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L’alimentazione	
  per	
  migliori	
  s3li	
  di	
  vita	
  
•  L’Expo	
  riconosce	
  il	
  ruolo	
  fondamentale	
  giocato	
  dall’alimentazione	
  

sulla	
  qualità	
  della	
  vita,	
  intesa	
  non	
  solo	
  come	
  benessere	
  psico-­‐fisico	
  
dell’uomo,	
  ma	
  anche	
  come	
  occasione	
  di	
  socializzazione.	
  Sarà	
  anche	
  
oggeCo	
  di	
  valutazione	
  la	
  streCa	
  interrelazione	
  fra	
  alimentazione	
  e	
  
pra3ca	
  spor3va,	
  in	
  par3colare	
  tenendo	
  conto	
  della	
  diffusione	
  di	
  s3li	
  
di	
  vita	
  sedentari	
  nelle	
  società	
  sviluppate…	
  

•  Le	
  linee	
  di	
  sviluppo	
  di	
  questo	
  soCotema	
  saranno	
  ar3colate	
  su:	
  il	
  
ruolo	
  dell’alimentazione	
  in	
  relazione	
  all’armonia	
  della	
  persona	
  e	
  del	
  
rapporto	
  con	
  il	
  proprio	
  corpo	
  e	
  con	
  gli	
  altri;	
  le	
  abitudini	
  di	
  consumo	
  
alimentare,	
  le	
  innovazioni	
  e	
  le	
  nuove	
  tendenze,	
  come	
  momento	
  di	
  
integrazione	
  e	
  di	
  condivisione	
  sopraCuCo	
  in	
  ambito	
  familiare;	
  la	
  
valorizzazione	
  di	
  comportamen3	
  alimentari	
  correH	
  rispeCo	
  alla	
  
pra3ca	
  spor3va…;	
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Ripar&zione	
  dei	
  nutrien&	
  

•  Proteine 	
   	
  15	
  -­‐	
  20	
  %	
  dell’apporto	
  energe&co	
  totale	
  

•  Lipidi 	
   	
  <30	
  %	
  del	
  totale	
  

! Saturi 	
   	
  <10	
  %	
  

! Monoinsaturi	
  	
  10	
  %	
  

! Polinsaturi 	
  	
  	
  10	
  %	
  
! Colesterolo	
  100	
  mg/1000	
  kcal	
  

•  Carboidra&	
  55-­‐60	
  %	
  del	
  totale	
  
•  Fibre 	
   	
  20	
  g	
  /	
  1000	
  kcal	
  

•  Sodio 	
   	
  <	
  6	
  g/die	
  

•  Acqua 	
   	
  >2	
  litri/die	
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The	
  Atkins	
  diet	
  



La	
  dieta	
  Atkins	
  
Pro	
  
•  Saziante	
  
•  Organizzata	
  

Contro	
  	
  
•  Potenzialmente	
  associata	
  

all’aumento	
  del	
  rischio	
  
cardiovascolare	
  (grassi	
  e	
  proteine	
  
animali)	
  

•  RestriHva	
  
•  Difficile	
  da	
  sostenere	
  nel	
  tempo	
  
•  Lontana	
  dalle	
  linee	
  guida	
  nutrizionali	
  
•  Sconsigliata	
  a	
  pazien3	
  con	
  calcolosi	
  

renale,	
  gestan3,	
  mamme	
  che	
  
allaCano	
  

•  EffeH	
  collaterali:	
  cefalea,	
  s3psi,	
  
debolezza,	
  …	
  



La	
  dieta	
  Ornish	
  
•  E’	
  una	
  dieta	
  vegetariana	
  
•  E’	
  iperglucidica	
  (70%En	
  da	
  

carboidra3,	
  non	
  semplici)	
  e	
  
ipolipidica	
  (10%	
  En)	
  

•  Non	
  implica	
  restrizione	
  calorica	
  
•  Ha	
  un	
  rapporto	
  alimen3:calorie	
  

più	
  elevato	
  	
  rispeCo	
  ad	
  altre	
  diete	
  
•  Viene	
  associata	
  ad	
  aHvità	
  fisica	
  

regolare	
  e	
  alla	
  riduzione	
  dello	
  
stress	
  

•  E’	
  molto	
  restriHva	
  
•  Non	
  è	
  indicata	
  per	
  alcune	
  

condizioni	
  par3colari	
  (età	
  
pediatrica,	
  gravidanza,	
  
allaCamento,	
  anziano)	
  



Leading Anti-Inflammatory Nutrition Since 1995 



Weight	
  Watchers	
  

•  Successful	
  life3me	
  member	
  (successful	
  
program	
  completer)	
  

•  Low-­‐calorie,	
  exchange	
  diet;	
  clients	
  prepare	
  
own	
  meals	
  

•  “Get	
  Moving”	
  booklet	
  distributed	
  
•  Behavioral	
  weight	
  control	
  methods	
  
•  Group	
  sessions,	
  weekly	
  mee3ngs	
  



Method:	
  	
  
Data	
  was	
  obtained	
  from	
  the	
  WW	
  NHS	
  Referral	
  Scheme	
  database	
  for	
  29,326	
  referral	
  
courses	
  started	
  aper	
  2nd	
  April	
  2007	
  and	
  ending	
  before	
  6th	
  October	
  2009	
  [90%	
  female;	
  
median	
  age	
  49	
  years	
  (IQR	
  38	
  -­‐	
  61	
  years);	
  median	
  BMI	
  35.1	
  kg/m2	
  (IQR	
  31.8	
  -­‐	
  39.5	
  kg/
m2	
  .	
  	
  
Par3cipants	
  received	
  vouchers	
  (funded	
  by	
  the	
  PCT	
  following	
  referral	
  by	
  a	
  healthcare	
  
professional)	
  to	
  aCend	
  12	
  WW	
  mee3ngs.	
  Body	
  weight	
  was	
  measured	
  at	
  WW	
  mee3ngs	
  
and	
  relayed	
  to	
  the	
  central	
  database.	
  
Results:	
  
Median	
  weight	
  change	
  for	
  all	
  referrals	
  was	
  -­‐2.8	
  kg	
  [IQR	
  -­‐5.9	
  -­‐	
  -­‐0.7	
  kg]	
  represen3ng	
  
-­‐3.1%	
  ini3al	
  weight.	
  
33%	
  of	
  all	
  courses	
  resulted	
  in	
  loss	
  of	
  ≥5%	
  ini3al	
  weight.	
  54%	
  of	
  courses	
  were	
  
completed.	
  Median	
  weight	
  change	
  for	
  those	
  comple3ng	
  a	
  first	
  course	
  was	
  -­‐5.4	
  kg	
  [IQR	
  
-­‐7.8	
  -­‐	
  -­‐3.1	
  kg]	
  or	
  -­‐5.6%	
  of	
  ini3al	
  weight.	
  	
  
57%	
  lost	
  ≥5%	
  ini3al	
  weight.	
  
Conclusions:	
  A	
  third	
  of	
  all	
  pa3ents	
  who	
  were	
  referred	
  to	
  WW	
  through	
  the	
  WW	
  NHS	
  
Referral	
  Scheme	
  and	
  started	
  a	
  12	
  session	
  course	
  achieved	
  ≥5%	
  weight	
  loss,	
  which	
  is	
  
usually	
  associated	
  with	
  clinical	
  benefits.	
  	
  



Objec&ve	
  	
  
To	
  assess	
  adherence	
  rates	
  and	
  the	
  effec3veness	
  of	
  4	
  popular	
  diets	
   (Atkins,	
  Zone,	
  Weight	
  
Watchers,	
  and	
  Ornish)	
  for	
  weight	
  loss	
  and	
  cardiac	
  risk	
  factor	
  reduc3on.	
  
	
  
Design,	
  SeSng,	
  and	
  Par&cipants	
  	
  
A	
   single-­‐center	
   randomized	
   trial	
   at	
   an	
   academicmedical	
   center	
   in	
   Boston,	
   Mass,	
   of	
  
overweight	
  or	
  obese	
  (body	
  mass	
  index:	
  mean,	
  35;	
  range,	
  27-­‐42)	
  adults	
  aged	
  22	
  to	
  72	
  years	
  
with	
   known	
   hypertension,	
   dyslipidemia,	
   or	
   fas3ng	
   hyperglycemia.	
   Par3cipants	
   were	
  
enrolled	
  star3ng	
  July	
  18,	
  2000,	
  and	
  randomized	
  to	
  4	
  popular	
  diet	
  groups	
  un3l	
  January	
  24,	
  
2002.	
  
	
  
Interven&on	
  	
  
A	
   total	
   of	
   160	
   par3cipants	
   were	
   randomly	
   assigned	
   to	
   either	
   Atkins	
   (carbohydrate	
  
restric3on,	
   n=40),	
   Zone	
   (macronutrient	
   balance,	
   n=40),	
   Weight	
   Watchers	
   (calorie	
  
restric3on,	
  n=40),	
  or	
  Ornish	
  (fat	
  restric3on,	
  n=40)	
  diet	
  groups.	
  Aper	
  2	
  months	
  of	
  maximum	
  
effort,	
  par3cipants	
  selected	
  their	
  own	
  levels	
  of	
  dietary	
  adherence.	
  







Conclusion	
  
Each	
  popular	
  diet	
  modestly	
  reduced	
  body	
  weight	
  and	
  
several	
   cardiac	
   risk	
   factors	
   at	
   1	
   year.	
   Overall	
   dietary	
  
adherence	
   rates	
   were	
   low,	
   although	
   increased	
  
adherence	
   was	
   associated	
   with	
   greater	
   weight	
   loss	
  
and	
  cardiac	
  risk	
  factor	
  reduc&ons	
  for	
  each	
  diet	
  group.	
  



•  Higher	
  protein	
  intake	
  (15	
  %	
  En	
  vs	
  19-­‐35	
  %	
  found	
  in	
  hunter-­‐
gatherer	
  diets).	
  	
  

•  Lower	
  carbohydrate	
  intake	
  and	
  lower	
  glycemic	
  index	
  (fresh	
  fruits	
  
and	
  vegetables	
  represent	
  the	
  main	
  carbohydrate	
  source	
  and	
  will	
  
provide	
  for	
  35-­‐45	
  %	
  of	
  your	
  daily	
  calories).	
  	
  

•  Higher	
  fiber	
  intake	
  
•  Moderate	
  to	
  higher	
  fat	
  intake	
  (MUFA	
  and	
  PUFA)	
  
•  Higher	
  potassium	
  and	
  lower	
  sodium	
  intake	
  
•  Net	
  dietary	
  alkaline	
  (fruits	
  and	
  veggies)	
  load	
  that	
  balances	
  dietary	
  

acid	
  (meats,	
  fish,	
  grains,	
  legumes,	
  cheese,	
  and	
  salt)	
  
•  Higher	
  intake	
  of	
  vitamins,	
  minerals,	
  an3oxidants,	
  and	
  plant	
  

phytochemicals.	
  
•  Lower	
  intake	
  of	
  calcium	
  



La	
  dieta	
  senza	
  glu3ne	
  
•  Unica	
  terapia	
  ad	
  oggi	
  della	
  celiachia,	
  è	
  stata	
  adoCata	
  anche	
  

da	
  chi	
  vuole	
  perdere	
  peso	
  
•  Non	
  vi	
  sono	
  evidenze	
  a	
  supporto	
  di	
  tale	
  effeCo	
  
•  Pro	
  

–  Limita	
  l’assunzione	
  di	
  carboidra3	
  e	
  incoraggia	
  il	
  consumo	
  di	
  
fruCa	
  e	
  verdura	
  

•  Contro	
  
–  Si	
  associa	
  a	
  possibili	
  carenze	
  (fibra,	
  ferro,	
  fola3)	
  
–  E’	
  difficile	
  da	
  seguire	
  nel	
  tempo	
  
–  Prevede	
  l’uso	
  di	
  alimen3	
  equivalen3	
  dal	
  punto	
  di	
  vista	
  
energe3co	
  a	
  quelli	
  tradizionali	
  ma	
  più	
  costosi	
  

–  La	
  diffusione	
  di	
  questo	
  regime	
  alimentare	
  potrebbe	
  contribuire	
  
a	
  mascherare	
  diagnosi	
  di	
  celiachia	
  



La	
  dieta	
  del	
  pompelmo(1000kcal/d)	
  
•  Breakfast:	
  Two	
  boiled	
  eggs,	
  two	
  slices	
  

of	
  bacon,	
  and	
  ½	
  grapefruit	
  or	
  8	
  ounces	
  
of	
  grapefruit	
  juice.	
  

•  Lunch:	
  Salad	
  with	
  dressing,	
  any	
  meat	
  in	
  
any	
  amount,	
  and	
  ½	
  grapefruit	
  or	
  8	
  
ounces	
  of	
  grapefruit	
  juice.	
  

•  Dinner:	
  Any	
  kind	
  of	
  meat	
  prepared	
  any	
  
way,	
  salad	
  or	
  red	
  and	
  green	
  vegetables,	
  
coffee	
  or	
  tea,	
  and	
  ½	
  grapefruit	
  or	
  8	
  
ounces	
  of	
  grapefruit	
  juice.	
  

•  Bed3me	
  Snack:	
  8	
  ounces	
  of	
  skim	
  milk.	
  

Fortemente	
  ipocalorica,	
  ipoglucidica,	
  iperproteica	
  
(VLC,	
  low	
  carb,	
  high	
  prot)	
  
Scopo:	
  perdere	
  peso	
  rapidamente	
  	
  (fino	
  a	
  3-­‐4	
  kg	
  in	
  
12	
  giorni)	
  sfruCando	
  gli	
  enzimi	
  ‘bruciagrassi’	
  
contenu3	
  nel	
  pompelmo	
  
A	
  favore	
  
• Risulta3	
  incoraggian3	
  in	
  breve	
  tempo	
  
• Il	
  pompelmo	
  è	
  ricco	
  di	
  vitamina	
  C	
  
Contro	
  
• 	
  Non	
  esistono	
  evidenze	
  scien3fiche	
  a	
  supporto	
  
dell’effeCo	
  ‘bruciagrassi’	
  del	
  pompelmo	
  
• Perdita	
  di	
  liquidi	
  piuCosto	
  che	
  di	
  massa	
  grassa	
  
(rapida	
  ripresa	
  dei	
  chili	
  persi)	
  
• Non	
  è	
  previsto	
  il	
  controllo	
  del	
  peso	
  nel	
  tempo	
  
• Monotonia	
  ed	
  eliminazione	
  di	
  mol3	
  alimen3	
  
• Interazioni	
  pompelmo-­‐farmaci	
  (liveli	
  di	
  CYP3A4	
  
ridoH	
  del	
  47%	
  a	
  2	
  ore).	
  Es.	
  Sta3ne	
  e	
  an3staminici.	
  



Chudnovskiy	
  R,	
  Thompson	
  A,	
  Tharp	
  K,	
  Hellerstein	
  M,	
  et	
  al.	
  (2014)	
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  of	
  Clarified	
  Grapefruit	
  Juice	
  Ameliorates	
  High-­‐Fat	
  Diet	
  Induced	
  
Insulin	
  Resistance	
  and	
  Weight	
  Gain	
  in	
  Mice.	
  PLoS	
  ONE	
  9(10):	
  e108408.	
  doi:10.1371/journal.pone.0108408	
  
hCp://www.plosone.org/ar3cle/info:doi/10.1371/journal.pone.0108408	
  

Mice	
  were	
  fed	
  a	
  HFD	
  for	
  6	
  wk	
  star3ng	
  at	
  4	
  wk	
  old.	
  Animals	
  were	
  then	
  divided	
  randomly	
  into	
  
control	
  and	
  GFJ	
  groups	
  (day	
  0)	
  and	
  HFD	
  feeding	
  was	
  con3nued	
  an	
  addi3onal	
  56	
  d:	
  A)	
  cumula3ve	
  
liquid	
  consump3on;	
  B)	
  cumula3ve	
  food	
  consump3on;	
  C)	
  total	
  body	
  weights;	
  D)	
  blood	
  glucose.	
  
	
  
	
  

Mice	
  fed	
  a	
  high-­‐fat	
  diet	
  and	
  cGFJ	
  experienced	
  a	
  18.4%	
  decrease	
  in	
  weight,	
  a	
  13–17%	
  
decrease	
  in	
  fas3ng	
  blood	
  glucose,	
  a	
  three-­‐fold	
  decrease	
  in	
  fas3ng	
  serum	
  insulin,	
  and	
  a	
  
38%	
  decrease	
  in	
  liver	
  triacylglycerol	
  values,	
  compared	
  to	
  controls.	
  	
  



Detox	
  diets	
  
•  Detox	
   diets	
   are	
   marke3ng	
   myth	
   rather	
   than	
  
nutri3onal	
   reality.	
   They	
   sound	
   like	
   a	
   great	
  
concept	
   and	
   it	
   would	
   be	
   fabulous	
   if	
   they	
   really	
  
delivered	
   all	
   that	
   they	
   promised!	
   Unfortunately,	
  
many	
   of	
   the	
   claims	
   made	
   by	
   detox	
   diet	
  
promoters	
  are	
  exaggerated,	
  not	
  based	
  on	
  robust	
  
science	
  and	
  any	
  benefit	
  short	
  lived.	
  	
  

•  While	
   they	
  may	
   encourage	
   some	
  posi3ve	
   habits	
  
like	
  ea3ng	
  more	
  fruit	
  and	
  vegetables,	
  it’s	
  best	
  to	
  
enjoy	
   a	
   healthy,	
   varied	
   diet	
   and	
   ac3ve	
   lifestyle	
  
rather	
  than	
  following	
  a	
  detox	
  diet.	
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The	
  blood	
  type	
  diet	
  
•  Premise	
  
•  The	
  foods	
  you	
  eat	
  react	
  chemically	
  with	
  your	
  blood	
  type.	
  If	
  you	
  follow	
  a	
  diet	
  designed	
  for	
  your	
  

blood	
  type,	
  your	
  body	
  will	
  digest	
  food	
  more	
  efficiently.	
  You'll	
  lose	
  weight,	
  have	
  more	
  energy,	
  and	
  
help	
  prevent	
  disease.	
  

•  Does	
  It	
  Work?	
  
•  What	
  You	
  Can	
  Eat	
  
•  Type	
  O	
  blood:	
  A	
  high-­‐protein	
  diet	
  heavy	
  on	
  lean	
  meat,	
  poultry,	
  fish,	
  and	
  vegetables,	
  and	
  light	
  on	
  

grains,	
  beans,	
  and	
  dairy.	
  	
  
•  Type	
  A	
  blood:	
  A	
  meat-­‐free	
  diet	
  based	
  on	
  fruits	
  and	
  vegetables,	
  beans	
  and	
  legumes,	
  and	
  whole	
  

grains	
  -­‐-­‐	
  ideally,	
  organic	
  and	
  fresh	
  
•  Type	
  B	
  blood:	
  Avoid	
  corn,	
  wheat,	
  buckwheat,	
  len3ls,	
  tomatoes,	
  peanuts,	
  and	
  sesame	
  seeds.	
  	
  

Chicken	
  is	
  also	
  problema3c.	
  Ea3ng	
  green	
  vegetables,	
  eggs,	
  certain	
  meats,	
  and	
  low-­‐fat	
  dairy	
  is	
  
encouraged.	
  

•  Type	
  AB	
  blood:	
  Foods	
  to	
  focus	
  on	
  include	
  tofu,	
  seafood,	
  dairy,	
  and	
  green	
  vegetables.	
  
Avoid	
  caffeine,	
  alcohol,	
  and	
  smoked	
  or	
  cured	
  meats.	
  

•  Cons	
  
•  There	
  haven't	
  been	
  any	
  studies	
  directly	
  comparing	
  weight	
  loss	
  and	
  health	
  in	
  people	
  who	
  were	
  on	
  

the	
  diet	
  against	
  those	
  who	
  weren't.	
  
•  Only	
  one	
  study	
  has	
  evaluated	
  this	
  kind	
  of	
  diet.	
  It	
  found	
  that	
  people	
  with	
  certain	
  blood	
  types	
  got	
  

more	
  of	
  a	
  cholesterol-­‐lowering	
  benefit	
  from	
  ea3ng	
  a	
  low-­‐fat	
  diet.	
  	
  



The	
  ATTICA	
  study	
  

•  Mediterranean	
  diet	
  decreased	
  10-­‐year	
  CVD	
  
risk	
  in	
  the	
  en3re	
  cohort,	
  as	
  well	
  among	
  
smokers,	
  sedentary	
  and	
  obese	
  subjects	
  

•  Mediterranean	
  diet	
  decreased	
  CRP	
  and	
  IL-­‐6	
  
levels,	
  but	
  s3ll	
  had	
  a	
  direct	
  effect	
  on	
  CVD	
  risk	
  

•  The	
  level	
  of	
  adherence	
  to	
  the	
  Mediterranean	
  
diet	
  was	
  modest	
  

Panagiotakos	
  D	
  et	
  al.,	
  the	
  ATTICA	
  Study	
  group,	
  Exploring	
  the	
  path	
  of	
  Mediterranean	
  diet	
  on	
  
10-­‐year	
   incidence	
   of	
   cardiovascular	
   disease:	
   The	
   ATTICA	
   study	
   (2002-­‐2012),	
   Nutri3on,	
  
Metabolism	
  and	
  Cardiovascular	
  Diseases	
  (2014),	
  doi:	
  10.1016/	
  j.numecd.2014.09.006.	
  



The	
  ATTICA	
  study	
  

Panagiotakos	
  D	
  et	
  al.,	
  the	
  ATTICA	
  Study	
  group,	
  Exploring	
  the	
  path	
  of	
  Mediterranean	
  diet	
  on	
  
10-­‐year	
   incidence	
   of	
   cardiovascular	
   disease:	
   The	
   ATTICA	
   study	
   (2002-­‐2012),	
   Nutri3on,	
  
Metabolism	
  and	
  Cardiovascular	
  Diseases	
  (2014),	
  doi:	
  10.1016/	
  j.numecd.2014.09.006.	
  



Macronutrient	
  profiles	
  of	
  popular	
  diets,	
  the	
  OmniHeart	
  and	
  Dietary	
  Approaches	
  
to	
   Stop	
   Hypertension	
   (DASH)	
   study	
   diets,	
   the	
   American	
   Heart	
   Associa3on	
  
Therapeu3c	
   Lifestyle	
   (AHA	
   TLC)	
   guidelines,	
   and	
   typical	
   US	
   macronutrient	
  
intakes	
   as	
   reported	
   in	
   the	
   third	
   Health	
   and	
   Nutri3on	
   Examina3on	
   Survey	
  
(NHANES	
  III).	
  

de	
  Souza	
  RJ	
  et	
  al.,	
  Am	
  J	
  Clin	
  Nutr.	
  2008	
  Jul;88(1):1-­‐11.	
  



Comparison	
  of	
  the	
  calculated	
  macronutrient	
  profiles	
  (mean	
  ±	
  SEM)	
  of	
  various	
  
diet	
   plans	
   with	
   the	
   Ins3tute	
   of	
   Medicine's	
   Acceptable	
   Macronutrient	
  
Distribu3on	
   Ranges	
   (AMDR).	
   Solid	
   horizontal	
   lines	
   represent	
   the	
   upper	
   and	
  
lower	
   limits	
   of	
   the	
   AMDR	
   for	
   the	
   macronutrient.	
  ■,	
   exceeds	
   the	
   AMDR;	
   ,	
  
meets	
  the	
  AMDR;	
  □,	
  failed	
  to	
  reach	
  the	
  minimum	
  AMDR.	
  

de	
  Souza	
  RJ	
  et	
  al.,	
  Am	
  J	
  Clin	
  Nutr.	
  2008	
  Jul;88(1):1-­‐11.	
  



Typical	
   faCy	
   acid	
   profiles	
   of	
   popular	
   diet	
   sand	
   typical	
   US	
   macronutrient	
   intakes	
   as	
  
reported	
   in	
   the	
   third	
   Health	
   and	
   Nutri3on	
   Examina3on	
   Survey	
   (NHANES	
   III)	
   as	
  
“reference	
  points.”	
   Solid	
   horizontal	
   line	
   represents	
   the	
   7%	
  upper	
   level	
   of	
   intake	
   for	
  
saturated	
  fat	
  proposed	
  by	
  the	
  AHA.	
  

de	
  Souza	
  RJ	
  et	
  al.,	
  Am	
  J	
  Clin	
  Nutr.	
  2008	
  Jul;88(1):1-­‐11.	
  



Grassi alimentari e infiammazione 

- Infiammazione + Infiammazione 

   Acidi grassi omega-3    Acidi grassi insaturi a 
conformazione trans 

Acidi grassi omega-6 (?)   Acidi grassi saturi (?) 

Acidi grassi monoinsaturi o 
polifenoli dell’EVOO (?) 
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relazione al rischio coronarico 

I dati epidemiologici 
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Cardiovascular event-free survival among 
apparently healthy individuals according to 

baseline CRP levels 

Data are shown using population-based quintiles for CRP (left) and using 
3 simple clinical cut-points for CRP, <1, 1 to 3, and >3 mg/L (right)  

Ridker PM, Circulation 2003 
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Inflammation in young adulthood is associated 
with myocardial infarction later in life 

Discussion
In the present study, we found that an elevated ESR in

young adulthood was associated with increased risk of
MI later in life. The relationship was dose dependent
and independent of risk factors for MI assessed at
baseline. The association was also independent of
diseases related to ESR at baseline, suggesting that the
ESR level may reflect the grade of atherosclerosis in
healthy young individuals.
Evidence from previous studies suggests that signs of

early atherosclerosis are present during childhood.
Napoli and colleagues27 found fatty streaks before 3
years of age in children who died of trauma and other
causes early in life. The Pathobiological Determinants of
Atherosclerosis in Youth (PDAY) study has provided
further insights by studying arterial samples healthy
individuals who died prematurely of external causes.
Even in the youngest group, aged 15 to 19 years,
atherosclerotic changes were present in all subjects
investigated. The surface area affected by atherosclerosis
and the severity of lesions were increased by earlier
exposure to traditional CVD risk factors4,5 and were more
pronounced in the older compared with the younger
subgroups.6,7 These observations supports the hypothe-
ses that atherosclerosis is a continuous process beginning
early in life.
Besides the fact that most participants in the present

study likely had atherosclerotic changes at the time
when the ESR was measured, there is also a large body
of evidence showing that inflammation is a key feature
in early stages of the development of atherosclero-
sis.28,29 Erythrocyte sedimentation rate is an indirect

measure of inflammation, and the relationship between
ESR and coronary atherosclerosis has previously been
examined in older patients with known ischemic heart
disease. ESR was found to be strongly associated with
the extent of coronary atherosclerosis11,12 and with
cardiac mortality.12,20 Also, in young individuals, levels
of C-reactive protein, as a measure of inflammation,
were associated with severity of coronary atheroscle-
rotic lesions.10

Because ESR is a nonspecific marker of inflammation,
we cannot exclude the possibility that diseases other than
early atherosclerosis at baseline could influence ESR and
confound the association with MI. However, all men in
this study were carefully investigated by a physician for
different diseases at baseline. As expected, severe
diseases with inflammatory properties were rare in this
young cohort and did not significantly influence the
association between ESR and MI.
Given that almost all MIs are caused by arteriosclerosis,1

the most likely explanation for the observed association
between ESR and MI is through progression of atheroscle-
rotic changes. Both ESR19-22 and C-reactive protein13-18

independently predict cardiac events in middle- and old-
aged individuals. The results presented here extend
previous findings because we are now able to show that
ESR already in young adults is associated with the risk of
MIs later in life.
The results of the present study are of particular interest

with respect to preventive efforts aimed at reducing
cardiovascular morbidity and mortality. Myocardial in-
farctions are caused largely by environmental factors that
can be reduced by lifestyle changes and medications.

Figure 3

Hazard ratios and CIs of MI according to ESR groups. Characteristics of each group are shown in Table II. A, Basic adjustments. Model adjusted
for age, place, and year of conscription and EVF. B, Full adjustments. In addition to adjustments in model A also adjusted for body mass index,
systolic blood pressure, education, and diseases at baseline.

Toss, Nordström, and Nordström 167
American Heart Journal
Volume 165, Number 2

Toss F et al, Am Heart J 2013 

Campione: circa 433.000 giovani maschi svedesi, di età 18-22 anni, seguiti in media per 35 anni. 



HDL and CRP interaction in post-MI patients:  
a highly complex risk profile 

Corsetti JP L et al, ATVB, 2010 



Structure of cis and trans Fatty Acids 

C
O 
OH 

cis double bond: oleic acid 

H 

H 
C

O 
OH 

trans double bond: elaidic acid 

H H 



Effects of SAT, trans MONO, cis MONO, and cis POLY 
Fatty Acids on LDL and HDL Cholesterol 

Values obtained by meta-analysis of 32 controlled dietary trials in humans 
Zock, 1997 
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Trans Fatty Acids Impair Endothelial Function 



Intake of trans fatty acids with chain lengths of 16 or 18 carbon atoms 
in seven countries: assessment by chemical analysis in 1987 of diet as 

reported in 1960 (De Vries et al. 1997).  
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Systematic review of saturated fatty acids on inflammation
and circulating levels of adipokines

Susana Santosa,⁎, Andreia Oliveiraa, b, Carla Lopesa, b
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Diet is one factor that plays a part in coronary heart disease risk through multiple biological
mechanisms including subclinical inflammation. In this review, we aimed to systematically
assess and summarize evidence regarding the association of saturated fatty acids (SFAs)
with inflammatory markers and adipokines. An electronic search of the literature was
conducted up to September 2010 using Medline, Scopus, Web of Science, and Science Direct
(updated from September 2010 to August 2011 through Medline). Original studies that were
written in Portuguese, English, Spanish, or French, and addressed the effects of SFA (not
dietary sources or SFA-rich diets) on inflammatory markers or adipokines in adult
populations were considered eligible. Data from 15 studies providing adjusted estimates
were extracted. The publication year varied from 1995 to 2010 and the sample size from 54 to
4900. Most studies were cross sectional, with 3 studies using a prospective design. Twelve
studies assessed total SFA, and 3 studies considered their subtypes, which were measured
through dietary assessments (11 studies) or in blood samples (4 studies). Significant positive
associations were observed between SFA and soluble intercellular adhesion molecule-1 and
interleukin-6, whereas no significant associations were observed with E-selectin, tumor
necrosis factor α, granulocyte-macrophage colony-stimulating factor, fibrinogen, and
adiponectin. For high-sensitivity C-reactive protein, 2 studies showed significant positive
associations, whereas 3 studies reported no significant associations. One study reported a
significant inverse association of SFA with leptin, although the other 3 found no significant
associations. Based on this systematic review, a potential positive association of SFA with
high-sensitivity C-reactive protein but not with adipokines is suggested, which should be
confirmed by future research.

© 2013 Elsevier Inc. All rights reserved.
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Based on this systematic review, a potential positive association  
of SFA with high-sensitivity C-reactive protein,  

but not with adipokines, is suggested,  
which should be confirmed by future research. 
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Dairy product consumption does not exert adverse effects  
on biomarkers of inflammation in overweight or obese adults.  
Several methodologic factors and limitations among existing  

studies do not allow differentiation between a beneficial 
 or neutral impact of dairy products on inflammation. 

Impact of dairy products on biomarkers of inflammation: a systematic
review of randomized controlled nutritional intervention studies in
overweight and obese adults1–3

Marie-Ève Labonté, Patrick Couture, Caroline Richard, Sophie Desroches, and Benoı̂t Lamarche

ABSTRACT
Background: Recent data from cross-sectional studies suggest that
consumption of dairy products is inversely associated with low-grade
systemic inflammation, but a cause-and-effect relation can be con-
firmed only with results from randomized controlled trials.
Objective: We reviewed the results of randomized controlled nutri-
tional intervention studies that have assessed the impact of dairy
product consumption (ie, milk, yogurt, and/or cheese) on biomarkers
of inflammation in adults (aged $18 y).
Design: We performed a systematic literature search in PubMed in
April 2012, which was limited to randomized controlled trials in hu-
mans published in English. Studies that included pregnant or lactating
women or that did not include a low-dairy control intervention were
excluded.
Results: Eight trials that were conducted in overweight or obese
adults were included in the review. The only study that had identified
change in the inflammatory profile as its primary outcome measure
showed that dairy food consumption improved pro- and antiinflamma-
tory biomarker concentrations compared with the low-dairy control
diet. Three of the 7 studies in which inflammation was a secondary
or undefined outcome showed improvement in key inflammatory
biomarkers, ie, C-reactive protein, IL-6, or TNF-a after dairy product
consumption, whereas the other 4 studies showed no effect.
Conclusions: Dairy product consumption does not exert adverse
effects on biomarkers of inflammation in overweight or obese
adults. Several methodologic factors and limitations among exist-
ing studies do not allow differentiation between a beneficial or
neutral impact of dairy products on inflammation. Further studies
specifically designed to assess inflammation-related outcomes are
warranted. Am J Clin Nutr 2013;97:706–17.

INTRODUCTION

Low-grade systemic inflammation is now considered a key
etiologic factor in the development and progression of several
multifactorial disorders including atherosclerosis (1), metabolic
syndrome (MetS)4 (2, 3), type 2 diabetes (4–6), and cardiovas-
cular diseases (7). Elevated plasma concentrations of C-reactive
protein (CRP) and of the proinflammatory cytokines TNF-a and
IL-6 have been associated with an increased risk of cardiovas-
cular disease (8–13). From a mechanistic perspective, chemokines
such as monocyte chemoattractant protein-1 (MCP-1) have been
shown to mediate recruitment of monocytes at sites of vascular
inflammation, thereby promoting atherosclerosis (14). On the

other hand, proteins such as adiponectin have antiinflammatory
and antiatherogenic properties (15, 16).

In addition to age (17), sex (18), obesity (19), smoking habits
(20), alcohol consumption (21), and physical activity (22), in-
creasing evidence suggests that diet plays a major role in the
modulation of the inflammatory profile (23). The extensive and
detailed review fromCalder et al (23) has shown that food groups or
nutrients that are part of a healthy diet, including fruit and vege-
tables, whole grains, fish, fiber, omega-3 (n–3) fatty acids, vitamin
C, vitamin E, and carotenoids, may protect against low-grade
systemic inflammation. In contrast, SFAs and trans fatty acids,
as well as dietary patterns characterized by high intakes of red
and processed meats, sweets, soft drinks, fried snacks, or refined
grains have been shown to promote a proinflammatory state (23).
Whereas diet composition has been shown to modify pro- and
antiinflammatory processes through many mechanisms in different
cell types including adipocytes (24) and peripheral blood mono-
nuclear cells (25), more studies on this topic are clearly warranted
(26).

Recent cross-sectional studies suggest that the consumption of
dairy products is inversely associated with low-grade systemic
inflammation (27–29). Indeed, Panagiotakos et al (28) have shown
in the ATTICA study that CRP, IL-6, and TNF-a concentrations in
individuals consuming .14 servings of dairy products/wk (ie, .2
servings/d) were, respectively, 29%, 9%, and 20% lower than
those in individuals consuming ,8 servings/wk (#1 serving/d).
This inverse association was independent of potential confounders
such as age, sex, smoking, physical activity, BMI, and other
dietary factors.

The cross-sectional nature of these studies precludes definite
conclusions on the cause-and-effect relation between dairy food

1 From the Institute of Nutrition and Functional Foods, Laval University,
Quebec, Canada (M-ÈL, PC, CR, SD, and BL), and the Lipid Research Center,
Centre Hospitalier Universitaire de Québec, Quebec, Canada (PC).

2 No funding was received for this study.
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tute of Nutrition and Functional Foods, Laval University, 2440, Boulevard
Hochelaga, Quebec, QC, Canada G1V 0A6. E-mail: benoit.lamarche@fsaa.
ulaval.ca.

4 Abbreviations used: CRP, C-reactive protein; hs-CRP, high-sensitivity
C-reactive protein; MCP-1, monocyte chemoattractant protein 1; MetS, meta-
bolic syndrome; s-TNFR, soluble TNF-a receptor.
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Biomarkers of inflammation and endothelial 
dysfunction and trans fatty acid intake in 

the Nurses’ Health Study (1986-1990)  

* P for trend of medians in each quintiles 

Lopez-Garcia, J Nutr 2005 

Quintile  n  CRP mg/L  IL-6 ng/L  E-selectin ng/L  

Trans fatty acids 

(range; g/d) 

Q1 (0.61-1.87)  147 1.1 (0.9, 1.3) 1.8 (1.6, 2.0) 41.8 (39.0, 44.9) 

Q2 (1.88-2.26)  145 1.3 (1.1, 1.6)  1.7 (1.5, 2.0) 41.9 (39.0, 45.0) 

Q3 (2.27-2.64)  146 1.5 (1.3, 1.8)  1.8 (1.6, 2.0) 41.9 (39.0, 45.0) 

Q4 (2.65-3.13)  146 1.7 (1.4, 2.0)  1.9 (1.7, 2.2) 45.1 (42.0, 48.4) 

Q5 (3.14-7.58)  146 1.9 (1.6, 2.3)  2.1 (1.8, 2.3) 50.3 (46.8, 54.0) 

P for trend*    <0.001  0.02 <0.001 
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Mozaffarian & Rimm, JAMA 2006 



Inflammatory Markers and Daily Fish Consumption 
in 1,514 men (18 - 87 years)and 1,528 women  
(18 - 89 years) from the ATTICA study 

A Zampelas et al; J Am Coll Cardiol 2005; 46:120–4 

Participants (%) 
CRP (mg/L) 
IL-6 (ng/L) 
TNF-alfa (mg/dL) 
Amyloid A (mg/dL) 
WBC (.000) 

No fish 



Reinders I et al., Eur J Clin Nutr 2012 

CRP concentration and plasma omega-3 
quartiles in 1,400 finnish men 



Naqvi AZ et al, JADA, 2011 

Terzili di apporto dei vari Omega 3 e PCR: 
uno studio osservazionale su 9.000 adulti   



Biochemical Pathways of Arachidonic Acid (ω-6) 
and Eicosapentenoic Acid (ω-3)  

Arachidonic acid 
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Biochemical Pathways of Arachidonic Acid (ω-6) 
and Eicosapentenoic Acid (ω-3)  
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Common metabolic pathways  
of n-3 and n-6 fatty acids 

20:4 n-6 
Arachidonic 20:5 n-3 

EPA 

22:5 n-3 
DHA 



Ferrucci L et al, J Clin Endocrinol Metab 2006 

Plasma Polyunsaturated Fatty Acids and 
Circulating Inflammatory Markers in 1.123 free 
living subjects aged 20-98 (InCHIANTI study) 
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Effect of Dietary Linoleic Acid on Markers of
Inflammation in Healthy Persons: A Systematic
Review of Randomized Controlled Trials
Guy H. Johnson, PhD; Kevin Fritsche, PhD

THE EFFECTS OF DIETARY LIPIDS ON CARDIOVASCULAR
disease (CVD) and other chronic health conditions have
long been an important consideration in the
development of dietary guidelines in the United States

and other countries. The 2010 Dietary Guidelines for Ameri-
cans1 recommend that monounsaturated and polyunsatu-
rated (PUFA) fats be substituted for saturated fats in diets.
There is currently much consistency among recommenda-
tions from government and professional organizations that
both n-6 and n-3 classes of PUFAs are desirable, and that lino-
leic acid (LA) as well as !-linolenic acid (ALA) consumption
should be encouraged as a replacement for SFAs, trans-fatty
acids, and (in some cases) refined carbohydrates. For exam-

ple, a recent American Heart Association Science Advisory2

recommended that n-6 PUFAs comprise at least 5% to 10% of
total energy. The recommended intake for n-6 PUFA (primar-
ily LA) in the United States according to the National Heart,
Lung, and Blood Institute of the National Institutes of Health3;
the Institute of Medicine4; and the 2005 Dietary Guidelines
for Americans5 ranges from 5% to 10% of energy. Similarly, a
current Position Statement from the Academy of Nutrition
and Dietetics (formerly the American Dietetic Association)
and Dietitians of Canada6 noted that intakes for n-6 PUFA
should range from 3% to 10% of energy.
Despite the consistency of favorable recommendations re-

garding dietary LA, the possibility that this fatty acid contrib-
utes to excess inflammation has received considerable atten-
tion. The primary basis of concern is that large amounts of LA
will prompt excessive formation of arachidonic acid (AA) and
subsequent synthesis of pro-inflammatory eicosanoids (eg,
prostaglandin E2 [PGE2], leukotriene B4, and thromboxane A2
[TXA2]).7-10 Elevated proinflammatory eicosanoid generation
could drive up other biomarkers of inflammation (eg, inter-
leukin-6 [IL-6], tumor necrosis factor-! [TNF-!], and C-reac-

ABSTRACT
The majority of evidence suggests that n-6 polyunsaturated fatty acids, including lino-
leic acid (LA), reduce the risk of cardiovascular disease as reflected by current dietary
recommendations. However, concern has been expressed that a high intake of dietary
n-6 polyunsaturated fatty acid contributes to excess chronic inflammation, primarily by
prompting the synthesis of proinflammatory eicosanoids derived from arachidonic acid
and/or inhibiting the synthesis of anti-inflammatory eicosanoids fromeicosapentaenoic
and/or docosahexaenoic acids. A systematic review of randomized controlled trials that
permitted the assessment of dietary LA on biologic markers of chronic inflammation
among healthy noninfant populations was conducted to examine this concern. A search
of the English- and non–English-language literature usingMEDLINE, the Cochrane Con-
trolled Trials Register, and EMBASE was conducted to identify relevant articles. Fifteen
studies (eight parallel and seven crossover) met inclusion criteria. None of the studies
reported significant findings for a wide variety of inflammatory markers, including C-
reactive protein, fibrinogen, plasminogen activator inhibitor type 1, cytokines, soluble
vascular adhesion molecules, or tumor necrosis factor-!. The only significant outcome
measures reported for higher LA intakes were greater excretion of prostaglandin E2 and
lower excretion of 2,3-dinor-thromboxane B2 in one study and higher excretion of tet-
ranorprostanedioic acid in another. However, the authors of those studies both observed
that these effects were not an indication of increased inflammation. We conclude that
virtually no evidence is available from randomized, controlled intervention studies
amonghealthy, noninfant humanbeings to show that addition of LA to the diet increases
the concentration of inflammatory markers.
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Effect of Dietary Linoleic Acid on Markers of
Inflammation in Healthy Persons: A Systematic
Review of Randomized Controlled Trials
Guy H. Johnson, PhD; Kevin Fritsche, PhD

THE EFFECTS OF DIETARY LIPIDS ON CARDIOVASCULAR
disease (CVD) and other chronic health conditions have
long been an important consideration in the
development of dietary guidelines in the United States

and other countries. The 2010 Dietary Guidelines for Ameri-
cans1 recommend that monounsaturated and polyunsatu-
rated (PUFA) fats be substituted for saturated fats in diets.
There is currently much consistency among recommenda-
tions from government and professional organizations that
both n-6 and n-3 classes of PUFAs are desirable, and that lino-
leic acid (LA) as well as !-linolenic acid (ALA) consumption
should be encouraged as a replacement for SFAs, trans-fatty
acids, and (in some cases) refined carbohydrates. For exam-

ple, a recent American Heart Association Science Advisory2

recommended that n-6 PUFAs comprise at least 5% to 10% of
total energy. The recommended intake for n-6 PUFA (primar-
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and Dietitians of Canada6 noted that intakes for n-6 PUFA
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Despite the consistency of favorable recommendations re-

garding dietary LA, the possibility that this fatty acid contrib-
utes to excess inflammation has received considerable atten-
tion. The primary basis of concern is that large amounts of LA
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subsequent synthesis of pro-inflammatory eicosanoids (eg,
prostaglandin E2 [PGE2], leukotriene B4, and thromboxane A2
[TXA2]).7-10 Elevated proinflammatory eicosanoid generation
could drive up other biomarkers of inflammation (eg, inter-
leukin-6 [IL-6], tumor necrosis factor-! [TNF-!], and C-reac-
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TABLE 2. Summary of Randomized Clinical Trials Examining the Effects of Dietary Interventions (Whole Diet Approach or
Enrichment) With Fatty Acids (Saturated, Trans, Monounsaturated, Polyunsaturated, or Conjugated Linoleic Acid) on Biomarkers
of Inflammation.

Study (Reference) Subjects Type and duration of dietary intervention/enrichment Change in biomarkers of Inflammation

Saturated and Trans Fatty Acids

Baer et al (10) 50 healthy adult males Control diet (30% fat) or experimental diets (39% fat) with 8%
substitution of oleic acid, trans fatty acid, saturated fatty

acids, stearic acid, or trans!stearic acid; duration 5 weeks

1CRP and E-selectin levels with trans fat diet compared
with control; 1fibrinogen in stearic acid diet vs control;
no difference in any marker between oleic acid diet and

control; (P"0.05)

Lichtenstein et al (11) 36 moderately
hypercholesterolemic adults

Experimental diets (30% fat) two-thirds fats substituted with
soybean oil, semi-liquid margarine, soft margarine, shortening,

stick margarine, or butter; duration 35 days

No effect on CRP with any dietary fat type (P#0.05)

Han et al (12) 19 moderately
hypercholesterolemic adults

Experimental diets (30% fat) two-thirds fats substituted with
soybean oil, soybeal oil-based stick margarine, or butter;

duration 32 days

1IL-6 and TNF-! with stick margarine diet vs soybean
oil diet (P"0.05)

Nappo et al (13) 20 type 2 diabetic patients and
20 matched healthy subjects

High-fat diet (59% fat) or high-carbohydrate diet (73%
carbohydrates), with or without antioxidants; duration 4-day

study, 1 week apart

1IL-6, TNF-!, ICAM-1, VCAM-1 in healthy and diabetic
subjects with high-fat meal; increased levels only in

diabetics with high-carbohydrate meal (P"0.05)

Pirro et al. (37) 35 patients with primary
hypercholesterolemia and 15

normal control subjects

Low-cholesterol/low-saturated fat diet (30% fat, 5% saturated
fat, cholesterol "200 mg); duration 8 weeks

2CRP levels in hypercholesterolemic patients compared
to baseline (P"0.05)

Monounsaturated Fatty Acids

Esposito et al (15) 180 patients with metabolic
syndrome

Mediterranean-style diet or prudent diet; duration 2 years 2hs-CRP, IL-6, Il-7, IL-18, with Mediterranean diet vs
prudent diet (P"0.05)

Michalsen et al (16) 101 patients with established
and treated CAD

Mediterranean diet group or written advice-only group;
duration 1 year

No effects on biomarkers of inflammation (P#0.05)

Polyunsaturated Fatty Acids

Rallidis et al (19) 76 male dyslipidemic patients 15 mL linseed oil (8 grams ALA) or 15 mL safflower oil (11
grams LA); duration 12 weeks

2CRP, SAA, and IL-6 in ALA group; no effects with LA
(P"0.05)

Bemelmans et al (20) 103 moderately
hypercholesterolemic adults

ALA-enriched (15% ALA, 46% LA) or LA-enriched (58% LA,
0.3% ALA) margarine; duration 2 years

2CRP in the ALA group vs LA (P"0.05)

Zhao et al. (21) 23 hypercholesterolemic adults ALA diet (6.5% ALA, 10.5% LA), LA diet (12.6% LA, 3.6%
ALA) or AAD (7.7% LA, 0.8% ALA); duration 6 weeks

2CRP, VCAM-1, and E-selectin in ALA group vs LA;
Decreased ICAM-1 in ALA and LA groups vs AAD

(P"0.05)

Chan et al (25) 48 obese individuals and 10
lean normolipidemic men

4 grams EPA!DHA, with or without atorvastatin (40 mg)
Duration- 6 weeks

2CRP and IL-6 with fish oil!atorvastatin, but not with
fish oil alone (P#0.05)

Vega-Lopez et al (26) 80 healthy subjects 1.5 grams EPA!DHA, with or without 800 IU all-rac
alpha-tocopherol; duration 12 weeks

No effects on biomarkers of inflammation (P#0.05)

Jellema et al (27) 11 obese men 1.35 grams of EPA!DHA or placebo capsules; duration
6 weeks

No effects on biomarkers of inflammation (P#0.05)

Mori et al (28) 51 treated-hypertensive type 2
diabetic subjects

4 grams, DHA, or placebo; duration 6 weeks No effects on biomarkers of inflammation (P#0.05)

Geelen et al. (29) 43 men and 41
postmenopausal women

1.5 grams EPA!DHA or placebo; duration- 12 weeks No effects on biomarkers of inflammation (P#0.05)

Ciubotaru et al (30) 30 postmenopausal women
using HRT

1.33 grams EPA!DHA, or 2.56 grams EPA!DHA, or placebo;
duration 5 weeks

2CRP and IL-6 with fish oil vs placebo (P"0.05)

Conjugated Linoleic Acid

Riserus et al (33) 60 men with metabolic
syndrome

3.4 g CLA, or 3.4g purified t 10c12 CLA, or placebo Duration-
12 weeks

1CRP with t10c12 CLA supplementation vs placebo
(P"0.01)

Moloney et al (34) 32 adults with diet-controlled
type 2 diabetes

3.0 grams CLA isomer mixture or placebo; duration 8 weeks CLA 2fibrinogen (P"0.01); no effects on CRP, IL-6
(P#0.05)

Smedman et al (35) 53 healthy volunteers 4.2 grams CLA isomer mixture or placebo; duration 12 weeks 1CRP with CLA mixture vs placebo (P"0.01) No effects
on TNF-! and VCAM-1 (P#0.05)

AAD indicates average American diet; HRT, hormone replacement therapy.
1 indicates increased and 2 indicates decreased.
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10.3 % (-24.1, 40.5) was not statistically significant. IL-6

value at the end of the almond diet was lower than that of

the control diet with the median percentage of decrease by
10.3 % (5.2, 12.6) (Fig. 1). The almond diet as compared

to the control diet tended to decrease TNF-a with the

median percentage of decrease by 15.7 % (-0.3, 29.9).
Two adhesion molecules, ICAM-1 and VCAM-1, were not

altered by the almond diet.

Changes in biomarkers of antioxidant defense

and oxidative stress in plasma

Total antioxidant capacity and total phenolic content in

plasma were not altered by the almond diet (Table 3).

Plasma MDA was also not altered by the almond diet.

Plasma protein carbonyl was significantly diminished by

28.2 % (4.7, 38.2) by the almond diet as compared to the
control diet. Lag time of Cu2?-induced LDL oxidation was

extended by 16.3 % (7.4, 44.3) by the almond diet as

compared to the control diet (Fig. 2). While the almond diet
significantly decreased the circulating oxidized LDL value

as compared to the control, but the median percentage of

decrease at 6.9 % (-2.0, 17.3) was insignificant (Fig. 2).

Correlations between circulating biomarkers

Pearson’s partial correlation test was employed to assess

the associations between study biomarkers in changes

induced by the almond treatment as compared to the con-
trol. The change in CRP value between the diets was

correlated with those of IL-6 and insulin with r values at

0.455 and 0.450, respectively (P = 0.0437 and 0.0468).
A negative association was found between the changes of

IL-6 and ICAM-1 (r = -0.4473, P = 0.048) and CRP

and ICAM-1 (r = -0.4334, P = 0.0562). The change in
TNF-a between the diets was associated with that of glucose
(r = 0.5229, P = 0.018). The change in total antioxidant

capacity determined by the FRAP assay was negatively
correlated with that of insulin (r = -0.5215, P = 0.0184).

Changes in body fat, HOMA, and insulin were not signifi-

cantly correlated.

Discussion

Patients with T2DM have as much as a twofold–fourfold

greater risk of atherosclerosis and CVD than those who do
not have the condition [2, 25]. Given increased inflam-

mation and oxidative stress present in T2DM patients, it

can be a valid approach to incorporate foods with antiox-
idant and anti-inflammatory properties into their diets to

avert deterioration of diabetes and development and pro-

gression of diabetes-related complications.

Table 1 Demographics and baseline values of blood biochemistries
of the subjects

Subject number 20 (9 m/11 f)

Age (year) 58 ± 2

Diabetic history (year) 8 ± 1

Use of oral hypoglycemia medication (n) 20

Body mass index (kg/m2) 26.0 ± 0.7

Systolic blood pressure (mmHg) 131.0 ± 3.7

Diastolic blood pressure (mmHg) 73.1 ± 2.6

Fasting glucose (mmol/L) 8.7 ± 0.7

Fasting insulin (lU/mL) 15.3 ± 2.1

C-Reactive protein (mg/L) 3.02 ± 0.44

IL-6 (ng/L) 1.32 ± 0.15

TNF-a (ng/L) 0.22 ± 0.02

ICAM-1 (lg/L) 316.3 ± 21.8

VCAM-1 (lg/L) 748.0 ± 21.3

Total antioxidant capacity (mmol/L) 1.89 ± 0.07

Total phenol (g GAE/L) 0.62 ± 0.01

Malondialdehyde (lmol/L) 2.45 ± 0.21

Protein carbonyl (lmol/L) 2.02 ± 0.16

Lag time of LDL oxidation (min) 52.4 ± 1.6

Oxidized LDL (mU/L) 162.6 ± 6.7

Data were expressed as mean ± SE

Table 2 Changes in serum inflammatory biomarkers of the T2DM
patients consuming either control or almond diet for 4 weeks

Biomarkers Control diet Almond diet P valuea

C-reactive protein (mg/L) 3.27 ± 0.79 1.98 ± 0.35 0.0455

TNF-a (ng/L) 0.20 ± 0.03 0.14 ± 0.02 0.1043

ICAM-1 (lg/L) 309.3 ± 16.2 317.2 ± 19.6 0.5666

VCAM-1 (lg/L) 796.6 ± 35.7 747.5 ± 18.8 0.1258

Data were expressed as mean ± SE
a P value for comparison between treatments tested by LSMEANS in
the PROC GLM model

Table 3 Changes in plasma biomarkers of oxidative stress and
antioxidants of the T2DM patients consuming either control or
almond diet for 4 weeks

Biomarkers Control diet Almond diet P valuea

Total antioxidant capacity
(mmol/L)

2.02 ± 0.08 2.08 ± 0.10 0.6397

Total phenolic content
(g GAE/L)

0.60 ± 0.01 0.61 ± 0.01 0.3875

Malondialdehyde (lmol/L) 2.36 ± 0.24 2.27 ± 0.23 0.4376

Protein carbonyl (lmol/L) 2.16 ± 0.23 1.59 ± 0.16 0.0003

Data were expressed as mean ± SEM
a P value for comparison between treatments tested by LSMEANS in
the PROC GLM model
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IRH measurement. Laser-Doppler linear Periflux System 5000 
(Perimed SA, Järfälla, Sweden) was used to measure IRH. The 
participant was taken into a quiet room at our Day Hospital 
with only the researcher and a nurse present. The room tem-
perature was maintained at 22 °C. The technique and possi-
ble symptoms were explained in detail. With the participant 
in the supine position and after a 15-min resting, the BP cuff 
was placed on the patient’s arm, and the receptor probe was 
attached on the forearm at 15 cm from the wrist. The BP cuff 
was then inflated to 40 mm Hg above the systolic BP and main-
tained at this pressure for 4 min. During this period, the moni-
toring system showed how perfusion units (PU) fell steadily to 
reach the biological zero. Afterwards, the BP cuff was rapidly 
deflated and how quickly PU rose above the pre-ischemic PU 
values was monitored. The data were recorded and stored using 
PeriSoft for Windows. The values of hyperemic response (HA) 
after the ischemia were automatically calculated. The same 
researcher to avoid variability performed all measurements.

Statistical analysis. We compared the changes after the polyphe-
nol-rich and polyphenol-free olive oil diets with respect to the 
run-in period (baseline values) using Student’s t-test for paired 
samples. The Kolmogorov–Smirnov test was used to assess 
normality of distributions. When samples were not normally 
distributed, a Wilcoxon paired rank test was used. Pearson 
correlations were computed to explore the linear relationship 
between variables at baseline and changes relative to baseline 
values in response to dietary intervention. Differences were 
considered to be significant when P < 0.05. Data are expressed 
as mean ± SD. All calculations were performed with the SPSS 
15.0 software for Windows (SPSS, Chicago, IL).

RESULTS
The participants reported 100% compliance in terms of 
polyphenol-rich and polyphenol-free olive oil intake. Neither 
body weight, nor other demographic and clinical characteris-
tics change over the periods on different diets.

Response in BP
Systolic and diastolic BP decreased after the polyphenol-rich 
olive oil, but were not affected after the polyphenol-free olive 
oil diet compared with baseline values after the run-in period 
(Table 1). Only after the polyphenol-rich olive oil diet, all of 
the participants had a systolic BP of 140 mm Hg or less, and 22 
of 24 participants had a diastolic BP of 90 mm Hg or less.

Response in endothelial function markers
Compared with baseline values, plasma nitrites/nitrates were 
significantly increased and serum or plasma levels of ADMA, 
ox-LDL, and CRP were significantly decreased after the polyphe-
nol-rich olive oil diet (Table 1). Changes in these endothe-
lial function, oxidative stress, and inflammation biomarkers 
did not differ between the baseline values and those after the 
polyphenol-free olive oil diet. Plasma nitrites/nitrates was the 
unique variable non-normally distributed and values expressed 
as median (interquartile range) were as follows: 19.4 (21.6–17.7) 
μmol/l at baseline, 24.3 (25.6–22.6) μmol/l after the polyphe-
nol-rich diet (P = 0.002), and 20.1 (23.0–18.5) μmol/l after the 
polyphenol-free olive oil diet (P = 0.54).

Response in physiological test for endothelial function
The total HA after 4-min arterial occlusions was increased after 
the polyphenol-rich olive oil diet, but was not significantly 
affected after the polyphenol-free olive oil diet compared with 
baseline values after the run-in period (Table 1).

Predictive factors for outcome after polyphenol-rich olive  
oil diet
The decreases in systolic and diastolic BP, serum ADMA, ox-
LDL, and plasma CRP and the increases in plasma nitrites/
nitrates and HA after the polyphenol-rich olive oil diet were 
not related to age or body mass index. However, BP changes 
were strongly related to BP values at baseline, indicating that 
participants with higher BP at baseline were the participants 
with higher decreases in BP after the polyphenol-rich olive oil 

Table 1 | Endothelial function, oxidative stress, and inflammation biomarkers in young women with high-normal BP or stage 1 
essential hypertension after 4 months on a Mediterranean-style diet (run-in period) and changes after 2 months on the polyphenol-
rich or the polyphenol-free olive oil diets

Biomarker Baseline

Changes from baseline P value*

Polyphenol-rich olive oil Polyphenol-free olive oil

Nitrites/nitrates (µmol/l) 19.7 ± 2.6 +4.7 ± 6.6 +0.8 ± 4.1 <0.001

ADMA (µmol/l) 0.82 ± 0.04 –0.09 ± 0.01 –0.04 ± 0.03 <0.01

Ox-LDL (µg/l) 153.0 ± 51.0 –28.2 ± 28.5 –6.9 ± 22.2 <0.01

CRP (mg/l) 1.6 ± 0.9 –1.9 ± 1.3 –0.6 ± 0.9 <0.001

Blood pressure (mm Hg)

 Systolic 134.14 ± 9.32 –7.91 ± 9.51 –1.65 ± 8.22 <0.001

 Diastolic 84.64 ± 8.52 –6.65 ± 6.63 –2.17 ± 7.24 <0.001

IRH measurement (PU)

 HA 1,084 ± 266 +345 ± 386 +36 ± 367 <0.001

Table values are mean ± SD, n = 24.
ADMA, asymmetric dimethylarginine; BP, blood pressure; CRP, C-reactive protein; HA, hyperemic area; IRH, ischemia-reactive hyperemia; ox-LDL, oxidized low-density lipoprotein;  
PU, perfusion units.
*P value for the comparison across the intervention groups by ANOVA.
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parametri in soggetti ipertesi 
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IRH measurement. Laser-Doppler linear Periflux System 5000 
(Perimed SA, Järfälla, Sweden) was used to measure IRH. The 
participant was taken into a quiet room at our Day Hospital 
with only the researcher and a nurse present. The room tem-
perature was maintained at 22 °C. The technique and possi-
ble symptoms were explained in detail. With the participant 
in the supine position and after a 15-min resting, the BP cuff 
was placed on the patient’s arm, and the receptor probe was 
attached on the forearm at 15 cm from the wrist. The BP cuff 
was then inflated to 40 mm Hg above the systolic BP and main-
tained at this pressure for 4 min. During this period, the moni-
toring system showed how perfusion units (PU) fell steadily to 
reach the biological zero. Afterwards, the BP cuff was rapidly 
deflated and how quickly PU rose above the pre-ischemic PU 
values was monitored. The data were recorded and stored using 
PeriSoft for Windows. The values of hyperemic response (HA) 
after the ischemia were automatically calculated. The same 
researcher to avoid variability performed all measurements.

Statistical analysis. We compared the changes after the polyphe-
nol-rich and polyphenol-free olive oil diets with respect to the 
run-in period (baseline values) using Student’s t-test for paired 
samples. The Kolmogorov–Smirnov test was used to assess 
normality of distributions. When samples were not normally 
distributed, a Wilcoxon paired rank test was used. Pearson 
correlations were computed to explore the linear relationship 
between variables at baseline and changes relative to baseline 
values in response to dietary intervention. Differences were 
considered to be significant when P < 0.05. Data are expressed 
as mean ± SD. All calculations were performed with the SPSS 
15.0 software for Windows (SPSS, Chicago, IL).

RESULTS
The participants reported 100% compliance in terms of 
polyphenol-rich and polyphenol-free olive oil intake. Neither 
body weight, nor other demographic and clinical characteris-
tics change over the periods on different diets.

Response in BP
Systolic and diastolic BP decreased after the polyphenol-rich 
olive oil, but were not affected after the polyphenol-free olive 
oil diet compared with baseline values after the run-in period 
(Table 1). Only after the polyphenol-rich olive oil diet, all of 
the participants had a systolic BP of 140 mm Hg or less, and 22 
of 24 participants had a diastolic BP of 90 mm Hg or less.

Response in endothelial function markers
Compared with baseline values, plasma nitrites/nitrates were 
significantly increased and serum or plasma levels of ADMA, 
ox-LDL, and CRP were significantly decreased after the polyphe-
nol-rich olive oil diet (Table 1). Changes in these endothe-
lial function, oxidative stress, and inflammation biomarkers 
did not differ between the baseline values and those after the 
polyphenol-free olive oil diet. Plasma nitrites/nitrates was the 
unique variable non-normally distributed and values expressed 
as median (interquartile range) were as follows: 19.4 (21.6–17.7) 
μmol/l at baseline, 24.3 (25.6–22.6) μmol/l after the polyphe-
nol-rich diet (P = 0.002), and 20.1 (23.0–18.5) μmol/l after the 
polyphenol-free olive oil diet (P = 0.54).

Response in physiological test for endothelial function
The total HA after 4-min arterial occlusions was increased after 
the polyphenol-rich olive oil diet, but was not significantly 
affected after the polyphenol-free olive oil diet compared with 
baseline values after the run-in period (Table 1).

Predictive factors for outcome after polyphenol-rich olive  
oil diet
The decreases in systolic and diastolic BP, serum ADMA, ox-
LDL, and plasma CRP and the increases in plasma nitrites/
nitrates and HA after the polyphenol-rich olive oil diet were 
not related to age or body mass index. However, BP changes 
were strongly related to BP values at baseline, indicating that 
participants with higher BP at baseline were the participants 
with higher decreases in BP after the polyphenol-rich olive oil 

Table 1 | Endothelial function, oxidative stress, and inflammation biomarkers in young women with high-normal BP or stage 1 
essential hypertension after 4 months on a Mediterranean-style diet (run-in period) and changes after 2 months on the polyphenol-
rich or the polyphenol-free olive oil diets

Biomarker Baseline

Changes from baseline P value*

Polyphenol-rich olive oil Polyphenol-free olive oil

Nitrites/nitrates (µmol/l) 19.7 ± 2.6 +4.7 ± 6.6 +0.8 ± 4.1 <0.001

ADMA (µmol/l) 0.82 ± 0.04 –0.09 ± 0.01 –0.04 ± 0.03 <0.01

Ox-LDL (µg/l) 153.0 ± 51.0 –28.2 ± 28.5 –6.9 ± 22.2 <0.01

CRP (mg/l) 1.6 ± 0.9 –1.9 ± 1.3 –0.6 ± 0.9 <0.001

Blood pressure (mm Hg)

 Systolic 134.14 ± 9.32 –7.91 ± 9.51 –1.65 ± 8.22 <0.001

 Diastolic 84.64 ± 8.52 –6.65 ± 6.63 –2.17 ± 7.24 <0.001

IRH measurement (PU)

 HA 1,084 ± 266 +345 ± 386 +36 ± 367 <0.001

Table values are mean ± SD, n = 24.
ADMA, asymmetric dimethylarginine; BP, blood pressure; CRP, C-reactive protein; HA, hyperemic area; IRH, ischemia-reactive hyperemia; ox-LDL, oxidized low-density lipoprotein;  
PU, perfusion units.
*P value for the comparison across the intervention groups by ANOVA.1302   DECEMBER 2012 | VOLUME 25 NUMBER 12 | AMERICAN JOURNAL OF HYPERTENSION

ORIGINAL CONTRIBUTIONS Olive Oil Polyphenols and Hypertension

diet (Figure 1). Similarly, changes in plasma nitrites/nitrates, 
serum ADMA, ox-LDL, and plasma CRP, and HA after the 
polyphenol-rich olive oil diet were strongly related to values at 
baseline (Figure 2a–e).

DISCUSSION
The present study in 24 young women with high-normal BP 
or stage 1 essential hypertension investigated the potential of 
olive oil polyphenols to decrease BP and improve endothe-
lial function in a single-blind, randomized, crossover set-
ting. Our study was conducted comparing two olive oils; 
a polyphenol-rich olive oil and the same one underwent 
oil refining (polyphenol-free olive oil). The strength of this 
study is its design and that compliance with consuming test 
diets, including the dose of olive oil polyphenols during the 
polyphenol-rich olive oil diet, was high. This enabled us to iso-
late the effects of olive oil polyphenols without complications 
of additional nutrient differences. One of the most relevant 
findings was a marked decrease in systolic and diastolic BP 
after 2 months on the polyphenol-rich olive oil diet. For the 
first time, we show that a daily low amount of polyphenols in 
olive oil had similar BP-lowering effects in early forms of high 
BP to those obtained by commonly-prescribed first-line drugs 
for established high BP,20 such as thiazides of 6 mm Hg, beta-
blockers of 5 mm Hg, or angiotensin converting enzyme inhib-
itors of 8 mm Hg for systolic BP, and calcium-channel blockers 
of 6 mm Hg or angiotensin II receptor blockers of 10 mm Hg 
for diastolic BP. These findings agree with our previous study 
on the effects of virgin olive oil in lowering BP in hyperten-
sive women when compared to high-oleic sunflower oil21 and 
have implications at a population level, because reductions of 
5 mm Hg in systolic BP and 3 mm Hg in diastolic BP have been 

shown to predict reduced cardiovascular morbidity and mor-
tality risk up to 20%.22 Recent human intervention studies also 
reported significant BP reductions after diets supplemented 
with polyphenols from orange juice in moderately overweight 
men23 and blueberries in obese men and women with meta-
bolic syndrome.24 However, while polyphenol-rich dark choc-
olate had BP-lowering effects in healthy overweight and obese 
subjects,25 these effects were not apparent in a population with 
BP in the prehypertensive range.26
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Figure 1 | Changes in (a) systolic and (b) diastolic blood pressure (BP) relative 
to baseline values in young women with high-normal BP or stage 1 essential 
hypertension after 2 months on the polyphenol-rich olive oil diet. The line is 
the best-fit line, n = 24.
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Figure 2 | Changes in (a) plasma nitrites/nitrates, (b) serum ADMA, (c) serum 
ox-LDL, (d) plasma CRP, and (e) HA relative to baseline values in young women 
with high-normal blood pressure (BP) or stage 1 essential hypertension after  
2 months on the polyphenol-rich olive oil diet. The line is the best-fit line,  
n = 24. ADMA, asymmetric dimethylarginine; CRP, C-reactive protein;  
HA, hyperemic area; ox-LDL, oxidized low-density lipoprotein.



Nutrizione e fenomeni 
infiammatori 

Infiammazione - Infiammazione + 
 Diete a basso indice 
glicemico  Acidi grassi “trans” 

 Diete ipocolesterole-
mizzanti 

 Diete ad alto indice 
glicemico 

Alcool a dosi moderate 

Acidi grassi omega-3   

Nuts, alcuni polifenoli 



GLYCEMIC RESPONSE AFTER A WHITE 
BREAD OR A SPAGHETTI MEAL 

Ludwig, J Am Med Assoc,  2002

-25

0

25

50

0 20 30 40 50 60 90 105 120 150 180

White Bread Spaghetti

Time, minutes 

∆ Glic., 
mg/dL



Effects of whey proteins on the glycemic 
response to a glucose solution 

Nillson M et al, Am J Clin Nutr 2007 
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Indice Glicemico (IG), relativo al Pane 
Bianco, di alcuni alimenti  

Pomodori         13 
Ciliegie         32 
Fagioli                  40-60 
Mele          52 
Pasta (spaghetti)        52 
Pasta (maccheroni)        68 
Pizza          86 
Saccarosio         92 
Polenta       106 
Cornflakes             100-120 
Miele                    120 
Patate bollite                   120 
Glucosio       138 

Pane bianco         100 
Cibo Indice 

Glicemico 

Pane bianco 100 

Pomodori 13 

Ciliegie 32 

Fagioli 40/60 

Mele 52 

Spaghetti 52 

Maccheroni 68 

Pizza 86 

Saccarosio 92 

Polenta 106 

Patate bollite 120 

Glucosio 138 



Post-prandial glucose excursions and 
urinary excretion of 8-iso PGF2 alfa, a 

measure of oxidant stress. 

Monnier L et al, JAMA 2006 



Il glucosio ematico aumenta rispetto ai livelli basali dopo 
assunzione di pane bianco      pane tostato      , pizza         e 
gnocchi di patate    . *p< 0.05, **p<0.01 gnocchi vs pane bianco. 

IG 114 
IG 104 

IG 74 

Riccardi, Nutrition Reviews, 2003 



L’analisi al microscopio elettronico a scansione dimostra che gli gnocchi 
hanno una struttura compatta come altri alimenti a base di carboidrati a 
basso indice glicemico.   Al contrario negli alimenti lievitati l’elevata 
porosità conseguente all’incorporazione di gas che espande durante la 
cottura, aumenta enormemente la superficie esposta all’attività 
enzimatica. 

Riccardi, Nutrition Reviews, 2003 



Indice glicemico di alcuni alimenti assunti 
singolarmente o con pasti composti 
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Fiber intake and PCR in 4.900 USA 
adults (NAHNES 99-00) 

From a fiber intake < 8,4 g/die to an intake > 19,5 g/die, 
CRP decreases from 2,3 to 1,8  mg/L ( - 20%; p<0,05) 

King D, Am J Cardiol 2003 



Changes in intake by quintile 
Q1 Q2 Q3 Q4 Q5 P for trend 

Whole grain 
    Median (servings 
· 1000 kcal-1 · d-1) -0.59 -0.09 0.11 0.38 0.90 

    Model 11 4.58 ± 0.102 4.23 ± 0.09 4.4 ± 0.09 4.32 ± 0.09 4.07 ± 0.09 < 0.0001 
    Model 23 4.51 ± 0.10 4.35 ± 0.09 4.60 ± 0.09 4.45 ± 0.09 4.12 ± 0.09 < 0.0001 
Refined grain 
    Median (servings 
· 1000 kcal-1 · d-1) -0.91 -0.29 0.02 0.32 0.86 
    Model 11 3.94 ± 0.09 4.15 ± 0.09 4.34 ± 0.09 4.47 ± 0.09 4.71 ± 0.09 < 0.0001 
    Model 23 4.25 ± 0.10 4.3 ± 0.09 4.38 ± 0.09 4.44 ± 0.09 4.68 ± 0.09 < 0.0001 
Dietary fiber 

    Median (g/d) -3.40 0 2.20 0.21 0.40 
    Model 11 5.10 ± 0.09 4.44 ± 0.09 4.24 ± 0.09 4.16 ± 0.09 3.68 ± 0.09 < 0.0001 
    Model 23 5.16 ± 0.10 4.6 ± 0.09 4.43 ± 0.09 4.26 ± 0.09 3.64 ± 0.09 < 0.0001 

Average weight gain (in kg) according to quintiles (Q) of 
change in intake in the Nurses' Health Study from 1984 

to 1996 

Liu, Am J Clin Nutr 2003 
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Nut Consumption and Mortality

n engl j med 369;21 nejm.org november 21, 2013 2005

Sensitivity Analyses

The significant inverse association between nut 
consumption and total mortality remained large-
ly unchanged when we excluded participants who 
had ever smoked or who had an extremely high 
or low BMI; when we excluded participants with 
diabetes at baseline and suspended updating of 
dietary variables after a diagnosis of diabetes; 
when we adjusted for total sodium intake, Medi-
terranean-diet score, olive-oil intake, and a pro-
pensity score that predicted nut intake levels; 
when we continued to update dietary informa-
tion after diagnosis of a chronic disease; and 
when we excluded the first 2 years of follow-up 
and added a 2-year lag period between nut-intake 
assessment and each follow-up period (Table S5 
in the Supplementary Appendix). Furthermore, 
the array-approach sensitivity analysis36 showed 

that an unmeasured confounder would have to 
be strongly associated with mortality (e.g., pre-
dicted relative risk, ≤0.60) or substantially imbal-
anced between participants who ate nuts and 
those who did not (e.g., ≥40% difference in prev-
alence between those who eat nuts seven or more 
times per week vs. never) in order to attenuate 
the inverse association sufficiently so that it that 
was no longer significant (Tables S6 and S7 in 
the Supplementary Appendix).

Subgroup Analyses
In separate analyses of the consumption of pea-
nuts and tree nuts, the associations with total 
and cause-specific mortality were similar for the 
two types of nuts (Fig. 1, and Table S8 in the 
Supplementary Appendix). When consumption of 
nuts two or more times per week was compared 

Table 2. Total Mortality, According to Frequency of Nut Consumption.*

Variable Frequency of Nut Consumption
P Value 

for Trend

Never

Less Than  
Once  

per Week
Once  

per Week

Two to  
Four Times  
per Week

Five or  
Six Times  
per Week

Seven or 
More Times 

per Week

Women

No. of person-years 390,915 973,667 384,892 311,509 44,677 29,822

No. of deaths 3343 7486 2663 2169 337 202

Age-adjusted hazard ratio 
(95% CI)

1.00 0.69  
(0.66–0.71)

0.59  
(0.56–0.62)

0.54  
(0.51–0.57)

0.60  
(0.53–0.67)

0.67  
(0.58–0.77)

<0.001

Multivariate-adjusted hazard 
ratio (95% CI)

1.00 0.94  
(0.90–0.98)

0.88  
(0.83–0.92)

0.85  
(0.80–0.90)

0.88 
(0.78–0.98)

0.79  
(0.68–0.91)

<0.001

Men

No. of person-years 130,848 228,338 217,025 237,617 49,416 40,127

No. of deaths 1860 2801 2518 2843 671 536

Age-adjusted hazard ratio 
(95% CI)

1.00 0.74  
(0.70–0.79)

0.76  
(0.71–0.80)

0.69  
(0.65–0.73)

0.69  
(0.63–0.76)

0.67  
(0.61–0.74)

<0.001

Multivariate-adjusted hazard 
ratio (95% CI)

1.00 0.91  
(0.85–0.96)

0.91  
(0.86–0.97)

0.89  
(0.83–0.94)

0.83  
(0.76–0.91)

0.80  
(0.73–0.88)

<0.001

Pooled†

Multivariate-adjusted hazard 
ratio (95% CI)

1.00 0.93  
(0.90–0.96)

0.89  
(0.86–0.93)

0.87  
(0.83–0.90)

0.85  
(0.79–0.91)

0.80  
(0.73–0.86)

<0.001

* Multivariate analyses were adjusted for age; race; body-mass index; level of physical activity; status with regard to smoking, whether a physical 
examination was performed for screening purposes, current multivitamin use, and current aspirin use; status with regard to a family history 
of diabetes mellitus, myocardial infarction, or cancer; status with regard to a history of diabetes mellitus, hypertension, or hypercholesterol-
emia; intake of total energy, alcohol, red or processed meat, fruits, and vegetables; and, in women, menopausal status and hormone use. 
For further details of these variables, see Figure S1 in the Supplementary Appendix. Frequency of nut consumption pertains to one serving 
of nuts, defined as 28 g.

† Results from the multivariate model were combined with the use of the random-effects model. P>0.05 for heterogeneity between women 
and men in all categories of nut consumption.

The New England Journal of Medicine 
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Total mortality, according to frequency of 
nut consumption 
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with no nut consumption, the pooled multivari-
ate-adjusted hazard ratios for death were 0.88 
(95% CI, 0.84 to 0.93) for peanuts and 0.83 (95% 
CI, 0.79 to 0.88) for tree nuts.

In analyses stratified by other potential risk 
factors for death, the inverse association be-
tween nut consumption and total mortality per-
sisted in all subgroups (Fig. 2, and Table S9 in 
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Figure 1. Hazard Ratios for Death from Any Cause and from Specific Causes, According to Frequency of Nut Consumption and Type of Nut.

Multivariate hazard ratios for death among study participants who consumed nuts two or more times per week versus those who never 
consumed nuts were adjusted for age; race; body-mass index; level of physical activity; status with regard to smoking, whether a physical 
examination was performed for screening purposes, current multivitamin use, and current aspirin use; status with regard to a family history 
of diabetes mellitus, myocardial infarction, or cancer; status with regard to a history of diabetes mellitus, hypertension, or hypercholesterol-
emia; intake of total energy, alcohol, red or processed meat, fruits, and vegetables; and, for women, menopausal status and hormone use. 
For further details of these variables, see Figure S1 in the Supplementary Appendix. Results were pooled with the use of the random- 
effects model. P>0.05 for heterogeneity between women and men in all categories of nut consumption. The risk estimates for other cate-
gories of nut consumption are shown in Table S8 in the Supplementary Appendix. Horizontal lines represent 95% confidence intervals.
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Cause specific mortality, according to 
frequency of nut consumption 



Pribis P et al, Am J Clin Nutr 2014 

Energy, fatty acid, phenolic, and sterol 
composition of an average portion of nuts 



Cosa si intende per “consumo di 
dosi moderate di alcool”? 

Definizione comunemente utilizzata in Italia: 
 

1-2 drink al giorno per le donne    e  
2-3 drink al giorno per gli uomini  

Un drink è definito come: 
  
•  330 mL di birra  
•  150 mL di vino  
•    40 mL di liquori 

Il contenuto di alcool in ogni drink è di circa: 
 

10-13 g 



Consumo di alcool e mortalità cardiovascolare in 
pazienti con malattia CV: una metanalisi italiana 

Costanzo S et al, JACC 2010 



Mediterranean-Style Diet and 
Metabolic Syndrome 

•  Subjects: 180 patients (99 males and 81 
females) with the metabolic syndrome as 
defined by the ATPIII. 

•  Intervention: Mediterranean-style diet with 
increased amounts of whole grain, fruits, 
vegetables, nuts and olive oil. 

•  Main outcome measures: nutrient intake, 
endothelial function score, lipid and glucose 
parameters, insulin sensitivity, CRP and 
interleukins. 

Esposito, JAMA 2004 



Distribution of HOMA Score, Endothelial Function Score 
and hs-CRP Levels among the 180 Patients at Baseline, 

by Presence of 3, 4 and 5 Components of the MS 
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Changes in assessed variables after 2 years 
of intervention (n=90) and control (n=90) 
diet, in patients with metabolic syndrome 

Intervention diet Control diet Esposito., JAMA 2004 
*: p≤0.01 
**: p≤0.001 
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Plasma glucose, mg/dL 

Serum insulin, ug/mL 

TC, mg/dL 

HDL-C, mg/dL 

Triglycerides, mg/dL 

Endothelial function score 

IL-18, pg/ml 

* 

** 

* 

* 

* 

* 

* 

** 



Changes in CRP levels (mg/dL) after 2 years 
of intervention (n=90) and control (n=90) 
diet, in patients with metabolic syndrome 

Baseline 2 years 

Control diet 2.9 2.8 

Intervention diet 2.8 1.7 

* p≤0.01 2y vs baseline 
§ p ≤ 0.01 intervention vs control diet at 2 y  

*§ 

Esposito., JAMA 2004 



NCEP ATP III: LDL-C Goals (2004 modifications) 

* Therapeutic option in very high-risk patients and in patients with high TG, non-HDL-C <100 mg/dL; ** 
Therapeutic option; 

70 mg/dL = 1.8 mmol/L; 100 mg/dL = 2.6 mmol/L; 130 mg/dL = 3.4 mmol/L; 160 mg/dL = 4.1 mmol/L 

High Risk Lower 
Risk 

Moderately 
High Risk 

Moderate 
Risk 

or  optional  

70 mg/
dL** 

LD
L-

C
 le

ve
l 

100 

160 

130 

190 

70 

or  optional  

100 mg/
dL** 

CHD or CHD risk 
equivalents 

(10-yr risk >20%) 

≥2 risk factors 
(10-yr risk 
10-20%) 

≥ 2 risk factors 
(10-yr risk 

<10%) 

< 2 risk factors 

Grundy SM et al. Circulation 2004; 110:227-239. 

Target  

100  
mg/dL 

Target  

130  
mg/dL 

Target  

130  
mg/dL 

Target  

160  
mg/dL 



ATP III: Nutritional Components of the TLC 
(Therapetic Lifestyle Change) Diet 

Expert Panel on Detection, Evaluation, and Treatment of 
High Blood Cholesterol in Adults. JAMA. 2001;285:2486-2497. 

*Trans fatty acids also raise LDL-C and should be kept at a low intake. 
Note: Regarding total calories, balance energy intake and expenditure to 

maintain desirable body weight. 

<200 mg/d Cholesterol 

~15% of total calories Protein 

20–30 g/d Fiber 

50%–60% of total calories Carbohydrate 

25%–35% of total calories Total fat 

Up to 20% of total calories Monounsaturated fat 

Up to 10% of total calories Polyunsaturated fat 

<7% of total calories Saturated fat* 

Recommended Intake Nutrient 



Omega-3, omega-6 and all-
cause mortality 

Wu JHY et al, Circulation 2014 



Dietary omega-6 and CHD 

Farvid MS et al, Circulation 2014 



Dietary omega-6 and CHD 

Farvid MS et al, Circulation 2014 

Popolaz. Italiana  
(INRAN, 2008) 
App. PUFA totali 

Donne Italiane 
(ibid) 

Uomini Italiani 
(ibid) 



Se l’intervento dietetico non è sufficiente: 

Strategie di potenziamento identificate dall’ATP-III 

"  Fitosteroli 

"  Proteine di soia 

"  Fibra 



 Colesterolo  
dietetico 

Colesterolo 

DARM 

Escrezione 

Colesterolo: un complesso sistema a tre vie 

Sintesi epatica di 
Colesterolo    Bile 

Intestino 

Assorbim. 
intestinale 

Captazione 
recettoriale delle 
LDL plasmatiche 



Plant sterols - naturally occurring  
compounds structurally similar to cholesterol 

HO 
Cholesterol 

HO 
Campesterol 

HO 
Sitosterol 

HO 
Sitostanol 



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 

Plant sterol content in foods 

Fruits, vegetables, cereals & nuts also contain plant sterols 

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 

•  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 



Data from the Netherlands Cohort Study* 
Total plant sterol intake:  !280 mg/day  " 240 mg/day  

Total plant stanol intake:  ! 28 mg/day   " 23 mg/day 

Data from the EPIC Norfolk population** 
Total plant sterol intake:   !310 ± 108 mg/day  " 303 ± 100 mg/day  

Cholesterol intake:           !" 260 mg ± 105 mg/day 

Data from the national FINDIET survey*** 
Total plant sterol intake:  !305 mg/day  " 237 mg/day  

Cholesterol intake:  !284 mg/day   "201 mg/day 

 

 
*Normen et al., Am J Clin Nutr, 2001  
** Andersson et al., Eur J Clin Nutr, 2004 
*** Valsta et al., Br J Nutr, 2004 

Plant sterol intakes in various populations 



Reduction of cholesterol absorption  
by plant sterols: overview of studies 

adopted from Normen et al.: "Role of plant sterols in cholesterol lowering” 
in: Phytosterols as Functional Food Components and Nutraceuticals, 2004 

free sterols 

stanol esters 

log. sterol and 
stanol esters 

log. free 
sterols/stanols 

free stanols  
sterol esters  
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Plant sterol intake leads to reduction  
in intestinal cholesterol absorption*  
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Jones et al J Lipid Res, 2000 

* as measured with the 
dual stable isotope ratio 
method with 13C- (oral) and 
D7 -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 



Intestinal absorption of plant sterols  
is low compared to cholesterol 

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

0 

Cholesterol 

Campesterol 

Sitosterol 

  Campestanol 

Sitostanol 
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% absorption 
56 

1.9 0.5 0.2 0.04 



 data of ~ 30 placebo-controlled initiated studies with phytosterol-enriched spreads 
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data (mean plus 95% IC) from meta-analysis of 41 studies with phytosterols or stanols  
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Cholesterol lowering with plant sterols in fat-
based foods: dose-response relationship 

0.0 

Katan M et al. Mayo Clin Proc 2003 



Cholesterol lowering with plant sterols and 
stanols: a meta-analysis 

equivalence testing, a direct comparison study would be
needed with subjects on either high-dose plant sterol or
high-dose plant stanol treatment being studied under the
same conditions. As such a study has so far not been carried
out, drawing conclusions on potential differences in efficacy
between plant sterols and stanols at higher doses is not justi-
fied, as has been recently discussed by Plat et al.(13).
The dose dependency of the LDL-cholesterol-lowering

effect of PS has previously been demonstrated in several
meta-analyses(6,9–12) and in individual dose–response
studies(19,22–24). So far, meta-analyses have suggested that the
LDL-cholesterol-lowering effect of PS tapers off at intakes of
2–3 g/d with little additional benefit at higher intakes(6,11).
Consequently, several health authorities have included 2 g/d of
PS from enriched foods as part of their diet and lifestyle guide-
lines in the management of hypercholesterolaemia(7,8,25). From
the present analysis, it appears that at least up to
approximately 3 g/d of PS, there is a proportional dose–response
effect. As the inhibition of cholesterol absorption by PS is
probably a saturable process, some tapering-off effect would,
however, be expected, but probably at doses slightly higher
than 3 g/d. If indeed PS intakes .3 g/d lead to a greater
LDL-cholesterol benefit, this would bemeaningful from a clinical
view point as additional LDL-cholesterol lowering could lead to a
greater CVD risk reduction. However, the practical implications
of higher PS intakes, such as the technical feasibility of incorpor-
ating higher amounts of PS into foods, cost–benefit aspects and,
especially, the compliance of consumers, need to be considered.
Based on research in populations that actually use foods
with added PS, it appears that the intake of PS in real life
is far below the recommendation(26,27); on average, users
consume 14g/d of PS-enriched margarine, which corresponds
to a PS intake of approximately 1 g/d. Therefore, encouraging
people to consume PS at amounts exceeding approximately
3 g/d seems unrealistic. In addition, because of the observations
of premature atherosclerosis in rare homozygous sitosterolaemic
patients(28) and due to epidemiological evidence suggesting a
positive association between plasma plant sterol concentrations
and CVD risk(29), some concerns have been raised related to
the increase in plasma plant sterol concentrations following

high intakes of plant sterols from enriched foods. However, a
recent meta-analysis summarised the totality of observational
studies that investigated the association between modestly
elevated plasma plant sterol concentrations and CVD risk and
concluded that such an association does not exist(30). Further-
more, plasma plant sterol concentrations after the intake of
foods with added plant sterols remain below 1% of total sterol
concentrations circulating in the blood(17). All in all, taking
these aspects into account, the current recommendations to
consume 2–3 g/d of PS for achieving a significant cholesterol-
lowering effect seem to be still valid.
The use of different approaches to investigate dose–response

relationships in meta-analyses may sometimes lead to different
conclusions being drawn. For instance, Musa-Veloso et al.(12)

previously concluded that the maximal LDL-cholesterol-
lowering efficacy was greater for plant stanols (16·4%) than
for plant sterols (8·3%) when analysing continuous dose–
response curves. Also in the meta-analysis carried out by
Demonty et al.(11), a non-significant 6·7% difference in maximal
cholesterol-lowering efficacy was observed between plant sta-
nols and sterols based on continuous analysis. Such an
approach offers the opportunity to predict the LDL-choles-
terol-lowering effect of a given PS dose. However, the applied
model seems to underestimate the LDL-cholesterol-lowering
effect of plant sterols at doses of about 3 g/d. It is likely that
this has affected the shape of the overall dose–response curve
for plant sterols. This underestimation may have been caused
by an unequal distribution of studies across the entire dose
range. In fact, the availability of a large number of
low-dose sterol studies with relatively high efficacy probably
pulled the plant sterol curve towards a more curvy shape,
whereas the stanol curve was mostly influenced by high-dose
studies; indeed the number of stanol studies carried out using
low doses (,1·5 g/d) was limited. The calculation of average
effects for different dose ranges, as has been done in the present
analysis, is less influenced by an imbalance of data points across
the entire dose range. Moreover, this approach offers the
opportunity to better take into account the large between-study
variation by means of using random-effects models. On the
other hand, one of the limitations of the dose–response
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Fig. 2. Average effects on LDL-cholesterol concentration for different dose
ranges of phytosterols (PS), separately for plant sterols ( ) and plant stanols
( ). The represent outcomes of single high-dose studies that were not
pooled as these were scarce and scattered across a wide range of doses.
Values are means, with 95% CI represented by vertical bars.
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Fig. 1. Average effects on LDL-cholesterol concentration for different dose
ranges of phytosterols (PS) up to 4 g/d. The represent outcomes of single
high-dose studies that were not pooled as these were scarce and scattered
across a wide range of doses. Values are means, with 95% CI represented
by vertical bars.
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Mannarino E, NMCD, 2008 



Klingberg S et al, Am J Clin Nutr, 2008 

Fitosteroli naturalmente contenuti negli alimenti e 
colesterolemia: uno studio epidemiologico scandinavo 

175 mg/die 325 mg/die 



Racette BS, AJCN, 2010 

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



Racette BS, AJCN, 2010 

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



 data of ~ 30 placebo-controlled initiated studies with phytosterol-enriched spreads 
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data (mean plus 95% confidence interval) from meta-analysis of 41 studies 
with phytosterols or stanols  (Katan et al,  Mayo Clin Proc. 2003) 
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Kinlay S et al, J Am Coll Cardiol  2007 

LDL-c and CRP reduction in clinical trials: 
a meta-analysis. 

-37% 
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Impact of intake occasion on cholesterol lowering of single-
dose plant sterol intake 

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

Doornbos et al., Eur J Clin Nutr, 2006 

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

 without meal  
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Plant sterols once vs. three-times per day  
have similar cholesterol-lowering effect 

0 
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0 
control 2.5 g once a day* 2.5 g 3-times a day** 

Total cholesterol 
LDL-cholesterol 

*  2.5 g/d plant stanols once a day with lunch   
** 2.5 g/d plant stanols 3-times a day with breakfast (0.42 g), lunch (0.84 g) and dinner (1.25 g) 

Plat et al Eur J Clin Nutr,  2000 

0 

-6.8 -6.6 

%
 c

ho
le

st
er

ol
-lo

w
er

in
g 



Low Fat Yogurt Enriched in Plant Stanols Effectively 
Lowers LDL-C 
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Mensink RP et al, Atherosclerosis, 2002 
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Cholesterol-lowering effect of plant sterols  additive to 

healthy diet & lipid-lowering medication 

healthy diet* 

Statin 
treatment 

plant sterol 
enriched 
foods*  

healthy diet* 

plant sterol 
enriched 
foods**  

Katan et al Mayo Clin Proc, 2003; Edwards & Moore BMC Family Practice, 2003 
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 *low in saturated fat and cholesterol 
**2-3 g/d of plant sterols in the form of enriched foods 
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Effects of a “Dietary Portfolio” of Cholesterol-
Lowering Foods vs Lovastatin on Serum Lipid and 

CRP  

Jenkins et al., J Am Med Assoc  2003 

LDL-C=low-density lipoprotein Cholesterol; HDL-C=high-density lipoprotein cholesterol. 
Values are expressed as mean (SE) because, with the number of participants involved, approximately twice the SE represents 
a significant difference  
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*dietary portfolio = plant sterols, soy protein, viscous dietary fibre, nuts (almonds) 
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based foods: dose-response relationship 
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Risposta bilanciata 

Tendenzialmente Assorbitori 

Tendenzialmente Sintetizzatori (*) 

(*) oppure con bassa aderenza alla terapia 



Nutrient, substance, 
food or food 
category 

Claim Conditions of use of the claim / Restrictions of use / Reasons for 
non-authorisation 

Nutrient, substance, 
food or food 
category 

Claim Conditions of use of the claim / Restrictions of use / Reasons for 
non-authorisation 

Plant sterols and 
plant stanols 

Plant sterols/stanols contribute to the 
maintenance of normal blood cholesterol 
levels 

In order to bear the claim information shall be given to the consumer that 
the beneficial effect is obtained with a daily intake of at least 0.8 g of 
plant sterols/stanols.  
 
 

Plant sterols/Plant 
stanol esters 

Plant sterols and plant stanol esters have 
been shown to lower/reduce blood 
cholesterol. High cholesterol is a risk factor 
in the development of coronary heart 
disease. 

Information to the consumer that the beneficial effect is obtained with a 
daily intake of 1,5-3 g plant sterols/stanols. Reference to the magnitude 
of the effect may only be made for foods within the following categories: 
yellow fat spreads, dairy products, mayonnaise and salad dressings. 
When referring to the magnitude of the effect, the range "7 % to 10 %" for 
foods that provide a daily intake of 1,5-2,4 g plant sterols/stanols or the 
range "10 % to 12,5 %" for foods that provide a daily intake of 2,5-3 g 
plant sterols/stanols and the duration to obtain the effect "in 2 to 3 weeks" 
must be communicated to the consumer.  
 
 

Plant sterols: Sterols 
extracted from plants, 
free or esterified with 
food grade fatty 
acids. 

Plant sterols have been shown to lower/
reduce blood cholesterol. High cholesterol 
is a risk factor in the development of 
coronary heart disease. 

Information to the consumer that the beneficial effect is obtained with a 
daily intake of 1,5-3 g plant sterols. Reference to the magnitude of the 
effect may only be made for foods within the following categories: yellow 
fat spreads, dairy products, mayonnaise and salad dressings. When 
referring to the magnitude of the effect, the range "7 % to 10 %" for foods 
that provide a daily intake of 1,5-2,4 g plant sterols or the range "10 % to 
12,5 %" for foods that provide a daily intake of 2,5-3 g plant sterols and 
the duration to obtain the effect "in 2 to 3 weeks" must be communicated 
to the consumer.  
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Claim 
Conditions of use of the claim / 
Restrictions of use / Reasons for non-
authorisation 

Health relationship 

Beta-glucans contribute to the maintenance of 
normal blood cholesterol levels 

The claim may be used only for food which 
contains at least 1 g of beta-glucans from oats, 
oat bran, barley, barley bran, or from mixtures 
of these sources per quantified portion. In 
order to bear the claim information shall be 
given to the consumer that the beneficial effect 
is obtained with a daily intake of 3 g of beta-
glucans from oats, oat bran, barley, barley 
bran, or from mixtures of these beta-glucans.  

maintenance of normal blood cholesterol 
concentrations 

Consumption of beta-glucans from oats or 
barley as part of a meal contributes to the 
reduction of the blood glucose rise after that 
meal 

The claim may be used only for food which 
contains at least 4 g of beta-glucans from oats 
or barley for each 30 g of available 
carbohydrates in a quantified portion as part of 
the meal. In order to bear the claim information 
shall be given to the consumer that the 
beneficial effect is obtained by consuming the 
beta-glucans from oats or barley as part of the 
meal.  

reduction of post-prandial glycaemic 
responses 

Barley beta-glucans has been shown to lower/
reduce blood cholesterol. High cholesterol is a 
risk factor in the development of coronery 
heart disease. 

Information shall be given to the consumer that 
the beneficial effect is obtained with a daily 
intake of 3 g of barley beta-glucan. The claim 
can be used for foods which provide at least 1 
g of barley beta-glucan per quantified portion.  

Barley beta-glucans has been shown to lower/
reduce blood cholesterol. High cholesterol is a 
risk factor in the development of coronery 
heart disease 

Information shall be given to the consumer that 
the beneficial effect is obtained with daily 
intake of 3 g of barley beta-glucan. The claim 
can be used for foods which provide at least 1 
g of barley beta-glucan per quantified portion.  



Nutrient, substance, 
food or food category Claim Conditions of use of the claim / Restrictions of use / Reasons for non-

authorisation 

Betaine Betaine contributes to normal 
homocysteine metabolism 

The claim may be used only for food which contains at least 500 mg of betaine 
per quantified portion. In order to bear the claim information shall be given to the 
consumer that the beneficial effect is obtained with a daily intake of 1,5 g of 
betaine.  
In order to bear the claim information shall be given to the consumer that a daily 
intake in excess of 4 g may significantly increase blood cholesterol levels. 

Chitosan Chitosan contributes to the 
maintenance of normal blood 
cholesterol levels 

The claim may be used only for food which provides a daily intake of 3 g of 
chitosan. In order to bear the claim information shall be given to the consumer 
that the beneficial effect is obtained with a daily intake of 3 g of chitosan.  

Glucomannan (konjac 
mannan) 

Glucomannan contributes to the 
maintenance of normal blood 
cholesterol levels 

The claim may be used only for food which provides a daily intake of 4 g of 
glucomannan. In order to bear the claim information shall be given to the 
consumer that the beneficial effect is obtained with a daily intake of 4 g of 
glucomannan.  
Warning of choking to be given for people with swallowing difficulties or when 
ingesting with inadequate fluid intake - advice on taking with plenty of water to 
ensure substance reaches stomach. 

Guar Gum Guar gum contributes to the 
maintenance of normal blood 
cholesterol levels 

The claim may be used only for food which provides a daily intake of 10 g of 
guar gum. In order to bear the claim, information shall be given to the consumer 
that the beneficial effect is obtained with a daily intake of 10 g of guar gum.  
 
Warning of choking to be given for people with swallowing difficulties or when 
ingesting with inadequate fluid intake - advice on taking with plenty of water to 
ensure substance reaches stomach. 

Hydroxypropyl 
methylcellulose (HPMC) 

Hydroxypropyl methylcellulose 
contributes to the maintenance of 
normal blood cholesterol levels 

The claim may be used only for food which provides a daily intake of 5 g of 
HPMC. In order to bear the claim information shall be given to the consumer that 
the beneficial effect is obtained with a daily intake of 5 g of HPMC.  
 
Warning of choking to be given for people with swallowing difficulties or when 
ingesting with inadequate fluid intake - advice on taking with plenty of water to 
ensure substance reaches stomach. 

Monascus purpureous 
(red yeast rice) 

Monacolin K from red yeast rice 
contributes to the maintenance of 
normal blood cholesterol levels 

The claim may be used only for food which provides a daily intake of 10 mg of 
monacolin K from red yeast rice. In order to bear the claim, information shall be 
given to the consumer that the beneficial effect is obtained with a daily intake of 
10 mg of monacolin K from fermented red yeast rice preparations.  
 
 

 
 


