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Key Findings:
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Future Recommendations:
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Flavonoids in Foods

Isoflavones Flavan-3-ols Flavanones Flavonols Flavones Anthocyanins
Daidzein Catechin Hesperetin Quercetin Apigenin Cyanidin
Genistein Procyanidins Naringenin Kaempferol Luteolin Pelargonidin
Glycitein Epicatechin Malvidin
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<5 mg/d 157 mg/d 14 mg/d 13 mg/d <5mg/d 3-215mg/d

Average serving berries — 400-500 mg



Why do we study flavonoids?

Generally epidemiological studies support the notion that
foods rich in flavonoids provide cardiovascular benefit

Hertog et al., Arch Intern Med 1995;155:381— 6.
Knekt et al., BMJ 1996;312:478-81. .
Knekt et al., Am J Clin Nutr 2002;76:560-8. \
Yochum et al., Am J Epidemiol 1999;149:943-9.
Arts et al., Epidemiology 2001;12:668 —75.
Hertog et al., Lancet 1997;349:699.

Hertog et al., Lancet 1993;342:1007-11.
Geleijnse et al., Am J Clin Nutr 2002;75:880-6.

Others have not supported this concept

Hertog et al., Am J Clin Nutr 1997;65:1489 —94.
Sesso et al., Am J Clin Nutr 2003;77:1400-8.
Rimm et al., Ann Intern Med 1996;125:384 9.
Lin et al., Am J Epidemiol 2007;165: 1305-13.




Summary of Intervention Studies/

Meta-Analysis

6393 abstracts
582 papers

133 included
Interventions
(242 papers)

)

Examine relative importance
of different subclasses on
biomarkers of risk

|dentify research gaps,
priorities future research

Hooper et al 2008




Flavonoid Subclasses & FMD

RCTs: 15 chronic, 14 acute

Red wine, grape, black tea - modest benefit on CVD risk

Chocolate & cocoa - also significant chronic intake effect,
when sub-grouping by epicatechin dose

Hooper et al 2008



Effect of chocolate or cocoa on FMD, subgrouped to s how timecourse.

Analysis
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Flavonoids & Diastolic BP
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Chocolate diastolic BP (3mmHQ) & systolic BP (6mmHg)

Hooper et al 2008



Conclusion of Meta Analysis

Sufficient data only on a limited number of flavonoid
subclasses (chocolate, soy, tea)

Limited data for anthocyanins & flavanones

Sufficient data only on a limited number of endpoints
(FMD, BP, LDL)

Insufficient data on secondary endpoints such as
Inflammatory and other CVD biomarkers



Many Difficulties in interpreting
findings from meta analysis:

Biomarker analyses are not standardised
Few studies quantify flavonoids fed or found in blood

Few studies using pure compounds & its difficult to
establish primary bioactive in a food

Limited data for many subclasses of polyphenol:
myricetin, apigenin, thearubigins, theoflavins, tannins

Difficulty establishing actual dose and bioavailable @
dose




Relative Bioavailability

Isoflavones Flavan-3-ols Flavanones Flavonols Anthocyanins Procyanidins Flavones
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Bioavailability

Urinary excretion (0.3 - 43%)
Plasma concentrations (0-4 uM — 50 mg)
Important to understanding bioavailability & metabolism

Manach et al 2005; D'Archivio et al., 2007:43:348-361



Average Amounts Fed In
Intervention Studies

Frequency of Studies
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Bioavailable dose

Frequency of Studies
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Oxidative Stress
Theory
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Current Findings and Future Areas
of Focus

Regulating endogenous defence systems
NADPH oxidase
eNOS
Inflammatory cytokines
phase Il detoxification enzymes
COX2

Modulating cell signalling and gene transcription
NFkB, AP-1,MAPK, Nrf2/ARE

Kanadaswami et al 2005, Nichenametla et al 2006, Schewe et al 2008, Siow et al 2007, Kwon et al 2007,
Steffen et al., 2007-2008



Future Research

Look to establish new biomarkers of activity

Establish more physiological relevant in vitro
models of bioactivty

Look to establish new biomarkers of intake

Common metabolic byproducts
Advanced chromatography and MS



Moving Forward
Establishing new paradigms in
Flavonoid Research

Most abundant flavonoids in diet highest
concentration in serum or at tissue, as a result of
bioavailability

Biologically active compounds are likely to be
metabolised derivatives in vivo

Biological activity of metabolites needs to be a
more active research area, as mechanisms will
differ from parent compound in food




Studying Biomarkers of Intake:
Common Metabolites

Metabolites investigation 30 -
13C]-daidzein to [13C]-
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BBSRC DRINC Project

13C-Anthocyanins (C3G) human ‘tracer’ study
5HODWLYH ELRDYDLODELOLW\

OHWDEROLWHY DV ELRPDUNHU RI LQ'

6\QWKHVLVH PHWDEROLWH DQ ® RGHNO/
XVLQJ SK\WWLRORJLFDOO\ DSSURSULD\
FRQFHQWUDWLRQV

'"HYHORDS YEURFRDUNHUYV RI DFWLYLW\

JRFXV HQGSRLQWYV IRU DSSOLFDWLR
LOQWHUYHQWLRQ VWXGLHV




Implications for Industry?
Product Development

Characterising the bioactivity of ‘altered’ components
(in foods and humans) we can offer commercial/
economic benefit:

Aiding in establishing ‘new’ (or reestablishing old)
functional-ingredients

Provide evidence for future health claims

Promoting products as ‘functional-foods’




Implications
(public/government/Industry)

It Is Important to identify the key dietary constituents which
contribute to the health promoting properties of foods:

establish targeted public health recommendations

allows consumers to make more informed choices



Future Directions?

New/Updated Analysis of Harvard Cohorts

387,242 women
NHS

46,672 men
HPFS

Unpublished

data

)

Adjusted for:

age & smoking, BMI,
physical activity, alcohol,
family history of
hypertension, aspirin,
multivitamins, sodium,
magnesium, potassium,
fibre, wholegrains, folate and
caffeine




Habitual intake of flavonoids &
Incident hypertension

Pooled RR
Flavone Apigenin 0.95 (0.91-0.99)
A.NHS I Flavan-3-ol Catechin 0.93 (0.88-0.97)
Total anthocyanin intake Epicatechin 0.95 (0.91-1.00)
13 Anthocyanin Cyanidin 0.88 (0.82-0.94)
| Malvidin 0.89 (0.85-0.94)
1.2 1 Peonidin 0.89 (0.85-0.93)
® 11 Petunidin 0.89 (0.85-0.93)
©
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Habitual intake of flavonoids &
Parkinson’s Disease risk In men

Cases = 347

RR

Total Flavonoids

0.55 (0.38- 0.80)

Flavonols 0.64 (0.44- 0.94)
~Flavones 0.91 (0.65 -1.29)
~lavanones 0.86 (0.61-1.21)

~Flavan-3-ols 0.59 (0.40 - 0.86)

Anthocyanins

0.61 (0.43- 0.86)

Polymers

0.49 (0.33-0.71)

Adjusted for age, smoking, BMI, alcohol,
aspirin, energy, caffeine, lactose

‘ Higher
Anthocyanin intake
associated with
slower rates of
cognitive decline
(preliminary
analyses)

Gao, Rimm et al — unpublished data




Thank You

Questions?



