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CocoaIn cardiovascular medicine.
Remedy or hype?
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Chocolate: Popular for
thousands of years

In Honduras, archaeologists
uncovered elaborately designed
bowls dating to 1600 BC, and
believe that the Aztecs used
these bowls to serve liquid
chocolate thousands of years
ago.

Cocoa was revered by Mayans,
and was considered a food of the
gods. This is how the cocoa tree
got its scientific name theobroma
cacao, from the Greek words
"theo" (god) and "broma" (drink).
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Intake of fruits and vegetables and
CAD risk

=
—e—

Joshipura, K. J. et. al. Ann Intern Med 2001

Relative Risk for Coronary Heart Disease

<3.0 3.0-39 40-49 50-59 60-79 280

Fruit and Vegetable Intake, servings/d

Cocoa intake and 15-year mortality among elderly men (n=470)

Tertile of Cocoa Intake

PValue

Mortality Data IanEst (=0.50 g/d) Middle (0.50-2.25 o/d) Highest (>=2.25 g}'d]l for Trend
No. of subjects ; 161 147 162 NA
Person-time, person-years 1481 1573 1854 NA
All-cause mortality

No. (%) of cases 122 (75.8) 100 (68.0) 92 (56.8) NA

Mortality (per 1000 person-years) 82.4 63.6 49.6 NA

RR (95% CI)

Age adjusted 1.00 0.76 (0.58-0.99) 0.57 (0.43-0.75) <.001
24% 43%
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University

Study

Any cardiovascular disease
Buijsse et al 20067
Mink et al 20074
Janszky et al 2009">
Janszky et al 2009*>
Buijsse et al 2010°
Djousse et al 20101°

Subtotal

(°=81.2%, P<0.001)

Heart failure
Janszky et al 2009">
Mostofsky et al 2010'°

Subtotal

(°=45.4%, P=0.176)

Stroke
Mink et al 2007
Janszky et al 2009">
Buijsse et al 20107

Subtotal

(°=41.4%, P=0.183)

0.25

Relative risk

A

Y

Favour low chocolate
consumption

Favour high
chocolate consumption

Relative Risks for CV disease, heart failure, and stroke in adults with higher
levels of chocolate consumption compared with lower levels

Relative risk
(95% ClI)

0.50 (0.32 t0 0.78)
0.98 (0.88 to 1.10)
0.34 (0.17 t0 0.70)
0.86 (0.54 to 1.37)
0.73 (0.47 to 1.15)
0.43 (0.27 to 0.68)
0.63 (0.44 to 0.90)

0.78 (0.52to 1.16)
1.23 (0.73 to 2.08}
0.95 (0.61 to 1.48)

0.85 (0.70 to 1.03)
0.62 (0.33to 1.16)
0.52 (0.30 to 0.89)
0.71 (0.52 to 0.98)

Buitrago-Lopez A et al. BMJ 2011



Polyphenols: Chemical Structure

Hydroxybenzoic acids Hydroxycinnamic acids
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See Figure 2
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Flavonols Ri
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wozso Catechins and Epicatechins
so2z0  found in food

Manach C et al.
Am J Clin Nutr 2004

Source Flavanol content per mg/kg or mg/L
Chocolate 460-610
Beans 350590
Apricot
Cherry
Peach 50-140
Blackberry 130
Apple 20-120
Green tea 100800
Black tea 60-500
Red wine 80-300
Cider 40

Plasma concentration of epicatechins after

ingestion of dark chocolate

Ying Wan et al.
Am J Clin Nutr
2001
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Plasma epicatechin (nmali)
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FRAP (% increase over baseline value)

1404

130+

120+

1104

Plasma antioxidants
from chocolate

DC = dark chocolate
MK = milk
MC = milk chocolate

Time (h)

FRAP = ferric-reducing antioxidant potential

Serafini M; Nature. 2003



Cocoa as aremedy?

Other:
Anti-Inflammatory

Blood Pres(l;ure
Reductidn
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Improved

insulin sensitivity
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endothelial function

platelet reactivity
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The Pathogenesis of
Atherosclerosis —
Vascular function

Genes Risk kactnrs

S|
OO0 +—0O

Myocardial
Infarction

Fatty Endothelial Atherosclerotic \ .
Streak Dysfunction Plaque ::J _
| Peripheral
Artery Disease
0 10 20 30 40 50 60 70 80

Yea rS TF Liischer, Eur Heart | 2000




Endothelial Dysfunction

[ Traditional Risk Factors ]

Non-traditional W Genetic

Risk Factors Predisposition

, "

Unknown
Factors

Local Factors

[ Endothelial Dysfunction: “The Risk of the Risk Factors” ]

. . v } :

Vascular Lesion Inflammation Vasoconstriction Thrombosis Plaque
and Remodeling Rupture/Erosion
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Endothelial function. Mechanisms

Shear Forces
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The principles of the most commonly used
methods to assess endothelial function

Trigger to assess endothelial function

Infusion of endothelial-

dependent vasodilators RedcUve hyperemia

L Peripheral FMD EndoPAT
circulation
Non-Invasive - - +
Predictive ++ ++ ++ +
Reversible & + +
Control vessel + (control = B
segments)
Not expensive - + + +/-
Low-risk +/- + ++ ++
_Operator +- e < i
independent
Easy to use - - - +
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Flammer AJ et al. Circulation 2012



Acute consumption of a flavanol-rich cocoa drink reverses
endothelial dysfunction in patients with cvRF

Flow-Mediated Dilation

12

10-

Percentage

Univers
Zurich

Flow-Mediated Dilation, %

Before

After

&

Before

® Flavan-3-ol Rich Cocoa

O Flavan-3-ol Low Cocoa _

Time, h

After

nmol/L

120

100+

BRNQ in Plasma
B
[ |
[m] [ ]
Before After Before After

High (176 mg/100 mL) amount of Flavan-3-ols

Low (<10 mg/100 mL) amount of Flavan-3-ols

Heiss, C. et al. JAMA 2003.
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Central role of Nitric Oxide

(a)

18+

—ry
=]
+ L

Volume (ul)

[=2]

Baseline day 1 Baseline day 5
i | I
Baseline After 4 days of
demonstrates ingestion of flavanol-

rich cocoa there is an

increase more than 12
h after the last dose
of cocoa (P = 0.01)

normal variability in
digital pulse wave
amplitude

UniversityHospital
Zurich . .
L-NAME = NG-nitro-l-arginine methyl ester

Y

(c) (d)

Day 5 60 min after L-NAME

Day 5 90 min after cocoa beverage

I 1 1 i

After ingestion of
cocoa on day 5 the
nitric oxide synthesis
inhibitor, I-NAME, had
a dramatic effect in
reversing dilation (P
= 0.004)

Exposure to an
additional 230 ml
dose of cocoa led to
a further increase
90 min later (P =
0.01)

Fisher et al. J Hypertens, 2003



Effect and time course of commercially available flavanol-
rich chocolate on vascular function in young smokers

A ,, Dark Chocolate
8 — - 8
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6 — g :
- 5F c © N
o2 = _
D 4 p— D 5 ]
= = +
o 3 LL - +
4 —]
2 ]
L . +
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Dark White 2
chocolate chocolate

Baseline 2h 4h 8h 24h

7 UniversityHospital F. Hermann et al Heart 2006
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Dose-Response relationship
after Cocoa intake

10000 *ti*ti
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1-hour post-ingestion
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Monahan K D et al. J Appl Physiol 2011
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Parallel elevation of circulating NO species, plasma
flavanols and enhancement of endothelial function

FMD %
12 -
10 - +i#
8 - *#{/ +*#
- \+*#

J$4e58 3

T r 1 1711
0123 4256

hFCD = high flavonoid cocoa drink
IFCD = low flavonoid cocoa drink

RXNO = plasma nitroso species

UniversityHospital
Zurich

Increase RXNO (nM)

4 =
*#
1A
24 *u
1 -
+#
0—.’%’\% K .
-1 ¥
-1 - *TO—0
*
-2-l 1 1 1 I 1 1
01234586
Time after cocoa drink (h)

Sum of plasma flavanols (nM)

3,500 -

3,000 -

2,500 -

2,000 -

1,500 —

1,000

500 -

o

—e—hFCD
—0-FCD
*y B * 4
* *#
\C*#
/Q;Ozo*gmo

Schroeter, H et al. PNAS 2006



Proof of concept: Vascular response after
oral ingestion of (-)-Epicatechin

h >
3

co
1

n=6

Flow-mediated dilation (%) at 2

B10-

Water
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Schroeter, H et al. PNAS 2006



Dark chocolate
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Baseline +2 hours

% Change after CPT
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Coronary artery diameter (mm)

1) 1)
Baseline +2 hours

Q

7.5

5.0

2.5+

0.0

Improvement in endothelial function also at the
level of the coronary arteries

Coronary vasomotion after 2hours

-2.54

5.0

-7.5-

Control Dark chocolate

(cardiac transplant recipients)

Flammer AJ, et al, Circulation 2007
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Cocoa decreases Isoprostanes
(indicators of in vivo lipid peroxidation) in certain patients

Oxidative stress-mediated
increase in Isoprostanes with exercise

=
8 2.2-
C —
E o
3 20-
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: ——
o

1.2 :

0 2 4 6
Time (h)

Wiswedel | et al. Free Radic Biol Med 2004
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% Change

%Change

Epicatechin
500- p<0.001
400+
300+
200+
100
0 ! T I
Placebo Dark Chocolate
8-lsoprostanes
30+
20
104
ol |
-10-
-20-
-30
404 p=0.03
Placebo Dark Chocolate

Flammer AJ, et al, Circulation 2007
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Lowering NOX2 activation (catalytic core of NADPH
oxidase), increasing Serum NO and lowering arginase

Cc Lowering NOX2 activation
35+ — —
30

— l

E | I .

b3

= |

% et I --3 * T

r
g
--Hs
'S 1—smokers

T T T T
Baseline After milk Baseline After dark
chocolate chocolate

Loffredo L et al. Heart 2011
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Serum NOx (M)

24

18

16

14 4

121

10

activity

Increasing Serum NO

— —

--HS
—Smokers

T T T T
Baseline After milk Baseline After dark
chocolate chocolate

Erythrocyte arginase activity in vivo

high-flavanol low-flavanol
cocoa cocoa
6 \
§ P
3 % .RI
_—
0

o

24
time [h]

o

24

Schnorr O et al. Arch Biochem Biophys. 2008



Effect of flavanol-rich foods on ACE activity in vitro

0.75

0.45

0.30

ACE activity (uM/min)

0.15

Csw
MW
GW
ww
BT
GT

} —71» Wine
}———» Tea

i | Jsl ReJoNoN |

High-procyanidin
chocolate

0.0 2.5 2.0 7.5 10.0
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Actis-Goretta L; J Agric Food Chem. 2006
/



Summary of potential mechanisms

] Cocoa / Polyphenols >

EDHF PGI_|
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soconstriction|
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@ UniversityHospital o , _
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The Pathogenesis of
Atherosclerosis — vascular
repair and calcification

Y ] ]

Endothelial Smooth muscle Pericyte Osteoprogenitor
progenitor cells progenitor cells progenitor cells cells

Hyperplasia ﬂ
Calcification

Myocardial
Infarction

A
— Renal
X \ . Failure

| Peripheral
Artery Disease

Angiogenesis

Repair

0 10 20 30 40 5 60 70 80
Yeal's Fadini G, Experimental Diabetes Res, 2012




Progenitor Cells in
cardiovascular disease

Lower event-free survival with lower
numbers of circulating EPCs (CD34/KDR)

Event-free Survival

1.0
I Group 3 (highest)
0.98- |.|_
Group 3
0,96
0,94 -
Group 1 (fowest)
0,93 LI
.90 ;__ P01
':I 1 T T T
0 104 200 300 365

Days
Werner, N, et al. NEJM 2005
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Event-free survival

OCN+/CD133+/CD34-/KDR+ counts

100%1]

0]
80%(]

20%01 High counts = osteocalcin+ CD133+/CD34-/KDR+ > than median
o Low counts = osteocalcin+ CD133+/CD34-/KDR+ < than median

0] High counts
60%0]
0]
40%0]
0]

Osteocalcin co-expressing EPCs as
a marker for CAD

800 i
k%) - . —
©
o
S x
& 600 p<0.001
(8] #ry—

S p=0.02
o
c
o
S
< 400 ,
2 - ~
@©
o
o
o
o
8 200
—
@
o
0

CV risk factors
(n=199)

History of stable
CAD (n=57)

History of unstable
CAD (n=26)

Low counts

p=0.036

0%O1_
Flammer AJ et al, EHJ 2012 © 200 400 600 800

Eollow-up days
| I | | I I I
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Mobilization of EPCs in Patients with Flavanol-rich drink (Cranberry juice)
CAD after high flavanol intake lowers the fraction of osteogenic progenitors

A 3. — I
o =z
= @)
= 24 o
3 S .
© d € 30
= < - ™
5. Pl =
k-’ n
E é i . S 20
Q 0. o 8
L] L] L] E L] L] L D—
pre pod pre post E_J 10
LaFl HiFl 8
g
Heiss C, et all, JACC 2010 c 0
(&)
o)
B - < -10
S E=
o1 £
&) ©-20
E cscﬁ Flammer AJ et al, EJN 2012
e © 30 _
i ity Placebo Juice Cranberry
o } Juice
E » Cranberry Juice (n=31), as compared to placebo (n=37),
E od = M - . induced a decrease in the fraction of EPCs co-expressing
uni " prepost " prepost OCN (-8.64 + 48.98 and 19.13 + 46.11%, respectively,
A . LoFI HiFI

p=0.019). /



Summary of potential mechanisms

] Cocoa / Polyphenols >

Improvement in
vascular repair
mechanisms (EPCs)

e o — TR
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Long-term benefits in diabetes patients

*

M Treatment @ Control
M Treatment @ Control
E Treatment @ Control
6 - I
S
O
=
L
4 -
3 L
| | |
0 8 30
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Time (d)

N =41 medicated diabetic
patients

flavanol-rich cocoa (321
mg flavanols per dose) or
a nutrient-matched control
(25 mg flavanols per dose)

Balzer J, et al., JACC, 2008



Sustained effects in patients with heart failure

UniversityHospital
Zurich

1 Control
Chocolate

I Flavanol-rich
Chocolate

*
s %* ™~
- * O *
9 - o —
8-
7 .
= 67
-
L 54
Q 4|
s 4
L 3 -
2 -
1 -
0 I , :
Baseline Acute 4 weeks
“ACUTE EFFECT
Acute Effect 2h Chronic Effect
FLAVANOL-RICH ;n:r in:ake > afterroi:lt';keeaiz

CHOCOLATE of 1 bar (n=10)

Baseline Visit
(n=20)

FLAVANOL-FREE
CHOCOLATE

Acute Effect 2h
after intake

Randomization to flavanol-
rich or flavanol-free
chocolate bars (40g)

Chronic Effect

bars daily for 2
weeks (n=10)

A 4

of 1 bar (n=10)

Chronic Effect
after intake of 2

\ 4

after intake of 2
bars daily for 4
weeks (n=10)

Chronic Effect
after intake of 2

h 4

bars daily for 2
weeks (n=10)

bars daily for 4
weeks (n=10)

Flammer AJ et al. Eur Heart J 2012



Cocoa as aremedy?

Other:
Anti-Inflammatory

Blood Pressure
Reduction
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Cocoa and blood pressure

® Polyphenol-Rich Chocolate
O Polyphenol-Free Chocolate

Heart Rate A) C)
5 160 = 160 -
T E 155 E o155
- E E —
s i o 150 - o 150 -
a =5
@ 145 - 2 145 -
2 E n.s.
' S 140 - S 140 -
B 3
8 135- 8 135, —
=] £
£ 130 - L 130 -
o 5]
% 125 - B 125
7 (7
120 120
Before After dark Before After white
. chocolate chocolate
Taubert, Jama 2003 Grassi, D. et al. Hypertension 2005
4 4
[ ]
o 2 2 O (
I
= o] ST 00 B
E. o} T T T 1 0 ﬁ; T 1
@ r ® 4 - [ ] [ ]
& -2 -2 ° o
5 °
Lcll__} -4+ —4
2
5 gl -6
r=-.61 Q F=—006
_8 P=.003 _8] P=80
130 135 140 145 150 155 160 165 430 135 140 145 150 165 160 166

_ Baseline Systolic Blood Pressure, mm Hg Baseline Systolic Blood Pressure, mm H
A4 cuncn Taubert, D. et al. JAMA 2007



Blood pressure lowering effects of cocoa in controlled
studies of cocoa administration

Source

Taubert et al,?® 2003
Engler et al 2' 2004
Grassi et al,#2 2005
Grassi et al,?® 2005
Fraga et al,24 2005

Source

Taubert et al,2" 2003
Engler et al 2! 2004
Grassi et al,?2 2005
Grassi et al,2® 2005
Fraga et al,4 2005

Meta-analysis of controlled studies of
cocoa administration (173 subjects,

Cocoa,
n/ASBP/SD

13/-4.7/2.7
11/-1.0/4.9
15/-5.9/5.4
20/-11.0/6.3
28/-6.0/2.6

Control,
n/ASBP/SD

13/0.4/1.9

10/-2.8/2.5
15/-0.5/3.7
20/-0.5/1.6
28/-2.0/2.6

Pooled Estimate

Cocoa,
n/ADBP/SD

13/~1.6/11.4
11/0.9/2.3

15/~4.1/41
20/~6.2/4.2
28/~5.0/2.0

Control,
n/ADBP/SD

13/0.2/1.6

10/~0.1/1.9
15/-0.6/2.1
20/~0.3/3.1
13/-1.0/2.0

Pooled Estimate

mean duration 2 weeks)

UniversityHospital

Zurich

Weight, %
—a— 21.76
—=— 18.22
—a— 18.14
| 19.33
—— 22.55
-
—1|5 —%{] —|5 0 EIS 1ID
Change in SBP, mm Hg
Favors Cocoa Favors Control
Weight, %
—m— 21.95
—— 19.86
—.— 17.90
| 18.06
—— 22.24
S
0 8 6 4 -2 0 2 4

Change in DBP, mm Hg

Favors Cocoa

Favors Control

Taubert, D. et al.

SBP Change
(95% CI)

-5.1(~6.9 t0 —3.3)
1.8 (-1.5t05.1)
-5.4 (-8.7 to -2.1)
-105 (-13.310-7.7)
~4.0 (~5.4 t0 —2.6)
-4.7(-7.610-1.8)

DBP Change
{95% CI)

-1.9 (-3.010 -0.7)

1.0 (-0.8 0 -2.8)
-35(-5.8t0-1.2)
-5.9 (-8.2 to -3.6)
-4.0 (-5.1t0 -3.0)
-2.8(-4.810-0.8)

Arch Intern Med 2007



Effect of Cocoa on Insulin resistance

Cocoa improves insulin 1-year flavonoid intervention on
resistance in patients with insulin resistance
impaired glucose tolerance

A 10 -
e
8 1 B 50 3 k¥
151 —_ — [P
n_:.' 6 404
g n_'! 351
¢ 30
2 41 S 254
0 20/
5 ] 5
109
E 05'
0 Bacoli 00 .
aseline FRDC FFWC favonoid dislo
Grassi, D. et al. J. Nutr. 2008
Curtis P J et al. Dia Care 2012
HOMA-IR =

o _ homeostasis model assessment of insulin resistance =
UniversityHospHA fasting insulin*glucose/22.5

Zurich /




Effect of chocolate/cocoa flavan-3-ols on measures of glucose and
Insulin metabolism or homeostasis

Universi
Zurich

Cocoa Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI

Insulin Resistance index, HOMA-IR
Davison 2008 (B (41) -0.41 0.79 13 014 0.61 13 335% -055[-1.09,-0.01] =
Davison 2008 (noEx) (41)  -0.21 1.18 12 0.08 056 11 17.8%  -0.29[-1.04, 0.46] -
Grassi 2005 (nBP) (49) -0.55 077 15 0.3 0.86 15 28.9% -0.85[-1.43,-0.27) =
Grassi 2005(tBP) (48) -1 1.38 20 -0.4 158 20 11.6% -060[1.52 032 =T
Grassi 2008 (50) -1.4 172 19 01 203 19 69% -1.50[-2.70,-0.30] ==
Mellor 2010 (57) 0 361 12 1.2 343 12 1.2% -1.20[-4.02,1.62) e
Subtotal (95% CI) 91 90 100.0% -0.67 [-0.98, -0.36] ¢
Heterogeneity: Tau® = 0.00; Chi*= 3.56, df= 5 (P = 0.61); F=0%
Test for overall effect: Z=4.18 (P < 0.0001)

Fasting insulin, pU/mL
Davison 2008 (Ex) (41) -35 613 13 082 469 13 227% -4.32[-8.52,-012) ———— &
Davison 2008 (noE:x) (41) -1.4 935 12 079 4.44 11 11.5% -219[-8.10,3.72)
Grassi 2005(tBP) (48) 93 44 20 131 865 20 33.8% -3.80[-7.24,-0.36) B —
Mellor 2010 (57) 0.z 1.2 12 4 10.2 12 54% -380[12.37,477 ¢
Muniyappa 2008 (59) 89 6.7 20 86 5.8 20 26.5% 0.30[-3.58, 4.18) D
Subtotal (95% CI) 77 76 100.0% -2.65[-4.65,-0.65] .
Heterogeneity: Tau*= 0.00; Chi*= 3.35, df=4 (P = 0.50); F=0%
Test for overall effect: Z= 2.59 (P=0.010)

Fasting glucose, mmoliL
Baha 2007 men (36) -0.34 047 13 -066 0.49 12 11.8% 0.32 [-0.06,0.70] =
Balzer 2008 (38) 0.29 118 21 -012 1.69 20 3.9% 0.41 [-0.49,1.31) T
Davison 2008 (Ex) (41) -0.03 029 13 023 051 13 135% -0.26[-0.58, 0.0 -
Davison 2008 (noEx) (41)  -0.23 3.22 12 -012 0.4 11 11%  -0.11[1.95,1.73) =71 -
Farougue 2006 (45) -0.3 158 19  -01 1.64 19 31% -0.20[-1.23,0.83] o
Grassi 2005(tBP) (48) -0.3 0.3 20 0 0.25 20 18.0% -0.30[-0.47,-0.13] "
Mellor 2010 (57) -01 08 12 04 08 12 54% -050[-1.22,022) =T
Monagas 2008 {(58) 0.45 207 42 011 217 42 3.8% 0.34 [-0.57,1.25] -
Muniyappa 2008 (59) 0.29 048 20 018 0.48 20 141% 0.11 [-0.19, 0.41) r
Njike 2009 (61) -0.11 058 37 -0.486 1 37 11.9% 0.35[-0.02,0.72) il
Taubert 2007 (69) -0.12 0.68 22 005 0.38 22 135% -017[-0.49,0.15] T
Subtotal (95% CI) 231 228 100.0% -0.02[-0.22,0.17] [

Heterogeneity: Tau®= 0.05; Chi*= 21.85, df=10 (P =0.02); IF=54%

Test for overall effect: Z=0.23 (P=0.82)

Hooper L et al. Am J Clin Nutr 2012
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Meta-analysis of the effect of cocoa consumption blood
lipids as compared with placebo
LDL

Experimental Control Mean Difference Mean Difference

Study Year N Changes in LDL N Changes in LDL IV Fixed 95%CI Weight IV Fixed 95%CI
Mean(mg/dL) SD Mean(mg/dL) SD
Baba(12) 2007 13 -16.98 19.48 12 -6.18 1872 —_— 123% -10.80 [-25.78, 4.17]
Balzer (19) 2008 21 -8.50 3344 20 440 4101 5.2% -12.90 [-35.87, 10.07]
Fraga(17) 2005 27 -16.00 3354 27 -500 3543 _— T 8.2% -11.00 [-29.40, 7.40]
Grassi(11) 2005 20 -15.44 2404 20 0.00 2166 L 138%  -15.44[-29.62, -1.26]
Grassi (18) 2005 15 0.00 19.76 15 0.00 1733 I — 15.7% 0.00[-13.30, 13.30]
Muniyappa (20) 2008 20 -9.00 5284 20 -11.00 50.74 27% 200([-30.11,34.11]
Taubert(15) 2007 22 -230 938 22 200 1970 — 333% -430[-13.42, 482]
Wan (14 2001 23 8.49 3592 23 232 2433 -1 8.38% 6.17 [-11.56,23.91]
Total (95% CI) 161 159 L 2 1000% -587[-11.13,-0.61]
ity: Chi2= =7@®= 2= +— —

Heterogeneity: Chi?= 569, df =7 (P = 0.58); [?= 0% a0 .10 0 10 20

Test for overall effect: Z=2.19 (P = 0.03) gxperimental confrol

HDL

Experimental Conirol Mean Difference Mean Difference

Study Year N Changes in HDL N Changes in HDL IV,Random 95% CI Weight IV,Random95%CI
Mean(mg/dL) SD Mean(mg/dL) SD

Baba(12) 2007 13 1235 6.96 12 270 401 —_— 15.2% 965 [5.24, 14.06]
Balzer (19) 2008 21 0.00 733 20 340 11.25 - 13.2% -3.40 [-9.24, 2.44]
Fraga(17) 2005 27 -200 7.90 27 200 11.15 o 14.2% -400 [-9.15,1.15])
Grassi(11) 2005 20 0.00 941 20 0.00 941 -1 13.2% 0.00 [-5.83, 5.83]
Grassi(18) 2005 15 386 941 15 0.00 241 -T 12.0% 3.86 [-2.87, 10.59]
Muniyappa (20) 2008 20 -3.00 1090 20 -7.00 1090 B 12.0% -1.00 [-7.76, 5.76]
Taubert(15) 2007 22 1.70 7.04 22 0.40 19.23 —— 9.8% 1.30 [-7.26, 9.86]
Wan (14) 2001 23 463 13.80 23 270 13.80 10.4% 193 [-6.05,991]
Total (95%0 CI) 161 159 100.0%0 1.12 [-2.70,4 95]

20 -0 0 10 20
mpenmenial control

Heterogeneity: Tau?=19.93; Chi®=21.44, df =7 (P = 0.003); 2= 67%
Test for overall effect: Z=0.58 (P = 0.56)

UmyersntyHospltaI JiaL et al. Am J Clin Nutr 2010
Zurich /



Platelet Adhesion in %

F.

Less platelet adhesion after Cocoa intake
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Chocolate as medicine?

Hippocrates: “let food be the medicine”!
High caloric load and high sugar content of commercially available chocolate!
Direct supplementation with flavanols should be evaluated in more detail

At this point, recommendation of flavanol supplementation (similar as with vitamins)
appears problematic (pro-oxidative effects?)

However, as with pharmaceuticals, nutraceuticals should undergo the same strict
evaluation of potential benefit or harm

To clarify protective effects, further studies are necessary, particularly on morbidity
and mortality

UniversityHospital
Zurich image: lagosmums.com




Effect of cocoa on
structural changes or hard
endpoints?

Genes Risk Factors
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Structural vascular disease markers

Carotid Intima Media Thickness

Caratid duplex

wiand

Carotid
artary

Nicholls SJ: The Heart.org
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Uitrasound

Coronary Calcifications

Ferencik M, et al
AJC 2012
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Issues with non-pharmacological studies
(nutrition, nutraceutials...)

Study Design
& Background
( diets

Clinical Food
Studies

Appropriate _
Controls Study duration

Food matrix

UniversityHospital
Zurich /




[Chocolate is not equal to Cocoa]

During conventional chocolate
manufacturing the concentrations of
polyphenols markedly decrease

In particular fermentation and
roasting have detrimental impact

Polyphenol concentration depend on
the agriculural origin of raw cocoa

UniversityHospital
Zurich




Correlation between Countries' Annual Per Capita Chocolate Consumption and
the Number of Nobel Laureates per 10 Million Population
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Mes§erli FH, NEJM 2012



Thank you!

Andreas Flammer, MD, FESC

University Heart Center, Zurich, Switzerland

andreas.flammer@usz.ch
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