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La vitamina C

La vitamina C, o acido ascorbico, appartiene al gruppo delle vitamine cosiddette idrosolubili, quelle cioè 
che non possono essere accumulate nell’organismo, ma devono essere regolarmente assunte attraverso 
l’alimentazione.
Oltre a sciogliersi nell’acqua, la vitamina C e sensibile alle alte temperature, per cui si perde del tutto in 
caso di cottura in acqua.

- La vitamina C  partecipa a molte reazioni metaboliche e alla biosintesi di aminoacidi, ormoni e 
collagene.
- Ha forti poteri antiossidanti
- E’ contenuta soprattutto negli alimenti freschi: in alcuni tipi di frutta e verdura come le arance, le 
fragole, i mandarini, i kiwi, i limoni, gli spinaci, i broccoli, i pomodori e i peperoni. Per godere appieno dei 
benefici della vitamina C, questi alimenti devono essere conservati non più di 3-4 giorni e consumati 
crudi o comunque poco cotti.





Sofi F et al. BMJ 2008;337:bmj.a1344

Adherence to Mediterranean diet

and All cause mortality

Adherence to Mediterranean diet

and Cardiovascular mortality

Adherence to Mediterranean diet

and Cancer mortality

Adherence to Mediterranean diet

and Alzheimer/Parkinson diseases



Miller V et al The Lancet 2017 DOI: (10.1016/S0140-6736(17)32253-5) 

Fruit, vegetable and legume intake: CV disease and deaths in 18 countries (PURE)

135.335 participants without pre-existing CVD – (median) 7.4 years of follow-up

(A) Adjusted for age, sex, and centre (random effect). (B) Adjusted for age, sex, centre (random effect), energy intake, current smoker, diabetes, urban or rural location, physical activity, education level, and 

tertiles of white meat, red meat, and intake of breads, cereals, and vegetables

Total 

deaths

-19%



Fruit, Vegetable and legume intake: CV disease and deaths in 18 countries 

(PURE)

Miller V et al The Lancet 2017 DOI: (10.1016/S0140-6736(17)32253-5) 

135.335 participants without pre-existing CVD – (median) 7.4 years of follow-up

(A) Adjusted for age, sex, and centre (random effect). (B) Adjusted for age, sex, centre (random effect), energy intake, current smoker, diabetes, urban or rural location, physical activity, education level, and 

tertiles of white meat, red meat, and intake of breads, cereals, and  fruit

Total 

deaths

-7%



Flavonoid intake and long-term risk of coronary heart
disease (CHD) in the seven countries study

25 –

20 –

15 –

10 –

5 –

0 –

Mean flavonoid intake (mg/day)

Hertog et al Arch Intern Med 1995, 155:381-386

0       10      20      30      40     50      60      70      80A
ge

-a
dj

us
te

d 
C

H
D

 m
or

ta
lit

y 
(%

)
Average intake of flavonoids was inversely associated with mortality from 

CHD and explained about 25% of the variance in CHD rates in the 16 cohorts
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Albert Szent-Györgyi

In origine, ha dato ai flavonoidi il nome di "vitamina P" per la loro efficacia 
nel ridurre la permeabilità dei vasi sanguigni . 
Questo nome fu abbandonato quando ci si rese conto che 
queste sostanze non soddisfacevano la definizione ufficiale di vitamine , 
in quanto non erano considerate essenziali per la vita.

Budapest Marzo 2023

https://it.frwiki.wiki/wiki/Perm%C3%A9abilit%C3%A9_(fluide)
https://it.frwiki.wiki/wiki/Vaisseau_sanguin
https://it.frwiki.wiki/wiki/Substance
https://it.frwiki.wiki/wiki/Vitamine


• Meta-analyses show that a higher flavonoid intake is associated with:

- 20% lower risk of CHD mortality (Huxley and Neil, 2003)

- 20% lower risk of stroke (Hollman et al, 2010)

(Huxley and Neil, 2003) (Hollman et al, 2010)

Epidemiological evidence on flavonoids

Intake flavonoids associated with lower cardiovascular risk









Human interventional trials of the effects of flavonoid and flavonoid-rich food intake on 
insulin resistance in diabetes



Human interventional trials of the effects of flavonoid and flavonoid-rich food intake on 
insulin resistance during obesity
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Endothelial “protection”?

http://en.wikipedia.org/wiki/Image:Red_Wine_Glas.jpg


Grassi D et al. Eur J Nutr 2012

Concentration-dependent relaxant effect of (-)-epicatechin (0.01-100µM) on phenylephrine-

precontracted rat  aortic rings with (E+) or without (E-) endothelium
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Concentration dependent vasorelaxant effect of (-)-epicatechin (EC) and (-)- epigallocatechin 
gallate (EGCG) on endothelium-intact aortic rings precontracted with phenylephrine (0.3 µM) in 
the absence and in the presence of Nω-Nitro-L-Arginine L-NNA (100 µM)

*
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Aggio A, Grassi et al. Eur J Nutr. 2013 Feb;52(1):263-72.



Flavonoids effects on FMD, PWV, office systolic/diastolic 
BP and day/night BP values

(P < 0.0011 for treatment)(P < 0.0001 for treatment)

(P < 0.0001 for treatment) (P < 0.0001 for treatment)

Grassi D et al J Hypertens 2015, 33:294–303 

(P < 0.05 for treatment)
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Cocoa consumption decreases oxidative stress, proinflammatory mediators and lipid peroxidation in 
healthy subjects: a randomized placebo-controlled dose-response clinical trial.





Correlations between blood pressure, endothelial function 
and insulin resistance changing variables by Spearman 

nonparametric correlation in IGT EH patients.

Grassi D et al. J Nutr. 2008;138:1671-76.
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J Physiol. 2011;589(Pt 18):4615-31.



40-g serving with 
a 70% cocoa

Dark Chocolate Improves Coronary Vasomotion and
Reduces Platelet Reactivity

Flammer et al. Circulation. 2007;116:2376-2382



-27%

a composite 
of myocardial
infarction, 
stroke, CVD 
death, 
CABG/PCI, 
unstable
angina 
including
hospitalizatio
n, carotid
artery
surgery, and 
peripheral
artery surgery 

CVD death

Am J Clin Nutr 2022;00:1–11 follow-up of 3.6 y 



Tea is rich in Flavonoids
• Polyphenolic compounds (6 subclasses: flavonols, flavones,     

flavanones, flavan-3-ols, anthocyanidins, isoflavones)

• Tea is a rich dietary source of flavonoids in the diet, contributing between 

50% and 80% of intake

• Other sources of flavonoids include cocoa, apples, grapes, wine

• Health benefits of tea may be attributed to flavonoids

Tea and Vascular Health - Evidence Emerging From  Epidemiological And FMD Studies
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Lakenbrink C et al. J Agric Food Chem 2000;48:2848

Green tea Black tea

Tea and Vascular Health - Evidence Emerging From  Epidemiological And FMD Studies

Catechins (70%)

Polymeric 
flavonoids 
(20%)

Flavonols 
(10%)

Teaflavins (12%) Flavonols 
(10%)

Catechins 
(8%)

Tearubigins (70%)



Black tea polyphenols improve NO 
availability in vitro
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Anter et al J Biol Chem 2004; 279:46637-46643 

+/- L-NAME

*p<0.05 vs with L-NAME

CTL: control
TEA: black tea (100ng/ml)
BTP: black tea polyphenols (100ng/ml)
A23187: 1 µM

Black tea (ng/ml)
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Grassi D et al. J Nutr. 2008;138(8):1554-1560.

Endothelium-dependent vasorelaxation: epigallocatechin-3-
gallate (1x10-7, 1x10-6, 1x10-5, 1x10-4, 1x10-3 M) in isolated 

aortic rings
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cBlack tea dose-dependently increased flow-
mediated dilation (FMD) 

Data points with different superscripts are 
significantly different (P < 0.05)

Even 100 mg/day increased FMD compared to control 
(P=.0113). FMD improvement after 800 mg/day was 

significant compared to control (P<.0001) but also to 100 
mg/day (P=.0121) and 200 mg/day (P=.0275). 

Black tea consumption dose-dependently improves endothelium-dependent 
vasodilation in healthy subjects

Grassi D et al. J Hypertension. 2009; 27:774-781.



8 out of 9 studies showed an increase in FMD

• 9 studies with 15 study arms

• Average effect on FMD of tea vs. 
placebo = 2.6% (95% CI: 1.8-3.3%; 
P-value <0.001) 

• Median daily dose = 500 mL of 
tea (~2-3 cups). 

• Significant heterogeneity 
between studies (Q = 62.1, P-value 
<0.001; I2 = 75.8%), which is partly 
explained by the cuff position

Forrest plot of the net FMD effects in 15 study arms



Jochmann et al., Br J Nutr 99(4): 863 (2007)

Tea and FMD: Green or Black ? 
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Grassi D et al. Nutrients. 2016 Nov 16;8(11). pii: E727.

Black Tea Increases Circulating Endothelial Progenitor Cells and Improves Flow 
Mediated Dilatation Counteracting Deleterious Effects from a Fat Load in 

Hypertensive Patients: A Randomized Controlled Study



Meta-analysis updated: confirms the value of FMD 

Continuous: 1%↑ FMD is associated with 10%↓ CVD risk

Categorical: difference in CVD risk high vs. low FMD: 51%

Ras et al. Int J Cardiol. 2013;168(1):344-51. 



Duffy et al., Circulation 2001 Hodgson et al., Clinical Science 2002

Tea and FMD: Chronic effects (after 4 weeks) ? 

TeaWater



BP lowering effect confirms previous study with long-term tea intervention

6 months tea intervention, 3 cups per day in subjects with normal to high-normal range BPs 

HodgsonJM  et al. Arch Intern Med 2012; 172(2): 186-188 

(-2.7 mmHg 

p=0.006)
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