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October 2018• Endothelial dysfunction and arterial stiffness are related to cardiovascular risk in patients with PAD. 

• Both of these processes are linked to oxidative stress and inflammation. 

• Oxidative stress markers are elevated in PAD patients, in correlation with measures of endothelial dysfunction and 
arterial stiffness.

• Decreased production and bioavailability of NO in response to elevated levels of ROS. 

• Up-regulation or over-activation of NOX2 is a major source of these ROS in PAD patients. 

• Targeting NOX2 by specific antioxidants or inhibitors may play a role in improving arterial function and functional 
status in PAD patients. 
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Historical perspective
• “Modern nutritional” 

science dates back to 20th

century (vitamin discovery)

• Phytochemicals – plant-
derived chemicals – used 
traditionally in medicine for 
thousands of years across 
the world 

• Greek physician Dioscorides
De materia medica – 50 AD 



Historical perspective 

• Latter half of 20th

century –
epidemiologic 
studies 

• Inverse 
relationships 
between F&V 
consumption and 
risk of chronic 
disease, all-cause 
mortality

Wang et al. 2014



Phytochemicals 

• Mechanisms behind 
F&V-associated health 
benefits? 

• Thousands of identified 
phytochemicals 

– Divided into classes 
based on chemical 
structures (which 
dictate function) 

Ismaeel et al. 2021



Antioxidant effects 

• Dysfunctional or deficient 
enzymatic antioxidant defenses 
hallmark of diseases 

• Activation of innate antioxidant 
enzymes could be more effective

• Phytochemicals act to induce de 
novo expression of antioxidant 
genes 

– Nrf2 activation – “master regulator 
of anti-oxidative responses” 

Ismaeel et al. 2021



Flavonoids 

• 6 subgroups 

– Anthocyanidins 

– Anthoxanthins

– Flavanones

– Flavononols

– Flavans

– Isoflavonoids

USDA



Flavonoids 
• In mice – flavonols reduce aortic atherosclerosis 

Phie et al. 2017



Flavonoids 
• Intake inversely associated 

with CHD in several studies 

• In PAD – lower risk of 
hospitalizations, aneurysms; 
lower incidence of surgery, 
amputations 

• Flavan subgroup –

– Catechin, epicatechin
• Cocoa (>100 mg/100 g)

– EGCG
• Green tea effects? 

Shumow & Bodor 2011



Flavonoids 

• RCCT: 40 g dark chocolate 
(>85% cocoa) vs 40 g milk 
chocolate (<35% cocoa) 

• Acutely - 6MWD improved 
by 11.5 m (11%), MWT 
increased by 20 s (15%) 



Flavonoids 

• Phase 2 RCT: Cocoa 
beverage (15 g cocoa, 75 mg 
epicatechin) vs placebo 
daily for 6 mo

• 6MWD improved by 42.6 
m 

– MCID: small = +8-20 m; 
large = +50 m 



Nitrogen-containing compounds 

• Dietary source of inorganic nitrate, 
nitrite-NO precursor 

• Beetroot (Beta vulgaris) 

– Betanin (betalain pigment) 

– Antioxidant activity

– Recommended as adjunct treatment to 
improve clinical outcomes in CVD 
management

Sadowska-Bartosz and Bartosz 2021

Ismaeel et al. 2021



Nitrogen-containing compounds 

• RCCT: 500 mL 
beetroot juice vs 
orange juice placebo 

• Acutely - COT 32 s 
(18%) longer, PWT 
increased by 65 s 
(17%) 



Nitrogen-containing compounds 

• RCT: 12-week exercise 
program + 4.2 mmol 
beetroot juice vs exercise 
program + placebo

• Beetroot + exercise 
improved COT by 121.1 s 
compared to exercise only 
(>1 full stage of TM test) 

– 200% greater than exercise 
alone 

– MCID: 35 s



Organosulfur compounds 

• Sulfur-containing organic 
compounds 

– Allicin (active flavor in 
chopped or crushed garlic) 

– DADS and DATS precursor

– H2S donors  

Linus Pauling Institute 

Koutakis et al. 2018



Organosulfur compounds 

• RCT: garlic powder (800 mg 
diallyl dose) + PT vs PT + 
placebo 

• PT + garlic increased PFWD 
by 46 m (28.5%) compared to 
31 m (18.1%) for PT alone 

– 15 m difference clinically 
meaningful 



Stilbenes 

• Resveratrol – red 
wine, purple grapes

– Early data 
suggested lifespan 
extension

Bhullar & Hubbard 2015

News Medical 



Stilbenes 

• Despite promising preclinical 
studies, little evidence of 
benefits in humans 



Bioavailability – comparison 

Houghton, Fassett, & Coombes 



Mediterranean diet 

• Higher adherence to 
Mediterranean 
dietary pattern 
associated with 56% 
reduced risk of PAD.

Ciccarone et al. 2003



Dietary interventions 

• RCT: PREDIMED (N=7447) 
Mediterranean diet + olive oil 
vs Mediterranean diet + nuts 
vs control low-fat diet 

• Both interventions associated 
with a reduced PAD risk at 5-
yr follow-up compared to 
control diet 

– Med diet + olive oil HR = 0.64

– Med diet + nuts HR = 0.50 





Summary
1. Large amount of work toward cardioprotective effects of 

phyto chemicals, but much less focusing on PAD.

2. Numerous phytochemicals that may be beneficial to patients 
with peripheral artery disease. 
– Poor bioavailability exhibited by several of the molecules may be the 

reason for significant laboratory potential but limited clinical 
usefulness.

– Beetroot and cocoa may be promising phytochemicals for improving 
functional status in PAD patients.


