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Plant sterols and stanols - naturally occurring
compounds structurally similar to cholesterol
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Steroli e stanoli vegetali

B Composti “naturali”

B Che agiscono sulla colesterolemia LDL, prevalentemente a
dosaggi “non naturali”

B Attraverso un meccanismo di inibizione dell’assorbimento
del colesterolo intestinale ...

M ... che potrebbe avere valenze preventive piu interessanti
del previsto



Plant sterol content in foods

Vegetable oils - rich sources of plant sterols

» Corn oil (refined) 715-950 mg/100g

» Rapeseed oil (refined) 250-731 mg/100g

» Soybean oil (refined) 221-328 mg/100g

» Olive oil (extra virgin) 144—-150 mg/100g

» Palm oil (refined) 49—-61 mg/100g

Fruits, vegetables, cereals & nuts also contain plant sterols

* Apple (one small, 100g): 13 mg

Orange (one small, 100g): 24 mg

Broccoli (one cup chopped, 100g): 39 mg

Carrot (one cup chopped, 100g): 16 mg

Tomato (one medium, 100g): 4.7 mg
Wholemeal bread (3 slices, 100g): 86 mg

Sources: Trautwein and Duchateau, Phytosterols: Sources and Metabolism in Nutrition and Cancer Prevention 2005; Normen
et al. Eur J Nutr 1999; Normen et al. J Food Comp and Analysis 2002; Weilhrauch et al. Am Diet Assoc 1978



Plant sterol/stanol intakes in various populations
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Data from the Netherlands Cohort Study*
Total plant sterol intake: ’ﬁ' 280 mg/day # 240 mg/day

Total plant stanol intake: ’ﬁ' 28 mg/day # 23 mg/day

Data from the EPIC Norfolk population**

Total plant sterol intake: 'ﬁ‘ 310 £+ 108 mg/day # 303 = 100
mg/day

Cholesterol intake: P % 260 mg £ 105 mg/day
Data from the national FINDIET survey***

Total plant sterol intake: 'ﬁ' 305 mg/day ﬂ 237 mg/day
Cholesterol intake: 'I' 284 mg/day ﬂ 201 mg/day

*Normen et al., Am J Clin Nutr, 2001
** Andersson et al., Eur J Clin Nutr, 2004
*** \/alsta et al., Br J Nutr, 2004



Reduction of cholesterol absorption by plant
sterols/stanols: overview of studies
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adopted from Normen et al.: "Role of plant sterols in cholesterol lowering”
in: Phytosterols as Functional Food Components and Nutraceuticals, 2004



Reduction of cholesterol absorption by plant
sterols/stanols: overview of studies
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Plant sterol/stanols intake leads to reduction In
Intestinal cholesterol absorption*

Cholesterol absorption
% reduction from control

-10 T
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Sterols

-36%

Stanols

-26%

* as measured with the
dual stable isotope ratio
method with 13C- (oral) and
D -Cholesterol (iv)

Intake of 23 g/d of spread providing 1.8 g/d of plant sterols or stanols for 3 weeks resulted
in a 13.2 % reduction in LDL-cholesterol

Jones et al J Lipid Res, 2000



Fitosteroli: meccanismo d’azione

Fatty Acid

Cholesterol Chylomicron

Lumen Enterocyte Lymph

Gylling E et al, Atherosclerosis 2014



Intestinal absorption of plant sterols is low
compared to cholesterol

% absorption
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adapted from Bosner et al. J Lipid Res, 1999
& Ostlund et al. Am J Physiol Endocrinol Metab, 2002



Plasma concentrations of plant sterols are ~200 times
lower than of cholesterol

Plasma total cholesterol* Plasma plant sterols**#
12 0.06 -
10 - 0.05 -
—
o 8- = 0.04 -
5 £
£ 6- £ 0.03 1
S
4 - 0.02 -
27 0.01 -
0 0 -

#20-100 times lower compared to
plasma concentrations in subjects with
homozygous sitosterolemia

* pbased on data from the MRFIT-study
** based on overview of published data on basal plant sterol concentrations



Cholesterol lowering with plant sterols in fat-
based foods: dose-response relationship

% reduction of LDL-cholesterol

Plant sterol intake (g/day)
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data of ~ 30 placebo-controlled initiated studies with phytosterol-enriched spreads

data (mean plus 95% confidence interval) from meta-analysis of 41 studies
with phytosterols or stanols

Katan M et al, Mayo Clin Proc. 2003



Cholesterol lowering with plant sterols
and stanols: a meta-analysis
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Ras RT et al. Brit J Nutr 2014




Mendelian Randomization studies on the risk of Coronary
Heart Disease (CHD)

MR studies

Negative/ Positive/
merely biomarkers true risk factors
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HDL a7 CRP (72) Triglycerides (se)

Type Il secretory LP(a) (a9)
phospholipase A2 Fibrinogen (s)

189
LP-PLA,3) IL6 (78)
Diabetes (94)

Homocysteine ' Non-fasting
{102) \
glucose (104) ' Blood pressure
Uric acid (100) i (25)

Bilirubin 101

Telomere length
PONi105) Adiponectin (103 it
Pentraxin 3 (s2)

Henning J, et al. Eur Heart J 2014



Dose effects of dietary phytosterols on
cholesterol metabolism: a controlled study

Phytosterol intake

59 mg/d (control) 459 mg/d (moderate) 2059 mg/d (high)

Cholesterol absorption
Percentage cholesterol absorbed (%) 69.9
Dietary cholesterol absorbed (mg/d) 139
Biliary cholesterol absorbed (mg/d)

Plasma sterol ratios
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62.8 = 2.1
121 = 8¢
1390 = 167
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Phytosterols/total cholesterol (pg/mg) : : 14.1 1.3
Cholestanol/total cholesterol (;tgimg)ﬁ : 0.95 + 0.08°
Lathosterol/total cholesterol (ug/mg)” 22 : 1.51 = 0.14°
Serum lipid concentrations

Total cholesterol (mg/dL) 204 = 6
LDL cholesterol (mg/dL) + 132 = 4
HDL cholesterol (mg/dL) + 50 =3
Triglycerides (mg/dL) 112 =9
Non-HDL cholesterol (mg/dL) 154 = 5
LDL cholesterol/HDL cholesterol 275 = 0.167
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Racette BS, AJCN, 2010



Dose effects of dietary phytosterols on
cholesterol metabolism: a controlled study
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Dose effects of dietary phytosterols on
cholesterol metabolism: a controlled study

Phytosterol intake

59 mg/d (control) 459 mg/d (moderate) 2059 mg/d (high)

Cholesterol absorption
Percentage cholesterol absorbed (%) 69.9
Dietary cholesterol absorbed (mg/d) 139
Biliary cholesterol absorbed (mg/d)

Plasma sterol ratios
Phytosterols/total cholesterol (pg/mg) : : 14.1 1.3 25.8
Cholestanol/total cholesterol (;tgimg)ﬁ : 0.95 + 0.08° 0.85
Lathosterol/total cholesterol (ug/mg)” 22 : 1.51 = 0.14° 1.71

Serum lipid concentrations

Total cholesterol (mg/dL) 204 = 6 198 + 6
LDL cholesterol (mg/dL) + $ 132 = 4 -100/0 126 + 4°
HDL cholesterol (mg/dL) + 50 =3 51 =
Triglycerides (mg/dL) 112 =9 104 =
Non-HDL cholesterol (mg/dL) 154 =5 146 = 5
LDL cholesterol/HDL cholesterol 275 = 0.16° 2.58 = 0.16°
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Racette BS, AJCN, 2010



Impact of intake occasion on cholesterol lowering of single-
dose plant sterol intake

Intake with vs. without a meal enhances the cholesterol lowering effect

TC LDL-Cholesterol

B without meal
B with meal

% reduction

*statistically significant
#100 g serving size taken once a day delivering 2.8 g plant sterols

Doornbos et al., Eur J Clin Nutr, 2006



Colesterolo: un complesso sistema
omeostatico a tre vie
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Captazione
recettoriale delle
LDL plasmatiche
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Assorbire o sintetizzare?

patient-oriented and epidemiological research

Alterations in cholesterol absorption/synthesis markers
characterize Framingham Offspring Study participants
with CHD*

. L, . . steste st T
Nirupa R. Matthan, ** Michael Pencina,** Jane M. LaRocque,* Paul F. Jacques,f
c . § . . -
Ralph B. D’Agostino,** Ernst J. Schaefer,” and Alice H. Lichtenstein*
Cardiovascular Nutrition,* Nutritional Ep1t:lermo1(:1gj_vi,Jr and Lipid Metabolism Laboratories,” Jean Mayer
USDA Human Nutrition Research Center on Aging, Tufts University, Boston MA; and Statistics and

J Lipid Research 2009; 50: 1927-35.



Caratteristiche dei pazienti CHD e dei controlli sani
nella coorte del Framingham offspring Study:
a- profilo lipidico

Varable Cases (N =155) Controls (N =414)

Plasma lipids and lipoproteins (mg/dl)‘

Total cholesterol

Females
Males
All

297.8 + 6.2
193.4+ 3.6
904.7 + 3.4

LDL<holesterol

Females
Males
All

919.4+9.8
198.8 + 2.2
905.7 + 1.8

158.0 + 5.2
123.5 + 3.0
1281+ 2.7

153.9+2.4
126.1 £ 2.0
1288 £ 1.5

HDI-cholesterol

Females
Males

All

54.7+2.1
40.8 + 1.1
45.5+ 1.1

574+ 1.3
445 +0.8
48.7+ 0.8

Triglycerides Females 213.0 £ 40.2
Males 1455 + 8.9
All 167.7 + 14.6

139.9 £5.2
147.3 £ 6.2
144.8 + 45

J Lipid Research 2009; 50: 1927-35.




Caratteristiche dei pazienti CHD e dei controlli sani
nella coorte del Framingham offspring Study:
b- markers di assorbimento e sintesi del colesterolo

Choleste 1()1 synthesis markers

(l() 111111()1; mol of cholesterol)

Squalene

Desmosterol

Females
Males
All
Females
Males
All

36.0 £ 2.6
34.0+1.9
347+ 1.5
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0.31
0.76
0.40
0.15
0.05
0,02

Lathosterol

Females
Males
All

H H+ i+ +

'J-L .
N

109.9
115.9 + 5.8
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0.01
<0.0001
<0.0001

hole ste rol absorption markers

(l() mmol/mol of cholesterol)
Campesterol

Females
Males
All

2209+11.4
232.8 £ 8.8
2089 + 70

183.8 +6.2
201.5+43

195 5 + % 6

0.001

<0.0001
00001

Sitosterol

Females
Males

All

167.7+11.4
169.0 = 7.1
168.6 £ 6.0

151.8 + 5.0
157.7+£ 4.0
149.0 + 3.2

0.001
0.008
<0.0001

Cholestanol

Females
Males

All

143.2 £ 8.5
144.3 £ 6.3
144.0 £ 5.0

154.0 £ 5.0
135.5 + 3.4
135.0 £ 2.8

0.11
0.02
0.006

J Lipid Research 2009; 50: 1927-35.




Odd Ratios di essere un paziente CHD nella coorte del
Framingham offspring Study: ruolo dei markers di
assorbimento e sintesi del colesterolo e dei loro rapporti

Squalene
Desmosterol
Lathosterol

Campesterol
Sitosterol
Cholestanol
Latho/Camp
Latho/Sito

J Lipid Research 2009; 50: 1927-35.




Cholesterol Absorption Markers and CVD:
CRUNGECELEWAE

Study ID SMD (95% Cl), pg/mg

Rajaratnam 2000
Strandberg 2006
Matthan 2009

Silbernagel 2009

D + L Overall

| -\ Overall

%
O

0.00 (-0.38, 038)
0.30 (0.08, 0.52)
0.15 (-0.03, 0.34)

0.16 (0.06, 026)

0.17 (0.09, 0.25)

0.17 (0.09, 0.25)
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|
-0.76 -05 -0.25

Higher levels in controls

Silbernagel G et al, J Am Coll Cardiol, 2013
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Cholesterol Absorption Markers and CVD:
CRUNGECELEWAE

Study ID

SMD (95% Cl), pg/mg

Rajaratnam 2000
Strandberg 2006
Matthan 2009

Silbernagel 2009

D + L Overall

| -\ Overall

0.00 (-0.38, 038)

0.30 (0.08, 0.52)
0.15 (-0.03, 0.34)

0.16 (0.06, 026)

0.17 (0.09, 0.25)

0.17 (0.09, 0.25)

PROCAM study!

| T
-0.76 -05 -025 O 0.5 1

Higher levels in controls Higher levels in CVD cases

Silbernagel G et al, J Am Coll Cardiol, 2013
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Estimated Difference
in LDL Cholesterol
Subgroup No. of Participants (95% Cl) P Value
Total Carriers

European ancestry i

CHD-free controls 4,586 11 - = - -24 (-50to 2)

ARIC 10,754 10 - 6 (-30to 18)

WGHS 22,515 11 I — 1 -11 (-33 to 10)

Subgroup total . e ~13 (-27to 1)
African ancestry l

CHD-free controls and JHS 2,287 7 - - : | -22 (-53 to 10)

ARIC 2,671 8 L IJI -2 [-29 to 25)

Subgroup total —-*:-— -10 (-31 to 10)
All participants et -12 (-23 to -1) 0.04

| 1 T T T T
—45 -10 25
Mean Difference in LDL Cholesterol (mg/dl)
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Inactivating mutation in NPC1L1 and
protection from CHD

Table 3. Association between the Presence of Inactivating Mutations in NPCIL1 and the Risk of Coronary Heart
Disease (CHD).

Inactivating Mutation Mutation Carriers Total Participants Carrier Frequency

With Without With Without Participants
CHD CHD CHD CHD with CHD

number
All mutations®
p-L71RfsX50
p.Q167X
p-A296VfsX57
p.R406X
p.Y483X
c.1681+1G—AT

p.R1325X

The Myocardial Infarction Genetics Consortium Investigators, N Engl J Med 2014




Cholesterol Absorption:
an “unsafe” metabolic avenue?
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Dietary Cholesterol Oxidation Products Accelerate Plaque Destabi-
lization and Rupture Associated with Monocyte Infiltration/Activa-
tion via the MCP-1-CCR2 Pathway in Mouse Brachiocephalic Arter-
ies: Therapeutic Effects of Ezetimibe

Table 3. Plasma lipid peroxide levels

Oxysterol-HFD

Weeks
Vehicle Ezetimibe Vehicle Ezetimibe

Week 4 (before angiotensin II infusion) 1.43+0.07 - 1.56x0.07 - '
Week 5 (1 week after angiotensin I infusion) 2.63%0.53" 1.54+0.18" 3.28%0.59™7 1.66+0.54"
Week 8 (4 week after angiotensin I infusion) 2.58%0.12* 2.04%0.11 2.93%0.21% 2.26%0.16'

Table 4. Oxysterol Levels in the liver at week 8

HFD Oxysterol-HFD

pglg tissue
Vehicle (z=3) Ezetimibe (7=3) Vehicle (z=5) Ezetimibe (7 =3)

2 5+1 31
0 3x1

1+£0
0 11x4

7 a-hydroxy Cholesterol 1+0 2=
7 B-hydroxy Cholesterol 52 =
5a-epoxy Cholesterol 2+0 *
5 B-epoxy Cholesterol 7%1 1=+
6-keto Cholesterol 1+0 0
0
+
+

7-keto Cholesterol 1+0
Total Oxysterols 172 7
Unknown Oxysterols 399 34

1
5
Cholesterol 15,407 £ 4,389 9,242 =695 ¥ 409 <% 1,143
Ratio of mg total oxysterols to g cholesterol 1.34+0.50 0.74+0.04 6.07£1.13% 2.55+0.40"

Sato K et al, J Atheroscl Thromb 2012




Dietary Cholesterol Oxidation Products Accelerate Plaque Destabi-
lization and Rupture Associated with Monocyte Infiltration/Activa-
tion via the MCP-1-CCR2 Pathway in Mouse Brachiocephalic Arter-
ies: Therapeutic Effects of Ezetimibe

gelatinase activity|

HFD Oxysterol-HFD

Vehicle Ezetimibe Vehicle Ezetimibe

Sato K et al, J Atheroscl Thromb 2012



Dietary Cholesterol Oxidation Products Accelerate Plaque Destabi-
lization and Rupture Associated with Monocyte Infiltration/Activa-
tion via the MCP-1-CCR2 Pathway in Mouse Brachiocephalic Arter-
ies: Therapeutic Effects of Ezetimibe

Number of Disrupted/buried Fibrous Caps
P<0.05

Vehicle Ezetimib Vehicle Ezetimibe

HFD ‘ Oxysterol-HFD

Sato K et al, J Atheroscl Thromb 2012



The effect of a low-fat spread with added plant sterols on vascular
function markers: results of the Investigating Vascular Function
Effects of Plant Sterols (INVEST) study'™

Rouyanne T Ras, Dagmar Fuchs, Wieneke P Koppenol, Ursula Garczarek, Arno Greyling, Christian Keicher;
Carole Verhoeven, Hakim Bouzamondo, Frank Wagner, and Elke A Trautwein

Conclusions: The intake of a low-fat spread with added PSs nei-
ther improved nor worsened FMD or other vascular function
markers in hypercholesterolemic men and women. As expected,
serum LDL cholesterol decreased, whereas plasma PSs increased
after PS intake. This study was registered at clinicaltrials.gov as

NCTO1803178. Am J Clin Nutr 2015;101:733-41.
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LDL-c and CRP reduction in clinical trials:
a meta-analysis.

O Statin Only

O Statin + Ezetimibe
O Ezetimibe Only
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Kinlay S et al, J Am Coll Cardiol 2007



Plant sterol enriched diet (2 g/day) reduces sdLDL in
hypercholesterolemic children (4-16 y old) in 6/12 months

Before plant sterols After plant sterols

Control group Hypercholesterolemic group

Garoufi A et al, Ital J Pediatr, 2014



Colesterolo dietetico e rischio di diabete: una
recentissima metanalisi

Author (year) Study Population RR 95% ClI % Weight

Montonen (2005)'® FMCHES Men and women ' 0-85 061, 1-20 7-66

Vang {gm}w AHS and AMS Mean and women . 1-55 0-41, 588 113
Djoussé (2000)'7 WHS Women : 1-51 1-24, 1-83
Djoussé (2000)'7  PHS Men 1-40 129,173
Djoussé (2010)'®  CHS Man 1.50 0.76, 2.06

Djoussé (2010)'®  CHS 0-80 0-25, 1-48

Zazpe (2013)" SUN . 0-41 014,
Kurotani (2014®  JPHC : 1.06 087,
Kurotani (2014)*®  JPHC 0-04,
Djoussé (20157  JHS 0-04,
Ericson (2015  MDC 1.03,
Lajous (2015)%2 E3N

Virtanen (2015)**  KIHD

Overall (two-stage estimation)
Overall (one-stage estimation)

Mote: weights are from random effacts analysis

1
0-25

RR of type 2 diabetes per egg per day

Tamez M et al, Brit J Nutr 2016




Colesterolo: un complesso sistema
omeostatico a tre vie

|
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High basal fractional cholesterol synthesis is
associated with nonresponse of plasma LDL
cholesterol to plant sterol therapy

Fractional cholesterol synthesis (% pool/day)

Low Medium High

ool/d)

-
=
1 hesis (% p

lesterol synthesis (%

-
B

v
o
<
=
.
£
=
o
3]
-
ia
]
=1}
=
<
=
3]
=
-
-
—
X

nal cho

Rt
i
|

Rideout TC et al, Am J Clin Nutr 2010



Cholesterol lowering with plant sterols in fat-
based foods: dose-response relationship

Plant sterol intake (g/day)
0.0 0.5 1 1.5 2 2.5 3 3.5

0] | | . | | | |

isposta bilanciata

Tendenzialmente Assorbitori

-16

% reduction of LDL-cholesterol
(0]

(*) oppure con bassa aderenza alla terapia



% of week 3 values

Low Fat Yogurt Enriched in Plant Stanols Effectively
Lowers LDL-C

Run-in Experimental Wash-out
10? period period period
®
104 ® ®
®

100 ® ®

96 o

92 \m

88

0 2 4 Weeks 6 8

® Control group ® Experimental group

Mensink RP et al, Atherosclerosis, 2002



Cholesterol-lowering effect of plant sterols additive to
healthy diet & lipid-lowering medication

-207
b -

*low in saturated fat and cholesterol
**2-3 g/d of plant sterols in the form of enriched foods

LDL-cholesterol reduction, %

Katan et al Mayo Clin Proc, 2003; Edwards & Moore BMC Family Practice, 2003



Cholesterol-lowering effect of plant sterols additive to
healthy diet & lipid-lowering medication

L 'effetto osservato (-9/10%) equivale
a raddoppiare/quadruplicare la dose
della statina impiegata (regola del 6%)

LDL-cholesterol reduction, %

*low in saturated fat and cholesterol
**2-3 g/d of plant sterols in the form of enriched foods

Katan et al Mayo Clin Proc, 2003; Edwards & Moore BMC Family Practice, 2003



Rischio Cardiovascolare, distanza dal target e approccio
terapeutico appropriato secondo la nota 13 del luglio 2014:
I dati dello studio CHECK

C - Distanza dal target (soggetti non a target, n=2271)

Numerosita

Area del life style
“potenziato”

Area del generico

3,8 milioni

Area dell’efficacia
massimale

I -

L] L] ]
<50050
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i

1499 18 98

L

] L ] L] L] L T Ll Ll L
D - 10,00 15,00 20,00 25,00 30,00 35,00 40,00 45,00 50,00 55,00 60,00 65,00 70,00 75,00
) 24 99 29 99 34,99 30,99 44 99 49,99 54,99 5999 64 .99 59,99 74 99

Distanza percentuale dal target
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Poli A et al., G Ital Arter 2015



Summary and conclusions:

The limited available data indicate that most cells handle
(uptake, esterification, export) plant sterols/stanols in a
similar manner as cholesterol.

In vivo, plant sterols represent ~0.1% of total cellular
sterol; however, most in vitro studies have involved the
use of much higher levels of plant sterols.

Evidence suggests that plant sterols do not affect cellular
cholesterol homeostasis, although further studies are
needed to confirm this.

Some studies indicate mild anti-inflamsmmatory effects of
plant sterols/stanols, but confirmation is required at
‘physiological’ levels of plant sterols.

Plant sterols are not toxic at ‘physiological’ concentrations.

Gylling E et al, Atherosclerosis 2014



Summary and conclusions - 2:

e Daily consumption of foods with added plant sterols and/
or plant stanols in amounts of up to 2 g/day is equally
effective in lowering plasma atherogenic LDL-C levels by
up to 10%. and thus mav be considered as an adjunct to
lifestyle in subjects at all levels of CV risk. At higher daily
intakes (9 g/day), the effects of plant stanols appear more
pronounced, but additional studies are needed to confirm
these results and examine safety at higher doses.

Plant sterols and plant stanols can be efficaciously com-
bined with statins. Verv limited data suagaest plant sterols/
stanols may also lower LDL-C levels in combination with a
fibrate or ezetimibe. In this way, the potential for attain-
ment of LDL-C goals as a function of overall CV risk can be
enhanced.

Enhanced consumption of plant sterols and plant stanols
may be considered as an adjunct to lifestyle and dietary
approaches for modestly reducing elevated plasma tri-
glyceride levels, especially when levels are elevated
before treatment. This needs further study in appropriate
populations with elevated triglycerides.
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