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•  In	  triglycerides:	  
–  Food	  (95%	  of	  fa7y	  acids	  in	  the	  

diet	  are	  in	  the	  TAG	  form)	  
–  Adipose	  ?ssue	  (stored	  as	  TAG)	  
–  Blood	  (lipoproteins)	  
–  Tissues	  (e.g.	  liver;	  muscle)	  
–  Intravenous	  lipid	  emulsions	  

•  In	  phospholipids:	  
–  Food	  
–  Blood	  (lipoproteins)	  
–  Cell	  membranes	  
	  

•  In	  cholesteryl	  esters:	  
–  Blood	  (lipoproteins)	  

Fa#y	  acids	  including	  EPA	  and	  DHA	  
are	  normally	  found	  in	  esterified	  form	  



GUT	  

Diges?on	  &	  absorp?on	  

Fa7y	  acids	  in	  lipoproteins;	  
Non-‐esterified	  fa7y	  acid	  

(Transport	  pools)	  

LIVER	  
Fa7y	  acid	  
metabolism	  

ADIPOSE	  
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storage	  

CELLS	  AND	  
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Fa7y	  acids	  in	  cell	  	  
membranes	  
(Func?onal	  
pools)	  

DIET 

OVERVIEW	  OF	  WHOLE	  BODY	  FATTY	  
ACID	  METABOLISM	  



The	  fa#y	  acid	  composiGons	  of	  	  
different	  pools	  are	  different	  

D
H

A 
(g

/1
00

 g
) 

25 

20 

15 

10 

5 

0 



Healthy	  volunteers	  given	  fish	  oil	  (2.1	  g	  EPA	  and	  1.1	  g	  DHA/day)	  for	  12	  weeks	  
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The	  amount	  of	  EPA	  and	  DHA	  in	  cells	  
and	  Gssues	  increases	  with	  intake	  

Yaqoob	  et	  al.	  (2000)	  Eur.	  J.	  Clin.	  Invest.	  30,	  260-‐274	  



Rees	  et	  al.	  (2006)	  Am.	  J.	  Clin.	  Nutr.	  83,	  331-‐342	  

Dose	  response	  of	  incorporaGon	  	  
of	  EPA	  in	  humans	  



Increasing	  EPA+DHA	  availability	  (either	  orally	  or	  
intravenously)	  increases	  the	  EPA	  and	  DHA	  

content	  of	  blood	  lipids,	  blood	  cells,	  and	  Gssues	  –	  
effect	  is	  dose,	  Gme	  and	  Gssue	  dependent	  
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Special	  funcGons	  of	  ω-‐3	  fa#y	  acids	  
• Important	  components	  of	  cell	  membranes 	  	  
− 	  Ensure	  membrane	  proteins	  funcGon	  properly	  

• Contribute	  to	  cell	  membrane	  “fluidity”	  
− 	  Ensure	  formaGon	  of	  lipid	  rabs	  -‐>	  appropriate	  signal	  transducGon	  

• Regulate	  producGon	  of	  bioacGve	  lipid	  mediators	  (eicosanoids	  
etc.)	  
− 	  Less	  inflammaGon,	  coagulaGon	  and	  vasoconstricGon	  
− 	  Be#er	  immune	  funcGon	  

• Act	  as	  cell	  signalling	  molecules	  
• Alter	  gene	  expression	  



Initiation 
phase 

Resolution 
phase 

TIME 

INFLAMMATION	  HAS	  TWO	  
PHASES:	  INITITATION	  AND	  

RESOLUTION	  

‘RESOLVING 
PHASE’ 



EPA	  and	  DHA	  are	  precursors	  of	  
pro-‐resolving	  lipid	  mediators	  



ω-3 fatty acid exposure 

Receptors Membrane composition 

Fluidity Raft assembly Substrates for  
eicosanoids,  
resolvins etc.  

Signals 

Cell responses Altered  
(patho)physiology 

Improved  
Health/ 

Better clinical  
outcome 



Oral	  ω-‐3	  fa#y	  acids	  have	  benefits	  in	  ….	  

•  Hypertriglyceridemia	  
•  Hypertension	  
•  Thrombosis	  
•  Cardiac	  arrhythmias	  
•  Non-‐alcoholic	  fa#y	  
liver	  disease	  

•  Rheumatoid	  arthriGs	  
•  Crohn’s	  Disease	  

•  Childhood	  asthma	  
•  Chronic	  obstrucGve	  
pulmonary	  disease	  

•  Sarcopenia	  
•  Cancer	  cachexia	  



Total	  CHD	  (P	  <	  0.001)	  
Fatal	  CHD	  (P	  =	  0.01)	  
Non-‐fatal	  MI	  (P	  =	  0.003)	  1.0	  
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Lowest	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	   	  	  	  	  	  	  	  	  	  	  Highest	  
Quin?le	  of	  marine	  ω-‐3	  fa7y	  acid	  intake	  

Hu et al. (2002) JAMA 287, 1815-1821 

Extensive	  evidence	  from	  
epidemiological	  and	  case-‐
control	  studies	  shows	  that	  
consump?on	  of	  marine	  
ω-‐3	  fa7y	  acids	  is	  
associated	  with	  lowered	  
risk	  of	  cardio-‐vascular	  
events	  and	  mortality	  

Lowered	  risk	  of	  cardiovascular	  
events	  and	  mortality	  



Risk reduction in ω-3 group 
All fatal events  -20% 
CV death  -30% 
Coronary death -35% 
Sudden death  -45% 

GISSI Prevenzione Investigators (1999) Lancet 354, 447-455 

•  PaGents	  with	  MI	  within	  
the	  last	  3	  months	  
assigned	  to	  ω-‐3	  ethyl	  
esters	  vs.	  placebo	  

•  Follow	  up	  for	  3.5	  years	  
•  356	  deaths	  and	  non-‐fatal	  
CV	  events	  in	  ω-‐3	  group	  
vs.	  414	  in	  placebo	  group	  

ω-‐3	  fa#y	  acids	  and	  CV	  mortality	  in	  
post-‐MI	  paGents	  



Conclusion:	  	  
“sta?ns	  and	  ω-‐3	  

fa7y	  acids	  are	  the	  
most	  favourable	  

lipid	  lowering	  
interven?ons	  with	  
reduced	  risks	  of	  

overall	  and	  cardiac	  
mortality”	  

StaGns	  and	  ω-‐3	  are	  favourable	  
intervenGons	  

Studer et al. (2005) Arch. Int. Med. 165, 725-730 

Overall mortality 

Cardiac mortality 





Supplements	  providing	  EPA	  and	  DHA	  improve:	  
– Energy	  intake	  
– AppeGte	  
– Body	  weight	  
– Quality	  of	  Life	  
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•  25	  paGents	  with	  breast	  cancer	  
receiving	  first	  line	  chemotherapy	  

•  Open	  label	  (1.8	  g	  DHA	  per	  day)	  
•  From	  7-‐10	  days	  before	  iniGaGng	  

chemotherapy	  unGl	  5	  months	  of	  
chemotherapy	  

•  PaGents	  split	  into	  high	  and	  low	  
DHA	  incorporators	  into	  plasma	  
phospholipid	  

•  PaGents	  with	  high	  DHA	  
incorporaGon	  showed	  longer	  Gme	  
to	  progression	  and	  be#er	  survival	  



•  46	  paGents	  with	  lung	  cancer	  
receiving	  first	  line	  
chemotherapy	  

•  Randomised	  to	  standard	  of	  
care	  (SOC;	  no	  intervenGon)	  vs	  
fish	  oil	  capsules	  or	  liquid	  (2.2	  
g	  EPA	  +	  0.25	  g	  DHA	  per	  day)	  

  SOC 	  Omega-‐3	  	  	  	  	  	  	  P	  
Chemotherapy	  
Response	  rate 	  26% 	  60% 	  	  	  	  	  	  0.008	  
	  
Clinical	  benefit 	  42% 	  80% 	  	  	  	  	  	  0.02	  
	  
Completed	  	  
Chemotherapy 	  55% 	  87% 	  	  	  	  	  	  0.03	  
	  
Cycles	  of	  	  
Chemotherapy 	  3 	  3.9 	  	  	  	  	  	  	  0.02	  
	  
One-‐year	  survival 	  39% 	  60% 	  	  	  	  	  	  	  0.15	  



Pontes-‐Arruda	  et	  al.	  (2011)	  Crit.	  Care	  15,	  R144	  	  

•  RCT	  in	  paGents	  (n	  =	  116)	  with	  early	  sepsis	  
•  Tube	  feeding	  with	  high	  EPA	  formula	  for	  7	  days	  at	  75%	  
of	  basal	  energy	  expenditure	  x	  1.3	  

•  Primary	  outcome:	  progression	  to	  severe	  sepsis	  or	  
sepGc	  shock	  

•  Secondary	  outcomes:	  organ	  failure,	  ICU	  stay,	  hospital	  
stay,	  venGlaGon	  need,	  28-‐day	  mortality	  

	  

Enteral	  ω-‐3	  fa#y	  acids	  in	  criGcally	  ill	  
paGents	  
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Primary outcome 



Secondary	  outcomes	  
•  Organ	  failure	  

–  Less	  cardiovascular	  failure	  (21%	  vs	  36%)	  
–  Less	  respiratory	  failure	  (25%	  vs	  40%)	  

•  ICU	  stay	  
–  Shorter	  (7	  days	  vs	  13	  days)	  

•  Hospital	  stay	  
–  Shorter	  (9	  days	  vs	  19	  days)	  

•  VenGlaGon	  need	  
–  Required	  by	  fewer	  paGents	  (17%	  vs	  35%;	  NS)	  
–  Shorter	  duraGon	  (7	  days	  vs	  15	  days)	  

•  28-‐day	  mortality	  
–  Not	  different	   25	  



•  care	  following	  major	  surgery	  	  
•  the	  intensive	  care	  unit	  
•  criGcal	  illness	  
•  head	  trauma	  
•  Iv	  nutriGon-‐induced	  liver	  disease	  
•  situaGons	  where	  rapid	  delivery	  is	  required	  (e.g.	  
post-‐MI)	  	  

Intravenous	  ω-‐3	  fa#y	  acids	  	  
have	  benefits	  in	  ….	  



Meta-‐analyses	  of	  iv	  ω-‐3	  fa#y	  acids	  in	  
post-‐surgical	  paGents	  

Wei	  et	  al.	  (2010)	  NutriGon	  26,	  
474-‐481	  

Infectious complications: 

Also showed a reduction in length 
of ICU stay (-1.8 days, p = 0.004) 
and length of hospital stay (-2.98 
days, p = 0.0005) 

Also showed a reduction in length 
of ICU stay (-2.1 days, p = 0.004) 

Infectious complications: 

Chen	  et	  al.	  (2010)	  JPEN	  34,	  387-‐394	  



Meta-‐analysis	  of	  iv	  ω-‐3	  fa#y	  acids	  	  
in	  ICU	  paGents	  and	  in	  elecGve	  surgery	  	  

non-‐ICU	  paGents	  

Pradelli et al. (2012) Crit. Care 16, R184 



Meta-‐analysis	  of	  iv	  ω-‐3	  fa#y	  acids	  in	  
criGcally	  ill	  paGents	  

Mortality: 

No effect on length of ICU stay or infections 
 
“Fish oil containing lipid emulsions may be able to decrease 
mortality and ventilation days in the critically ill.”  

Manzanres et al. (2013) JPEN, in press 



Summary	  

	  
-‐	  

•  Increased	  intake	  of	  EPA	  and	  DHA	  is	  reflected	  in	  
increased	  content	  in	  blood,	  blood	  cells	  and	  Gssues	  

•  EPA	  and	  DHA	  have	  a	  number	  of	  physiological	  effects	  
(membrane	  structure	  &	  funcGon,	  cell	  signalling	  and	  
gene	  expression,	  lipid	  mediator	  profile)	  

•  Through	  their	  physiological	  effects	  EPA	  and	  DHA	  
influence	  cell	  and	  Gssue	  funcGon,	  improving	  risk	  
factor	  profiles	  and	  modifying	  pathological	  processes	  

•  There	  are	  mulGple	  applicaGons	  of	  EPA	  and	  DHA	  in	  
clinical	  nutriGon	  (oral,	  enteral,	  parenteral	  routes	  all	  
relevant)	  -‐>	  prevenGon	  of	  complicaGons;	  treatment	  

•  Clinical	  acGons	  occur	  through	  plausible	  biological	  
mechanisms	  
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Conclusion	  

31	  

Fish oil ω-3 fatty acids have a clear role  
in clinical nutrition 


