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Some Current Nutrition and Health Trends

The increasing costs of medical care are crippling the
economies of most countries. As a consequence, a new
preventive health paradigm has developed that is
connecting medicine, health, agriculture and food

Diet Is increasing viewed as a cause/solution for numerous
health problems

New sciences and genetic innovation are accelerating the
arrival of a new frontier: personalized nutrition

An increasing number of investigators are studying the
health effects of “non-essential” nutrients. The science
of nutrition is changing at a rapid rate



Consequences

Newswecon
Diet & Genes

The New Science of Nutrition and Aging

These trends will impact all aspects of
health care.

They will alter the fundamental
practice of medicine.

In the marketplace, there will be an
Increasing segmentation of food and
agricultural products. There will be
significant opportunities for “health
promoting” foods.



Disease Pathogenesis:
The Modern Paradigm

Major Gene

Environment




Our Changing Expectations of Healthy Foods

Prevention of primary nutritional deficiencies

l

Reductions in the onset/progression of select cancers

l

Reduction in the onset/progression of age-related diseases

l

Improvements in endurance capacity and mental health

l

Reduction in the occurrence of select birth defects

l

“Optimal Health”
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Complementing the desire
for “optimal health”,

the public is embracing
the concept of --

“food as medicine” in
response to the evolving
health care crisis that Is
occurring in most
developed countries.



Current Drivers: Cost

Health Care as total dollars in billions and % of GDP
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Current Drivers

Percent of on-line adults accessing e-health
information

100 88.5

Percent

1997 1998 1999 2000 2001 2002 2003 2004

Source: HHN, March 2002

. Technology — IT




Actual Causes of Death
INn the United States, 2000

“These analyses show that smoking
remains the leading cause of mortality.

However, poor diet and physical inactivity
may soon overtake tobacco as the leading
cause of death”

Mokdad et al. (2004), JAMA 291: 1238-44



Dietary polyphenols have been postulated
to modulate the development and
progression of several chronic diseases:

 Age related vision loss
e« Cancer

 Diabetes

e Hypertension
 Obesity

e Osteoporosis
 Cardiovascular disease
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The Global Burden of Cardiovascular
Disease

(Lancet 1998;352:1795)

e #1 cause of death worldwide
o #2 cause of death in developing nations

e Leading cause of disability worldwide



Economic Cost of Cardiovascular Disease

In the United States — For 2004 CVD costs
are estimated at $ 368.4 hillion

Drugs and Medical Devices are projected
to be $ 43.3 billion for the year.

(Value of entire cocoacrop < $ 6 billion)

AHA - Heart Disease and Stroke Statistics (2004 update)



Fruits and Vegetables Decrease
Cardiovascular Disease Risk

Multivariate adjusted* RR
for >=3 times/day vs. <1
time/day

- Ischemic heart disease
mortality RR=0.76

(95% ClI: 0.56, 1.03)

- CVD mortality RR=0.73
(95% CI: 0.58, 0.92)

- All cause mortality
RR=0.85 (95% CI:

0.72, 1.00)

*adjusted for age, sex, race, energy,
physical activity, alcohol consumption,

smoking, plus others
Bazzano et al AJCN 2002; 76, 93-99




Age-Adjusted CHD Mortality, %

Flavonoid Intake and Risk of CHD
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Flavonoids: A Diverse Group

Class Structure Flavonoid Food
Flavanols Faveno Catechin cocoa-wine-
tea
Flavonols Quercetin onion-apple-
etc
Flavones Apigenin seed-herb-
spice
Flavanones Naringenin citrus fruits
Isoflavones Genistein soy products
Anthocyanidins Delphinidin Berries




~LAVANOL-CONTAINING FOODS




Cocoa Flavanoids: Catechins & Procyanidins

OH OH

Cocoa Powder

Total Flavonoids: 10%
Fat: 11%

Protein: 22%
Carbohydrate: 45% Procyacr)linin (4B-8)-Dimer
Ash: 6%




Flavonoids & Vascular Health
Speculation:

The inverse association seen
petween the consumption of
nlant food-rich diets and the
risk for CVD Is due to a number
of factors including flavonoid-
Induced changes in: oxidant
defense mechanisms; vascular
reactivity,; platelet reactivity;
and the iImmune system.




Pathogenesis of Atherothrombotic Disease

Endothelial Cell

LDL Cholesterol Diabetes Hypertension = Smoking

N S S

Dysfunction

Vasoconstriction Blood Cell Adhesion Proliferation Lipid
and/or Infiltration Accumulation
& Clearance

(lipase)

I Inflammation

Cardiovascular disease and events



Flavanoids and CVD Health

Tea and Vascular Disease-
« A Meta-Analysis of 10 cohort and 7 case-control studies

— Heart Attack incidence reduced by 11% with 3 cup per day increase
in tea consumption

Peters et al. Am J Epidemiol 2001; 154:495-503

« Catechin Intake Might Explain the Inverse Relation Between Tea
Consumption and Ischemic Heart Disease: the Zutphen Elderly Study

— Prospective cohort study of elderly men

— Determined intake of (+)-catechin, (+)-gallocatechin, (-)-epicatechin, (-)-
epigallocatechin, (-)-epicatechin gallate and (-)-epigallocatechin gallate

- Catechin intake driven by black tea (87%), followed by apples (8%) and
chocolate (3%)

— 50 mg increase in catechin intake associated with 25% reduction in risk
(95% CI: 0.56, 0.99)

Arts, I.C.W. et al. Am J Clin Nutr 2001; 74:227-32



Flavanoids and CVD Health: Red Wine

Relationship Between CHD Death Rate and Dairy
Fat Consumption
“The French Paradox”

' 3007 CHD Mortality (1987)

Finland
UK. Denmark ".
® @ Sweden ,, Ireland

@

— ,.‘ Netherlands
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r=0.73
p<0.001%
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Renaud-S, de Lorgeril, M. Lancet 1992; 339:1523-1526



Flavanoids and CVD Health: Red Wine

« Numerous studies demonstrate an inverse
association between light to moderate alcohol
consumption and reduced risk of CHD

 While several studies find a stronger beneficial
effect for wine than other alcoholic beverages,
the evidence is not clear whether red wine is truly
more beneficial

e Protective effects of red wine have been
attributed to polyphenols, in addition to alcohol

« Most abundant polyphenols in wine are gallic
acid and the flavanols catechin and epicatechin

Teissedre et al. J. Sci Food Agric. 1996;70:55-61



The Kuna Amerinds:
A New “Paradox”?

Cross-sectional study of the Kuna Amerinds
of Panama

» |solated island-dwelling Kuna: traditional Kuna
lifestyle

= Panama City: minimal traditional Kuna lifestyle

= Kuna Nega on outskirts of Panama City: more
traditional Kuna community and lifestyle

Hollenberg, N.K. et al. Hypertension 1997; 29:171-6



Flavanoids and CVD Health: Cocoa

Island Dwelling Kuna: A New “Paradox”?

Both hypertension
and age-related
Increases in blood 130 -
pressure are rare in ol g
island-dwelling i |
Kuna — despite a el T .
substantial intake

of salt
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MIGRATION, ACCULTURATION and BLOOD PRESSURE
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The Kuna Amerinds

COCOA INTAKE PER WEEK
KUNA INDIANS
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Composition of Foods and
Beverages

= Substantial salt intake

= Generally low in fat, high
in minerals and contain
certain phytochemicals

= Potassium and
magnesium at significant
levels

= Cocoa-containing
beverages frequently
consumed — high in
flavanols and
procyanidins due to
specific preparation
practices



Can Cocoa Foods Provide Significant
Amounts of Flavonoids?

e Healthy volunteers, 25-56 .

e Asked to refrain from taking supplements,
and foods rich in flavonoids for 24 h, and
fasted overnight.

e Subjects ingested a flavonoid-rich cocoa
(0.375 g/kg BW; 12.2, 9.7, 28.2 mg monomers,
dimers and higher oligomers respectively)

e Blood was drawn at O h, 2 h and 6 h



Plasma concentrations of flavanols and dimers

after consuming 0.375 g/kg of cocoa; average flavonoid dose
was 1.4 g; approximately half from monomers and dimers
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Cocoa and Chocolate Flavanoids:
Antioxidant Protection

Effects of coca powder and dark chocolate on
LDL oxidative susceptibility and prostaglandin

concentrations in humans
Wan et al, AJCN 2001; 74:596-602

Inhibition of AAPH-induced RBC Hemolysis
and Antioxidant Capacity after an Intragastric
Dose of a Cocoa Extract

Zhu et al, Expt Biol Med, 2002;227:321



Platelet Activation and CVD

Fibrinogen Receptor
PAC1-FITC binding

Resting
Y Activated
GPlib-llla Clivate
ADP
Epinephrine
d
GPIb-IX
complex
CDA42a- binding CIDEZ-HE



Effects of Flavonoid-Rich Beverages on
Platelet Activation and Function

Healthy adults
Diet/drug restriction x 4 days

Test products (given in 300ml)
Flavonoid-rich cocoa (897 mg of flavonoids)
Dealcoholized red wine (320 mg Of flavonoids)
Caffeine Control
Water Control

Platelet Function Analysis:

Flow cytometry analysis GPIIb/llla, P-Selectin,
microparticle concentration, PFA

Blood was collected over a 6 h period



Changes in Platelet Microparticle Formation Following
the Consumption of a Flavonoid-Rich Cocoa Beverage

Rein et al. AJCN 2000; 72: 30

1.5

% Formation
|_\

0.5

Baseline 2 h 6 h

Microparticles are formed during physiologic platelet
activation & correlate with thrombotic disorders



Cocoa Flavonoids: Platelet Reactivity

Consumption of cocoa beverage increases closure time (time to clot);
Indicating less reactive platelets, and less risk of arterial thrombosis.
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Rein et al., AJCN, 2000; 72: 30



How Does the Effect of Cocoa Flavonoids on
Platelets Compare to Aspirin?

Influence of Aspirin and Cocoa on Epinephrine-Induced
Platelet Surface Activation Marker in Healthy Adults

Aspirin Cocoa
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The consumption of flavonoid-rich
foods can be associated with a
reduction in platelet reactivity.

The flavonoid effect is less robust
than that of aspirin, and it is
transitory in nature.

Can the platelet effects observed
with the flavonoid-rich cocoa be
seen with lower flavonoid intakes?



Lower cocoa flavonoid intakes still decrease
platelet activation and delay clot formation

ADP-Collagen Induced PFA-100™ Whole Blood Closure Times after

Consuming 220 mg of Flavonoids in 25 g of Chocolate (n = 18)
106
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*P <0.05

84

Time (h)

Holt et al, JAMA, 2002;287:2212



Wine, Grape Products, and Cocoa
Reduce Platelet Function

Pignatelli et al., 2002
Demrow et al., 1995
Ceriello et al., 2001

Osman et al., 1998
Keevil et al., 2000
Freedman et al., 2001

Rein et al., 2000
Pearson et al., 2002
Holt et al., 2002
Murphy et al., 2003
Innes et al., 2003
Hermann et al, 2005




Platelet Aggregation in Healthy Subjects
After Consuming 450 mL of Juice / for 7d
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Keevil et al. J. Nutr 2000; 130: 53



Endothelium Dependent
Vasorelaxing Activity of
Flavanols



Physiological Effects of Endothelial- and

caea @

Platelet — Derived Nitric Oxide

Endothelium

Platelets

Vasodilation

Platelet activation, adherence and
aggregation

Vascular smooth muscle cell proliferation
Inflammatory leukocyte recruitment
Vascular oxidant stress by inactivation of
superoxide anion



Cocoa Flavonoids: Vascular Endothelial Function

Effect of cocoa procyanidin on NOS activity
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Biological Endpoints - FMD/PAT

Cephalic vein

Ischemia

(arterial occlusion)
Basilic vein ,
Brachial
Median cubital ALy Hyperemla
vein - (transient increase in
organ blood flow)

Shear Stress

Ulnar artery (arterial occlusion)

Radial artery

Deep palmar NO-Production
arch (endothelial cells)

Arterial Dilation

(relaxation of smooth
muscle)




Flavanol-Rich Cocoa Consumption Results in Improved
Endothelial Function by Increasing RNO and FMD
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Cocoa/Chocolate Dietary Interventions and
Cardiovascular Health

Blood Pressure and Vasodilation

RNQC in Plasma @ Polyphenal-Rich Chocolate
O Polyphenol-Free Chocolate

Heart Rate

Systolic Blood Pressure
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Heiss et al. (2003) JAMA, 290, 1031 Taubert et al. (2003) JAMA, 290, 1029




What are the effects of the consumption of
a purified flavanol on blood flow and
platelet reactivity relative to the effects
observed with a flavonoid-rich food or
beverage ?




Results: Consumption of Purified Cocoa Flavanols
Produces the same results as Flavanol-rich Cocoa Foods
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Wine, Grape Products, and Cocoa and
Chocolate Enhances Endothelial
Function in vitro and In vivo

Fitzpatrick et al., 1993, 2000
Cishek et al., 1997
Adriambelosan et al., 1997
Agewall et al., 2000
Hashimoto et al., 2001
Stein et al., 1999

Coimbra, 2005

Karim et al., 2000
Engler et al., 2002, 2004
Rein et al., 2000

Heiss et al., 2003, 2005
Fisher et al., 2003
Grassi et al., 2005
Vlachopoulos, 2005
Hermann et al., 2005




Cocoa flavanols improve endothelial function and
decrease platelet reactivity.
Together, these changes support the concept that cocoa
flavanols can improve circulatory health




Cocoa Intake, Blood Pressure, and Cardiovascular

Mortality
The Zutphen Elderly Study

..to our knowledge, this is the first observational study

that found that habitual cocoa intake was inversely associated
with blood pressure in cross-sectional analysis and with
cardiovascular and all-cause mortality in prospective analysis.
Before drawing conclusions, confirmation by other
observational and experimental studies is needed.”

Buijsse et al. Arch Intern Med 166: 411-7, 2006



Chocolate and Prevention of Cardiovascular
Disease: A Systemic Review

“ Multiple lines of evidence from laboratory experiments and
randomized trials suggest stearic acid may be neutral,
While flavonoids are likely protective against CHD mortality.

The highest priority now is to conduct larger randomized

trials to definitively investigate the impact of chocolate
consumption on long-term cardiovascular outcomes.”

Ding et al. Nutr Metab 3:2, 2006



The Production of Cocoa and Cocoa Products
with Improved Nutritional Quality

Factors Affecting Flavanol Content in Cocoa Products
and Chocolates:

e Cocoa “Bean” Selection
* Post-Harvest Handling Conditions
- o o - " |‘\'~
* Processing and Manufacturing Conditions /ﬁ &
e 4

Who Benefits?

e The consumer

« Farmers in the tropics and developing countries
 Food industries that utilize cocoa

« Governments, due to reduced health care costs
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