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Luigi Fontana. The Path to Longevity. 



One of the most recent theories on aging focuses on immune
response, and takes into consideration the activation of
subclinical, chronic low-grade inflammation which occurs with
aging, named ‘‘inflammaging’’.

Long-lived people, especially centenarians, seem to cope with
chronic subclinical inflammation through an anti-inflammatory
response, called therefore ‘‘anti-inflammaging’’.



What is successful ageing?

“Successful ageing is defined as high physical, 
psychological, and social functioning in old age 
without major diseases”
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Nature 390; 45-51, 1997

• Short lifespan
• Vascular calcification
• Renal fibrosis
• High levels serum Pi, FGF23
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KLOTHO DEFICIENT MOUSE

Nature 390; 45-51, 1997

Short lifespan

Arteriosclerosis

Ectopic calcification

Pulmonary emphysema

Impaired maturation of sexual organs

Senile atrophy of the skin

Osteopenia 

Altered mineral-ion homeostasis



Establishment of sandwich ELISA for soluble alpha-Klotho
measurement: Age-dependent change of soluble alpha-Klotho
levels in healthy subjects

Objectives: to establish a sandwich ELISA system
enabling detection of circulating serum sKl in
healthy volunteers (n = 142, males 66) of ages
(61.1 ± 18.5 year)

Results: serum levels of sKl ranged from 239 to
1266 pg/mL (mean ± SD; 562 ± 146 pg/mL) in
normal adults

sKl levels in normal children (n = 39, males 23,
mean ± SD; 7.1 ± 4.8 years) were significantly
higher (mean ± SD; 952 ± 282 pg/mL) than those
in adults (mean ± SD; 562 ± 146, P < 0.001)

Biochemical and Biophysical Research Communications 398 (2010) 513–
518



Age-related decline in soluble Klotho levels in humans 

Biochemical and Biophysical Research Communications 2010;398:513-518



Diabetologia 2017, 60:911–914
“This is the first study to demonstrate that individuals with type
1 diabetes and MA+ have significantly lower serum soluble
Klotho levels compared with MA− individuals”.



J Clin Endocrinol Metab 2018, 103(5):2026–2032

In patients with T2DM with
relatively preserved eGFR, reduced
levels of sKlotho predict renal
function decline independent of
traditional risk markers. sKlotho is
a biomarker of renal dysfunction
and a potential treatment target
for renoprotection in T2DM.



• In the UK, 1 in 4 adults are predicted to be aged over 65 by the year
2050 and 20% of boys and 26% of girls born in 2019 are expected to
reach their 100th birthday

• In the period from 2009-2011 to 2016-2018, life expectancy in the UK
increased by 0.8 years and 0.6 years for males and females,
respectively

• In contrast, healthy life expectancy for males increased by 0.4 years
and for females it actually decreased by 0.2 years in the same period

Ageing in the UK



Can we 
prevent/slow 
down ageing?





Calorie restriction in rodents: the “fountain of youth” 

• Several animal studies have demonstrated that a
20-40% reduction in calorie intake without
malnutrition causes a proportionate 20-50%
increase in lifespan1

• Calorie restriction increase longevity by preventing
or delaying the occurrence of chronic degenerative
disease associated with ageing2

• A 15-53% reduction in calorie intake causes an
equal linear 20-62 per cent reduction in incidence
of cancer (the main cause of cancer in rodents)

• These animals die without any disease and the
effects of calorie restriction are seen even in
models of accelerated ageing (progeria)

1. Calorie restriction in rodents: caveats to consider. Ageing Res Rev 2017 Oct;39:15-28.
2. Aging, adiposity, and calorie restriction JAMA 2007 Mar 7;297(9):986-94.
3. Luigi Fontana. The Path to Longevity.

Effects of different degree of calorie restriction on lifespan in mice  



Effects of calorie restriction in Rhesus Monkeys 

Effects of 30% calorie restriction in Rhesus monkeys 

Luigi Fontana. The Path to Longevity. 



Inhibition of nutrient-sensing and inflammatory pathways 
protects against damage 

Luigi Fontana. The Path to Longevity. 



• 20-30% reduction of calorie intake improves CV risk factors including
blood pressure, cholesterol levels

• A 13% reduction of calorie intake improve all cardiometabolic risk factors
beyond normal levels even in young adults

• The heart function of subjects decreasing the daily calorie intake to about
1800 calories is similar to that of people 15-20 years younger

Does calorie restriction work in humans? 



Protective mechanisms underlying calorie restriction 

• Reduction in markers of oxidative stress

• Inhibition of inflammatory pathways

• An activation of cellular pathways that help recycle molecular debris 
and remove toxic misfolded proteins and malfunctioning organelles 

• An elevation of enzymes protecting cells against the damage of free 
radicals 

• An increased level of genes that repair DNA damage 

• A drastic reduction in markers of cell senescence 



Excessive calorie restriction can be dangerous 

• Increased cold sensitivity

• Menstrual irregularities
• Low libido

• Bone density loss



Tips to control calorie intake 

• Substitute refined and processed foods with foods rich in fibre

• Eat your food slowly and stop eating before becoming full

• Once or twice a week eat only non starchy raw or cooked vegetables

• Consume most food within a restricted time frame, 8-10 hours



A panel of 27 experts examined 40 diets and
ranked them on several categories:

1. How easy is the diet to follow

2. How likely is a person to lose significant
weight, both in the short and long term

3. How effective the diet is in preventing
cardiovascular disease or diabetes

4. The diet’s nutritional completeness.





Mediterranean diet: where taste meets health 

• 15-year observational study including nearly 12,000 men living in Italy, Greece, Yugoslavia, Finland, Holland, Japan and US

• High association between the amount of dietary saturated fat intake, blood cholesterol levels and the risk of death from CV
diseases

• Finland, Holland and the US had the highest animal food consumption, the highest saturated fat intake, the highest blood
cholesterol levels and the highest percentage of CV deaths; in contrast the Mediterranean countries and Japan were at the
opposite end of the spectrum

• Interestingly both the inhabitants of Crete in Greece and North Karelia in Finland obtained more than 40% of their calories
from fat. However the % of deaths from heart attack was much higher in Finland than in Crete

• The average middle-aged Finnish man was consuming butter, milk, and cheese, while men for men in Crete was fish, nuts and
extra-virgin olive oil



Protective effects of the MD against:

• Diabetes 
• Hypertension
• Several type of cancers 
• Allergic reactions 

• Alzheimer Disease
• Parkinson’s Disease 



Ø 605 men and women who had already had a heart attack were randomized to either the diet recommended
by the AHA or a Mediterranean Diet

Ø Patients randomized to the MD consumed more breath, vegetables, fruit and fish and less red and meat
(replaced with poultry)

Ø After only two years, the study was terminated because people adhering to the MD experienced a 70%
reduction in mortality (due to a 73% reduction in coronary artery disease death and major reductions in non
fatal complications.



Mechanisms behind the benefits of the Mediterranean diet  

• Reduction in cholesterol level 

• Reduction in oxidative stress and inflammation

• Positive changes in the composition and function of the gut microbiome 



Food rich in saturated fat

• Dairy products including butter, cream, whole milk, cheese 
• Meat fatty cuts of beef, pork, lamb
• Lard and processed meats (salami)
• Chicken skin 

Mediterranean diet lower the cholesterol levels through

• Polyunsaturated omega-3 fatty acids (e.g. fish, walnuts)
• Omega-6 fatty acids and plant sterols (e.g. almonds, hazelnuts, pine 

nuts)

• Fibre intake (whole grains, legumes, vegetable, nuts)



Reduced oxidative stress and inflammation

Vegetables, beans, unrefined whole grains, seeds, nuts, fruits, and extra virgin olive
oil are rich in antioxidant vitamins and minerals (vitamin C, vitamin E, beta-carotene,
selenium folate) and a variety of phytochemicals





Gut health 
• A Mediterranean diet rich in insoluble fibre has been shown to increase the production of certain

bacteria (called Bacteroidetes and Firmicutes) producing high levels of short chain fatty acids (butyrate
and propionate)

• These metabolites by binding to specific receptors inhibit inflammation and increase the levels of certain
immune cells, called regulatory T cells which protect from the development of autoimmune disorders

• The reduced intake of fibre rich vegetables, whole grains, legumes may be responsible for the increased
incidence of type 1 diabetes, asthma, IBD





Large dark green leafy vegetables
• Rich in chlorophyll, folic acid, carotenoids and vitamin K

• Lutein and zeaxanthin which protect eye tissues

• Great source of Vitamin K and Vitamin A. Beet greens

Mustard Greens 

Spinach 

Silver beet 



Cruciferous vegetables

• Part of the family Brassicaceae

• High levels of Vitamin C and some phytochemicals
such as isothiocyanates, indol-3 –carbinol and
sulforaphane which play an important role in cancer
prevention and longevity.

Cabbage 

Broccoli Brussels sprouts 

Arugula (rocket)

Savoy cabbage 

Kale 



Pumpkin, carrots, sweet
potatoes
Rich in carotenoids responsible for the orange colour
and the production of Vitamin A

Health eye and immune function health

Carrots like parsley are members of the Apiaceae or
Umbelliferae family and all contain a compound called
polyaceylene which has preventative effects against
thrombosis and cancer

Pumpkin 

Carrots 

Sweet potatoes 



Tomatoes

As well as watermelon they contain lycopene a
strong antioxidant, important in the prevention of
some certain cancers, including prostate, digestive
tract and cervical

Anti-cancer effect due to reduction in IGF-1.



Legumes (beans or pulses)
Source of healthy proteins and vitamins

B vitamins, folate, iron, copper, magnesium, manganese, 
zinc, and phosphorus

Low in fat (apart from soya)

One serving of legumes provides on average
- 120 calories
- 20 g of complex carbohydrate
- 6 -10 g of fibre
- 8 g proteins

Recommended for overweight people, and those 
individuals at risk of diabetes 

They can replace red meat, and they lower fasting blood 
glucose levels, insulin, triglycerides and LDL cholesterol 

Chickpeas

Lentils 
Fava beans 

Borlotti beans 



• Nutritional powerhouses 
• Amino acids and fatty acids (monounsaturated and polyunsaturated) and 

dietary fibre

• Vitamins (group B, folic acid and Vitamin E)

• Minerals (K, Mg, Ca, iron, and Zn)
• Anti-oxidants minerals (Selenium, Manganese, and Copper)

• Phytochemicals (Flavonoids, resveratrol, and plant sterols)

Nuts and seeds



A growing body of epidemiological studies suggests
that people who consume at least 5 servings of nuts per
week experience a 40-60% lower risk of developing
heart disease.

Six reasons why nuts can protect our CV system:

1. Nuts are low in saturated fats and rich in
cardioprotective monounsaturated and
polyunsaturated fats

2. They are rich in soluble fibre that reduce the
absorption of cholesterol in our intestine

3. All nuts, particularly almonds and walnuts are the
main dietary source of antioxidant vitamin E and
antioxidants minerals such as selenium, copper and
manganese

4. Raw nuts are low in Na, and high in K and Mg,
factors that have an important effect in lowering
blood pressure

5. Pines nuts are rich in arginine and amino acid that
is converted to an anti-atherogenic molecule the
NO

6. Walnuts are a source of omega-3 alpha-linolenic
acid which lower triglycerides levels, inflammation
and protects against several irregular heartbeat
conditions



Fish: substitute meat with fish for the goof of your heart 

Fish eating Inuit and Japanese populations traditionally had lower rates of heart disease
compared to meat-eaters living in the US and North Europe

Eating four or more servings per week of fish rich in long chain omega 3 polyunsaturated 
fatty acids seems to lower the risk of having a heart attack by 22% when compared to 
people who consumed seafood less than once a month 

It is not necessary to eat four servings of fish every week. Several studies have shown that even 
consuming one to four servings of oily fish per month has a significant cardioprotective effect 
compared with no consumption  



Extra Virgin Olive oil
• Nutritionally balanced and healthy condiment

• Extracted from the ripe fruit of the olive tree without using chemical solvents

• Unrefined cold pressed juice rich in monounsaturated fats
• The mixture of phenolic compounds is responsible for the fruity, pungent and slightly bitter

taste

• More than 30 phytocompounds have been described (oleuropein, tyrosol, hydroxytyrosol)

• Contains alpha-tocopherol and carotenoids which are potent antioxidants



How to choose the best olive oil

• Buy only olive oil labelled “extra virgin”. Extra
virgin olive oil is the highest quality olive oil
with the very lowest acidity (<0.8%). It is
extracted through a cold mechanical process
without using any chemical refining methods.

• The label should also state “First cold
pressed”. This means the olives were crushed
in a mill and pressed only once at a
temperature that did not exceed 30C (86F).
Lower quality olive oils are crushed multiple
times and at higher temperatures to extract
more oil from the fruit.

• Look for the harvest and bottled date. You
should consume extra-virgin olive oil within
12-14 months from the time of the
production.



Physical exercise as a daily medicine 

Relationship between physical activity and CV risk 

Physical inactivity is associated with the highest risk, whereas high aerobic exercise volumes are 
associated with the lowest risk

Luigi Fontana. The Path to Longevity. 



According to the 2018 Physical Activity Guidelines Advisory Committee Scientific Report, to
achieve substantial health benefits, we should undertake:

1. At least 150-300 minutes a week of moderate-intensity or 75-150 minutes a week of
vigorous-intensity aerobic physical exercise, or an equivalent combination of moderate
and vigorous-intensity aerobic training

2. Muscle-strengthening activities of moderate or greater intensity that involve all major
muscle groups on two or more days a week.

How much exercise do we need?



Examples of aerobic activities to achieve exercise 
guideline recommendations 
Moderate intensity activities: 
• Brisk walking 
• Cycling (less than 16 km/h)
• Water aerobics 
• Tennis (double)
• Volleyball
• Ballroom dancing 
• Raking the yard

Vigorous-intensity aerobic activities:
• Uphill walking or race walking
• Running or jogging 
• Cycling (at more than 16 km/h)
• Tennis single 
• Strenuous fitness class
• Aerobic dancing 
• Heavy gardening (digging/hoeing)   



• Even in non obese people aerobic exercise is the most powerful intervention to improve
insulin sensitivity and glucose tolerance (more potent than calorie restriction)

• Walking for ~18 km a week, 2.5 km (1.5 miles) a day, is very effective in improving oral
glucose tolerance despite a modest 2 Kg (4.4 lb) reduction in body fat

• Walking for 18 km/week more effective than multicomponent intervention (diet and
exercise induced weight loss) for preventing the progression to diabetes in individuals
affected by pre-diabetes

• Regular endurance training also decreases systolic and diastolic blood pressure (the largest
reduction occurs in systolic BP, especially in patients with hypertension)

• Vascular health (arterial function and parasympathetic tone).

Beneficial effects of aerobic exercise



Aerobic exercise helps to reduce cancer risk

• Epidemiological studies suggest that
aerobic exercise reduces the risk of at
least 13 cancers in particular breast, colon,
endometrium

• It can help to improve the prognosis after
being treated for breast, colon and
prostate cancer

• Breast cancer studies suggest that 30-40
minutes per day of brisk waking can
reduce mortality by 50%

• Reduction in abdominal fat and insulin
seem to play a key role



Stepping
An increase of 500 steps/day associated
with 2-9% decreased risk of CV morbidity
and all cause mortality

Sitting 
Breaking sitting with bouts of slow 
walk (every 30 min)

Sleep
The quantity of sleep is known to be
associated with health outcomes with
both long (>8 h) and short (<6 h) sleep
durations having negative impacts

Sweating
A reasonable target for
physical activity is at least
150 min/week

Strengthening
Resistance exercise improve
insulin sensitivity and glucose
levels



“This study shows a positive association between Mediterranean Diet and soluble
Klotho. No association was found with low carb diet and low fat diet”.



Key findings

• Vascular smooth muscle cells (VSMC) were
cultured in vitro

• Klotho was found to be expressed in VSMC

• The in vitro treatment of VSMC with
sulforaphane enhances the expression of
Klotho



Amaro-Gahete FJ. Br J Sports Med 2020;54:1233–1234.



Ø SGLT2i are antidiabetic agents lowering the blood glucose levels
by promoting glycosuria

Ø In recent years, randomised clinical trials have demonstrated
that SGLT2i reduce cardiovascular-renal events and all-cause
mortality in people with and without diabetes

Ø SGLT2i can exert anti-ageing effects on the vasculature and
other body organs through several signalling pathways and the
induction of antioxidant enzymes

Ø We speculate that the pro-longevity effects of the SGLT2i are
mediated by soluble Klotho.





Thank you for the attention




