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We	  Love	  to	  Eat!	  



What	  have	  you	  eaten	  in	  the	  last	  24	  hours	  
that	  might	  be	  detrimental	  to	  your	  health?	  
	  
What	  have	  you	  eaten	  in	  the	  last	  24	  hours	  
that	  might	  be	  beneficial	  to	  your	  health?	  	  



2000 

Obesity Trends* Among U.S. Adults 
BRFSS, 1990, 2000, 2010 

(*BMI ≥30, or about 30 lbs. overweight for 5’4” person) 

2010 

1990 

No Data         <10%       10%–14%        15%–19%       20%–24%        25%–29%        ≥30%   



Prevalence	  of	  DM	  in	  US	  

•  DM	  
– 26.9%	  (10.9	  million)	  among	  >65	  yrs	  in	  2010	  

•  Pre-‐DM	  
– 35%	  among	  >	  20	  yrs	  
– 50%	  among	  >	  65	  yrs	  

http://diabetes.niddk.nih.gov/dm/pubs/statistics/  



Obesity	  

Metabolic	  
Syndrome	  



Vegan	  -‐	  Vegetarian	  Diets	  and	  Risk	  of	  
Diabetes	  

•  Adven3st	  Health	  Study	  2	  
– Prospec3ve	  cohort	  study	  launched	  in	  2002	  
– 53,536	  with	  baseline	  FFQ	  and	  follow-‐up	  data	  (2	  
years	  later)	  

– 616	  diagnosed	  with	  diabetes	  by	  2007	  
–  Incidence	  lower	  in	  vegans	  and	  vegetarians	  than	  in	  
omnivores	  acer	  adjus3ng	  for	  poten3al	  
confounders	  

Tonstad	  S.	  Nutr.	  Metab.	  Cardiovasc.	  Dis.	  2013;23:292–299	  



Vegan	  -‐	  Vegetarian	  Diets	  and	  Risk	  of	  
Diabetes	  
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0.49	  (0.31-‐0.76)	  

(Reference)	  

Tonstad	  S.	  Nutr.	  Metab.	  Cardiovasc.	  Dis.	  2013;23:292–299	  
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•  Olive	  oil	  as	  the	  main	  source	  of	  fats	  	  
•  High	  consump3on	  of	  fruit,	  vegetables,	  
legumes,	  and	  complex	  carbohydrates	  

•  Moderate	  consump3on	  of	  fish	  and	  poultry	  
•  Limited	  consump3on	  of	  red	  and	  processed	  
meats,	  dairy,	  and	  sweats	  

•  Low-‐to-‐moderate	  amount	  of	  red	  wine	  during	  
meals	  

Mediterranean	  Diet	  



Association between a 2-point increase of adherence score to the 
Mediterranean diet and the risk of all-cause mortality 

Sofi F et al. Am J Clin Nutr 2010;92:1189-1196 



RCT	  of	  Mediteranean	  Diet	  for	  Primary	  
Preven3on	  of	  MACE	  

Estruch	  R.	  N	  Engl	  J	  Med	  2013;368:1279-‐90	  



Pooled	  RR	   95%	  CI	  
Overall	  mortality	   0.92	   0.90	  –	  0.94	  
Cardiovascular	  mortality	  
and	  incidence	  

0.90	   0.87	  –	  0.93	  

Cancer	  mortality	  and	  
incidence	  

0.94	   0.92	  –	  0.96	  

Neurodegenera3ve	  
disease	  

0.87	   0.81	  –	  0.94	  

Meta-‐Analysis	  of	  Mediterranean	  Diet	  
and	  Health	  Outcomes	  

Sofi F et al. Am J Clin Nutr 2010;92:1189-1196 



What	  is	  the	  Link	  Between	  CV	  Disease,	  
Cancer,	  and	  Mediterranean	  Diet?	  

Diet	  

CV	  Disease	  

Cancer	  

Metabolic	  
Syndrome	  



What	  is	  the	  Link	  Between	  CV	  Disease,	  
Cancer,	  and	  Mediterranean	  Diet?	  

Diet	  

CV	  Disease	  

Cancer	  

Metabolic	  
Syndrome	  

Microbiome	  



	  Comprised	  of	  Bacteria,	  Viruses,	  others	  
(Archaea,	  Eukaryotes)	  

•  Dis<nc<ve	  microbiomes	  at	  each	  body	  site	  
(gut,	  lung,	  skin,	  mucosa	  etc.)	  

The	  Gut	  Microbiota	  
•  Human	  gut	  is	  home	  to	  ~	  100	  trillion	  bacterial	  
cells	  

•  Density	  of	  1011	  to	  1012	  per	  gram	  in	  the	  colon	  
•  Es<mated	  103/mL	  of	  aspirate	  in	  jejunum	  
•  Increasing	  concentra<on	  as	  approach	  cecum	  

•  Genome	  size	  of	  microbiota	  at	  least	  100-‐fold	  
greater	  than	  human	  

•  Large	  numbers	  species	  present,	  most	  
uncultured	  Nat.	  Rev.	  Micro.	  	  2011;9:279-‐290	  

The	  Human	  Microbiome	  	  
	  



Host-Microbial Mutualism the Gut 
 
Host benefits to bacteria 

• Provides a unique niche  
• Intestinal mucus provides a source of nutrition 

 
Bacteria benefits the host 

• Fermentation of indigestible carbohydrates and the production of SCFAs 
• Biotransformation of conjugated bile acids 
• Urease activity participates in nitrogen balance 
• Synthesis of certain vitamins 
• Metabolize drugs 
• Education of the mucosal immune system  

!



Diabetes: Type 1 DM (MyD88-dependent in NOD Mice); Type 2 DM (TLR4 and TLR5 KOs)    

Colon Cancer: Enterotoxigenic Bacteroides fragilis and Fusobacterium  

Atherosclerosis: Oral, gut and plaque microbiota; Microbial metabolism of choline to TMA   
 
 

Inflammatory Bowel Disease: Dysbiosis 

Asthma: Sanitized environment 



•  How	  does	  diet	  affect	  the	  gut	  microbiota	  in	  the	  
absence	  of	  disease?	  

•  Does	  the	  gut	  microbiota	  cause	  non-‐infec3ous	  
disease?	  	  

•  Can	  nutri3on	  be	  a	  therapy	  for	  diseases	  
associated	  with	  altera3on	  of	  the	  gut	  
microbiota?	  

Key	  Ques3ons	  



COMBO	  -‐	  Cross-‐Sec3onal	  Study	  of	  Diet	  and	  Stool	  
Microbiome	  

•  Is	  there	  an	  associa3on	  between	  overall	  composi3on	  
of	  diet	  and	  composi3on	  of	  the	  gut	  microbiome?	  

•  Are	  individual	  nutrients	  associated	  with	  overall	  gut	  
microbiome	  composi3on?	  	  



•  Microbiome	  –	  16s	  rRNA	  phylogene3cs;	  18s	  for	  
microeukaryotes	  

•  Usual	  diet	  -‐	  Standardized	  food	  frequency	  
ques3onnaires	  

•  Recent	  diet	  –	  Three	  24	  hour	  diet	  recalls	  within	  
week	  prior	  to	  provision	  of	  the	  stool	  sample	  

•  Demographics	  –	  Subject	  interviews	  and	  
ques3onnaires	  

Microbial,	  Dietary,	  and	  Clinical	  
Assessment	  



COMBO	  
Are	  individual	  demographic	  factors	  associated	  with	  overall	  gut	  
microbiome	  composi3on?	  

Variable 

No. subject 
Distance 

based test 
(unweighted) 

Distance based 
test (weighted) 

Sex(M,F) F:55 
 

M:44 
0.035 0.0333 

Race(Black,White) ASI:7 
 

BLK:25 
 

WHT:66 

0.0242 0.1075 

BMI (continuous) 99 0.0039 0.0314 
Children <=3 years old in the 

household (Y,N) 
N:69 

 
Y:8 

0.1018 0.0276 

Pets(Y,N) N:60 
 

Y:39 
0.0925 0.0665 



Firmicutes	  

Fiber	   Fat	  BMI	   %Calories	   Ac3nobacteria	  

Bacteroidetes	  

Proteobacteria	  



CaFE	  Study:	  Controlled	  Feeding	  Experiment	  

•  Does	  short	  term	  dietary	  fat	  or	  fiber	  alter	  the	  
composi3on	  of	  the	  human	  gut	  microbiome	  
and	  switch	  Enterotypes?	  

• What	  is	  the	  3me	  course	  over	  which	  a	  diet	  
alters	  the	  composi3on	  of	  the	  human	  gut	  
microbiome?	  

• Will	  a	  standardized	  diet	  reduce	  microbiome	  
intersubject	  variability?	  



•  10	  Healthy	  volunteers	  
•  Randomized	  to	  high	  fat	  vs.	  low	  fat	  diet	  
•  10	  day	  inpa3ent	  stay	  with	  same	  meals	  each	  day	  
•  Caloric	  intake	  adjusted	  to	  maintain	  current	  
weight	  

•  Daily	  stool	  sample	  collec3on	  
•  Sitz	  marker	  study	  to	  assess	  3me	  to	  clearance	  of	  
residual	  stool	  

CaFE	  Study	  -‐	  Controlled	  Feeding	  
Experiment	  



Day	  1	  is	  Different	  But	  Within	  Individual	  
Clustering	  Remains	  Strong	  Over	  10	  Days	  

Wu	  GD.	  Science	  2011	  



Summary	  	  
• Promising	  findings	  for	  diet	  as	  therapy	  

• Major	  nutrient	  categories	  (Fat,	  Fiber	  &	  Vegetables,	  Protein,	  
and	  Carbohydrates)	  cluster	  independently	  with	  rela3ve	  
propor3ons	  of	  bacterial	  taxa	  where	  “Fat”	  and	  “Fiber”	  as	  well	  
as	  “Amino	  Acids”	  and	  “Carbohydrates”	  are	  inversely	  related.	  

	  

• Less	  promising	  findings	  for	  diet	  as	  therapy	  
• Although	  there	  are	  rapid	  changes	  in	  the	  gut	  microbiome	  
composi3on	  seen	  within	  24	  hours	  of	  dietary	  interven3on.	  But	  
short-‐term	  diet	  does	  not	  reduce	  intersubject	  variability	  in	  gut	  
microbiome	  composi3on	  



•  Cross-‐sec3onal	  study	  of	  elderly	  
– Ambulatory	  
– Short	  term	  nursing	  home	  
– Long	  term	  nursing	  home	  

•  Decreased	  dietary	  diversity	  among	  nursing	  
home	  residents	  

•  Decreased	  dietary	  diversity	  correlated	  with	  
decreased	  microbiota	  diversity	  

How	  long	  does	  it	  take	  for	  diet	  to	  
change	  the	  gut	  microbiome?	  

Claeson	  MJ.	  Nature	  2012.	  doi:	  10.1038	  



How	  long	  does	  it	  take	  for	  diet	  to	  
change	  the	  gut	  microbiome?	  

Orange	  –	  6	  weeks	  to	  12	  months	  of	  long	  term	  care	  
Red	  –	  long	  term	  care	  >12	  months	  

UNWEIGHTED	   WEIGHTED	  
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COMBO	  2	  –	  Vegans	  and	  Omnivores	  Have	  Rela3vely	  Similar	  
Microbiota	  

Wu	  GD	  et	  al.	  Gut.	  2014	  Nov	  26.	  pii:	  gutjnl-‐2014-‐308209.	  doi:	  10.1136/gutjnl-‐2014-‐308209.	  



Adherence	  to	  Mediterranean	  Style	  
Diet	  and	  Composi3on	  of	  Microbiota	  

F	  De	  Filippis.	  Gut	  2015	  



Rapid	  Changes	  with	  Extreme	  Diets	  
Driven	  by	  	  Exclusion	  of	  Plant	  Products	  

Change	  in	  Community	  Structure	  from	  Baseline	  
Change	  in	  

Abundance	  of	  
Bacterial	  Clusters	  



What	  the	  Microbiota	  Do	  May	  Be	  More	  
Important	  Than	  Who	  Is	  There	  
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$PLQR�DFLG
&RfDFWRUV�DQG�YLWDPLQV
Nucleotide
3eptide
(QHUJ\
Secondar\�0HWDEROLVP

��PHWK\OKLVWLGLQH
&03)

pentadecanoate
6�PHWK\OF\VWHLQH

3-hydroxy-2-ethylpropionate
PDOWURWULRVH

hydroxyproline
���PHWK\OP\ULVWLF�DFLG

tryptophan betaine
DOSKD�K\GUR[\LVRYDOHUDWH

VSKLQJRP\HOLQ
��PHWK\OEXW\UROFDUQLWLQH

PDOWRWHWUDRVH
4-ethylphenyl sulfate

catechol sulfate
10-heptadecenoate
docosahexaenoate

indoleacrylate
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ascorbate

2-hydroxydecanoic acid
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arachidonate
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N-delta-acetylornithine

JOXWDPDWH
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hippurate

sarcosine
indoleproprionate

Both	  diet	  and	  both	  the	  plasma/
urinary	  metabolome	  were	  
drama3cally	  different	  where	  gut	  
microbiota	  metabolites	  
contributed	  more	  greatly	  to	  the	  
plasma	  metabolome	  of	  vegans	  
than	  omnivores	  

The	  Plasma	  and	  Urinary	  
Metabolome	  of	  Omnivores	  

vs.	  Vegans	  

Wu	  GD.	  Gut.	  2014	  Nov	  26.	  pii:	  gutjnl-‐2014-‐308209.	  doi:	  
10.1136/gutjnl-‐2014-‐308209.	  



Dietary	  Plant	  Products	  and	  the	  Plasma	  Metabolome	  	  

Compounds with
gut microbiome
metabolic origin
or contribution

caffeic acid

coumaric acid

3-hydroxyphenylpropionate 

3,4-dihydroxyphenylpropionate 

Plant phenolic compounds 
such as chlorogenic acid

quinate 

benzoate 

hippurate 

3-hydroxybenzoate 

3-hydroxyhippurate 

ferulic acid

catechol sulfate

3-hydroxyhippurate
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0
1
2
3
4
5
6
7
8
9

**

3-hydroxyhippurate

Omnivore Vegan

Omnivore Vegan
0
1
2
3
4
5
6
7

**

hippurate

**

0.0

0.5

1.0

1.5

2.0

2.5

3.0
catechol sulfate

*

0
1
2
3
4
5
6
7
8
9

10
4-hydroxyhippurate

**

0
10
20
30
40
50
60
70

4-ethylphenylsulfate

**

0
1
2
3
4
5
6
7
8

4-vinylphenol sulfate

Omnivore Vegan Omnivore Vegan Omnivore Vegan Omnivore Vegan

Wu	  GD.	  Gut.	  2014	  Nov	  26.	  pii:	  gutjnl-‐2014-‐308209.	  doi:	  
10.1136/gutjnl-‐2014-‐308209.	  



Summary	  

•  Dietary	  paserns	  are	  associated	  with	  the	  
composi3on	  of	  the	  gut	  microbiota	  
– Exclusion	  of	  plant	  products	  leads	  to	  rapid	  and	  
more	  extreme	  changes	  in	  the	  composi3on	  of	  the	  
gut	  microbiota	  

– Modest	  dietary	  changes	  have	  much	  smaller	  
effects	  	  

•  The	  microbiota	  interacts	  with	  diet	  to	  impact	  
the	  gut,	  plasma	  and	  urinary	  metabolome	  
– Rate	  limi3ng	  effects	  of	  produc3on	  can	  be	  either	  
the	  precursor	  (food)	  or	  generator	  (microbes)	  



What	  is	  the	  Link	  Between	  CV	  Disease,	  
Cancer,	  and	  Mediterranean	  Diet?	  

Diet	  

CV	  Disease	  

Cancer	  

Metabolic	  
Syndrome	  

Microbiome	  



Altering	  Small	  Bowel	  Microbiota	  
Increases	  Insulin	  Sensi3vity	  

Vrieze	  A.	  Gastroenterol	  2012;143:913-‐6	  

18 treatment-naïve 
obese men with 
metabolic syndrome 

Doudenal tube placed endoscopically 
5 hour PEG lavage followed by 
infusion of FMT via duodenal tube 



Increase	  in	  Peripheral	  Insulin	  Sensi3vity	  
Following	  Allogenic	  but	  not	  Autologous	  FMT	  

Vrieze	  A.	  Gastroenterol	  2012;143:913-‐6	  



Altered	  Composi3on	  of	  SB	  Microbiota	  
Following	  FMT	  via	  Duodenal	  Infusion	  

Vrieze	  A.	  Gastroenterol	  2012;143:913-‐6	  



Altered	  Composi3on	  of	  Fecal	  Microbiota	  
Following	  FMT	  via	  Duodenal	  Infusion	  

Vrieze	  A.	  Gastroenterol	  2012;143:913-‐6	  



What	  is	  the	  Link	  Between	  CV	  Disease,	  
Cancer,	  and	  Mediterranean	  Diet?	  

Diet	  

CV	  Disease	  

Cancer	  

Metabolic	  
Syndrome	  

Microbiome	  



DM	  and	  CRC	  Risk	  	  

JNCI 2005;97:1679-87 



Detec3on	  Bias?	  

•  The	  Behavioral	  Risk	  Factor	  Surveillance	  System	  
data	  (1993,	  1995,1997)	  

Bell RA, et al. Prev Med 2001;32:163-167 



Detec3on	  Bias?	  

Type	  II	  DM	  
OR	  (95%CI) 

DM	  Dx	  prior	  to	  
Index 

DM	  Dx	  1yr	  
prior	  to	  Index 

DM	  Dx	  2yrs	  
prior	  to	  Index 

DM	  Dx	  3yrs	  
prior	  to	  Index 

Crude 
1.43	  	  

(	  1.27-‐1.62)	   
1.39	  	  

(	  1.22-‐1.59)	   
1.34	  	  

(	  1.16-‐1.55) 
1.34	  	  

(	  1.14-‐1.57)	   

Adjusted* 
1.38	  	  

(1.22-‐1.56)	   
1.33	  	  

(1.16-‐1.52)	   
1.28	  	  

(1.10-‐1.49) 
1.28	  	  

(1.09-‐1.50)	   

*Adjusted for sex, cholecystectomy, BMI, smoking, NSAID/aspirin use 

Yang et al. Clinical Gastroenterology & Hepatology 2005;3:587-94 

Crude and multivariable adjusted ORs and 95% CIs 



Control	  of	  DM	  Seems	  Less	  Important	  

Yang	  YX.	  Cancer	  Epidemiol	  Biomarkers	  Prev	  2010;19:3027-‐3036	  



What	  is	  the	  Link	  Between	  CV	  Disease,	  
Cancer,	  and	  Mediterranean	  Diet?	  

Diabetes	  

Inflamma3on	  

Cancer	  

Diet	  
	  

Microbiome	  



Exposure	  (Chronic	  Use)	   Adjusted	  OR	  
Aspirin	   0.77	  (0.67-‐0.88)	  
NSAIDs	   0.54	  (0.44-‐0.67	  
Cox-‐2	  inhibitor	   0.58	  (0.28-‐1.17	  

An3-‐inflammatory	  Drugs	  Associated	  
with	  Lower	  CRC	  Risk	  

Nested	  case-‐control	  study	  in	  THIN	  
N=21,185;	  7080	  cases	  with	  CRC	  
Chronic	  use	  defined	  as	  receipt	  of	  a	  prescrip3on	  in	  each	  
of	  the	  60-‐day	  intervals	  between	  1	  and	  360	  days	  prior	  to	  
diagnosis	  

Lewis	  JD.	  Pharmacoepidemiol	  Drug	  Saf	  2007:16:393-‐401	  



•  Dietary	  Inflammatory	  Index	  
– Based	  on	  correla3on	  of	  dietary	  components	  with	  
inflammatory	  biomarkers	  	  
•  Markers	  =	  IL-‐1β,	  IL-‐4,	  IL-‐6,	  IL-‐10,	  TNFα,	  and	  CRP	  	  
•  45	  specific	  foods	  and	  nutrients	  

–  Saturated	  fat	  and	  trans-‐fats	  among	  the	  most	  pro-‐
inflammatory	  

–  Fiber	  among	  the	  most	  an3-‐inflammatory	  

–  In	  the	  WHI	  FFQ,	  32	  of	  the	  45	  original	  DII	  

An3-‐inflammatory	  Diet	  Associated	  
with	  Reduced	  CRC	  Risk	  

Shivappa	  N.	  Public	  Health	  Nutr	  17:1689–1696	  



Q1	  (−7.055,	  
<−3.136)	  
(healthiest)	  

Q2	  
(−3.136,	  <
−1.995)	  

Q3	  
(−1.995,	  <
−0.300)	  

Q4	  
(−0.300,	  
<1.953)	  

Q5	  (1.953,	  
5.636)	  
(least	  
healthy)	   ptrend	  

Referent	   HR	  (95	  %	  
CI)a	  

HR	  (95	  %	  
CI)	  

HR	  (95	  %	  
CI)	  

HR	  (95	  %	  
CI)	  

Age-‐
adjusted	  
model	  

1.00	   1.10	  (0.96,	  
1.26)	  

1.06	  (0.93,	  
1.22)	  

1.11	  (0.97,	  
1.27)	  

1.38	  (1.21,	  
1.57)*	   <0.0001	  

Mul3variab
le-‐adjusted	  
modelb	  

1.00	   1.05	  (0.91,	  
1.21)	  

0.98	  (0.84,	  
1.13)	  

1.02	  (0.88,	  
1.19)	  

1.22	  (1.05,	  
1.43)*	   0.02	  

Colorectal	  
cancer	  
cases,	  
1,920	  

365	  
(19.0	  %)	  

388	  
(20.2	  %)	  

359	  
(18.7	  %)	  

373	  
(19.4	  %)	  

435	  
(22.7	  %)	  

An3-‐inflammatory	  Diet	  Associated	  
with	  Reduced	  CRC	  Risk	  -‐	  WHI	  

Tabung	  FK.	  Cancer	  Causes	  Control.	  2015:26:	  399–408	  



Dietary	  Fiber	  
•  Nondiges3ble	  

polysacharides,	  
oligosacharides,	  	  
lignen,	  and	  
resistant	  starch	  

•  Major	  source	  of	  
SCFAs	  in	  the	  gut	  

•  Variable	  
fermenta3on	  
paserns	  

Lewis	  JD.	  Gastoenterology	  2016	  



SCFA	  Produc3on	  Depends	  on	  the	  Gut	  
Microbiome	  

Maslowski	  KM.	  Nat	  Immunol	  2011;12:5-‐9.	  



Adherence	  to	  MSD	  and	  Fecal	  SCFAs	  

F	  De	  Filippis.	  Gut	  2015	  



HR	  for	  CRC	  in	  EPIC	  Cohort	  (per	  10	  g/day	  
increase	  in	  total	  dietary	  fiber	  intake)	  

Murphy	  N,	  Norat	  T,	  Ferrari	  P,	  Jenab	  M,	  Bueno-‐de-‐Mesquita	  B,	  et	  al.	  (2012)	  Dietary	  Fibre	  Intake	  and	  Risks	  of	  Cancers	  of	  the	  Colon	  and	  Rectum	  in	  
the	  European	  Prospec3ve	  Inves3ga3on	  into	  Cancer	  and	  Nutri3on	  (EPIC).	  PLOS	  ONE	  7(6):	  e39361.	  doi:10.1371/journal.pone.0039361	  



•  Folic	  acid	  
–  -‐0.190	  on	  Dietary	  Inflammatory	  Index	  
– Pooled	  RR	  for	  CRC	  (highest	  vs.	  lowest	  quin3le	  of	  
intake)	  0.92	  (95%	  CI	  0.84-‐1.00)	  

•  Magnesium	  
–  -‐0.484	  on	  Dietary	  Inflammatory	  Index	  
– Pooled	  RR	  for	  CRC	  (highest	  vs.	  lowest	  quin3le	  of	  
intake)	  0.89	  (95%	  CI	  0.79-‐1.00)	  

Other	  Dietary	  Components	  Proposed	  
to	  Reduce	  Risk	  of	  CRC	  

Chen	  GC.	  European	  Journal	  of	  Clinical	  Nutri3on.	  66(11):1182-‐6,	  2012	  	  
Kim	  DH.	  Cancer	  Causes	  &	  Control.	  21(11):1919-‐30,	  2010	  	  
Shivappa	  N.	  Public	  Health	  Nutr	  17:1689–1696	  



How	  Diet	  &	  Microbiome	  May	  Increase	  
Risk	  of	  Cancer	  

Louis	  P.	  Nature	  Reviews	  Microbiol	  2014	  



Quar<le	  1	   Quar<le	  2	   Quar<le	  3	   Quar<le	  4	   P	  trend	  
Overall	  CRC	   Ref	   0.95	  	  

(0.80-‐1.14)	  
0.95	  	  

(0.79-‐1.14)	  
0.85	  	  

(0.69-‐1.03)	  
0.08	  

F	  nucleatum	  
posi3ve	  CRC	  

Ref	   0.56	  	  
(0.34-‐0.92)	  

0.70	  	  
(0.44-‐1.10)	  

0.43	  	  
(0.25-‐0.72)	  

0.003	  

F	  nucleatum	  
neg3ve	  CRC	  

Ref	   1.04	  	  
(0.86-‐1.26)	  

1.00	  	  
(0.83-‐1.22)	  

0.95	  	  
(0.77-‐1.17)	  

0.47	  

Quar3les	  Based	  on	  Prudent	  Dietary	  Pasern	  Score	  

Health	  Professionals	  Follow-‐up	  Study	  (1986-‐2012)	  and	  the	  Nurses’	  
Health	  Study	  (1980-‐2012).	  



What	  is	  the	  Link	  Between	  CV	  Disease,	  
Cancer,	  and	  Mediterranean	  Diet?	  

Diabetes	  

Inflamma3on	  

Cancer	  

Diet	  
	  

Microbiome	  
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0.8%, respectively). The differential distribution of Firmicutes
and Bacteroidetes delineates profound differences between the
two groups (Fig. S1).
Statistical analysis using a parametric test (ANOVA) indicates

that Firmicutes (P = 7.89 × 10−5) and Bacteroidetes (P = 1.19 ×
10−6) significantly differentiate the BF from the EU children.
This result is strengthened by the nonparametric Kruskal–Wallis
test, which again indicated significant discriminating factors in
Firmicutes (P = 3.38 × 10−5), Bacteroidetes (P = 4.80 × 10−4),
Actinobacteria (P = 8.82 × 10−3), and Spirochaetes (P = 1.11 ×
10−5) phyla. Firmicutes are twice as abundant in the EU children
as evidenced by the different ratio between Firmicutes and
Bacteroidetes (F/B ratio ± SD, 2.8 ± 0.06 in EU and 0.47 ± 0.05
in BF), suggesting a dramatically different bacterial colonization
of the human gut in the two populations. Interestingly, Prevotella,
Xylanibacter (Bacteroidetes) and Treponema (Spirochaetes) are
present exclusively in BF children microbiota (Figs. 2 A and B,
Fig. S2, and Table S5). We can hypothesize that among the
environmental factors separating the two populations (diet,
sanitation, hygiene, geography, and climate) the presence of

these three genera could be a consequence of high fiber intake,
maximizing metabolic energy extraction from ingested plant
polysaccharides.
Diet plays a central role in shaping the microbiota, as dem-

onstrated by the fact that bacterial species associated with a high-
fat, high-sugar diet promote obesity in gnotobiotic mice (12). In
such a model, indigenous bacteria maintain energy homeostasis
by influencing metabolic processes. The ratio of Firmicutes to
Bacteroidetes differs in obese and lean humans, and this pro-
portion decreases with weight loss on low-calorie diet (9). It is
therefore reasonable to surmise that the increase in the F/B ratio
in EU children, probably driven by their high-calorie diet, might
predispose them to future obesity. This F/B ratio may also be
considered a useful obesity biomarker.

16S rRNA Gene Surveys Reveal Hierarchical Separation of the Two
Pediatric Populations. We further assessed differences in the total
bacterial community at the single sample level by clustering the
EU and BF samples according to their bacterial genera as found
by the RDP classifier (Ribosomal Database Project v. 2.1).

Fig. 2. 16S rRNA gene surveys reveal a clear separation of two children populations investigated. (A and B) Pie charts of median values of bacterial genera
present in fecal samples of BF and EU children (>3%) found by RDP classifier v. 2.1. Rings represent corresponding phylum (Bacteroidetes in green and
Firmicutes in red) for each of the most frequently represented genera. (C) Dendrogram obtained with complete linkage hierarchical clustering of the samples
from BF and EU populations based on their genera. The subcluster located in the middle of the tree contains samples taken from the three youngest (1–2 y
old) children of the BF group (16BF, 3BF, and 4BF) and two 1-y-old children of the EU group (2EU and 3EU). (D) Relative abundances (percentage of sequences)
of the four most abundant bacterial phyla in each individual among the BF and EU children. Blue area in middle shows abundance of Actinobacteria, mainly
represented by Bifidobacterium genus, in the five youngest EU and BF children. (E) Relative abundance (percentage of sequences) of Gram-negative and
Gram-positive bacteria in each individual. Different distributions of Gram-negative and Gram-positive in the BF and EU populations reflect differences in the
two most represented phyla, Bacteroidetes and Firmicutes.
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• Supplementa3on	  of	  diets	  with	  fermentable	  substrates	  in	  omnivores	  residing	  in	  
industrialized	  na3ons	  does	  not	  generally	  lead	  to	  an	  increase	  in	  fecal	  SCFA	  levels.	  

• Removal	  of	  fermentable	  substrates	  from	  the	  diet	  of	  omnivores	  residing	  in	  
industrialized	  na3ons	  leads	  to	  a	  significant	  reduc3on	  in	  fecal	  SCFAs	  (Lawrence	  et	  al.	  
Nature	  2013,	  Duncan	  et	  al.	  2007).	  

Wu	  GD.	  Gut.	  2014	  Nov	  26.	  pii:	  gutjnl-‐2014-‐308209.	  doi:	  10.1136/gutjnl-‐2014-‐308209.	  
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All	  trends	  with	  
p<0.001	  
(Spearman)	  

Why	  is	  the	  
incidence	  of	  cancer	  
so	  much	  higher	  in	  
the	  colon	  and	  
rectum	  than	  in	  the	  
small	  bowel	  despite	  
the	  small	  bowel	  
being	  much	  larger?	  



Complex	  Rela3on	  Between	  Diet,	  
Inflamma3on	  and	  Cancer	  

Diabetes	  

Inflamma3on	  

Cancer	  

Diet	  
	  

Microbiome	  



COMBO	  Analy3c	  Pipeline	  

Is	  there	  an	  associa3on	  between	  overall	  composi3on	  of	  the	  diet	  and	  
composi3on	  of	  the	  gut	  microbiome?	  

Analy3c	  Method:	  Summarize	  microbiome	  data	  using	  UniFrac	  distance	  
matrices	  as	  principle	  coordinates	  and	  summarizing	  the	  
diet	  data	  using	  a	  nutrient	  data	  matrix	  (Singular	  Value	  
Decomposi3on-‐SVD)	  to	  produce	  several	  principle	  
components.	  

The	  Result:	  

P	  Value	  (Weighted)	   P	  Value	  
(Unweighted)	  

Recall	  (PC1)	   0.075	   0.021	  

FFQ	  (PC2)	   0.016	   0.053	  



COMBO	  	  

Are	  nutrients	  associated	  with	  
specific	  bacterial	  taxa?	  

Analy3c	  Method:	  Calcula3on	  of	  
Spearman	  Correla3on	  Coefficient	  
using	  nutrient	  and	  taxanomic	  
abundance.	  

demographic factors (table S1). For each nu-
trient, we performed PERMANOVA (9) to test
for nutrient microbiome association, from which
we identified 72 and 97 microbiome-associated
nutrients in Recall and FFQ, respectively, at a
false discovery rate (FDR) of 25% (the relatively
high value was used so as not to miss possible
effects of diet on low-abundance bacteria). Both
weighted and unweighted UniFrac identified
similar nutrients, although the discrimination was
sharper with unweighted UniFrac, indicating that
change in community membership rather than
community composition was the main factor.

For each of these nutrients, we used Spearman
correlations to identify the associated bacterial
genera. We considered only the 78 taxa that had
abundance ≥0.2% in at least one sample and ap-
peared in more than 10% of the samples. Figure
1 shows a heat map summarizing Spearman cor-
relations between nutrients from the FFQ and
bacterial taxa. For a given taxon, individual nutri-
ents account for 3 to 20% of the between-subject
variation in abundance.

Nutrients of the same food groups from Recall
and FFQ tended to cluster together (fig. S1A).
The nutrients from fat versus plant products and
fiber showed inverse associations with microbial
taxa (Spearman r = –0.68, P < 0.0001). Inverse
associations were also seen with amino acids and
proteins versus carbohydrates (Spearman r =
–0.73, P < 0.0001) and with fat versus carbo-
hydrates (Spearman r = –0.61, P = 0.0001).
Phyla positively associated with fat but neg-
atively associated with fiber were predominant-
ly Bacteroidetes and Actinobacteria, whereas
Firmicutes and Proteobacteria showed the op-
posite association. However, within each phylum,
not all lower-level taxa demonstrated similar cor-
relations with dietary components (fig. S1B).
Taxa correlated with BMI also correlated with
fat and percent calories from saturated fatty acids
(fig. S1B and table S1).

Following the suggestion by Arumugam et al.
(4) that the human gut microbiome can be parti-
tioned into enterotypes, we investigated whether
the 98 COMBO samples partitioned into clusters
that were detectably associated with dietary or
demographic data (Fig. 2). Several methods for
data processing and clustering were compared
(fig. S2). In one analytical approach (weighted
UniFrac, no lane masking; fig. S2), partitioning
around medoids (PAM) analysis favored parti-
tioning into three clusters, although with quite
low support (silhouette score 0.2) suggesting that
clustering could be due to chance. Comparison to
the three genera specified byArumugam et al. (4)
showed that relatively high levels of the genera
Bacteroides and Prevotella distinguished two of
the clusters, whereas the third showed slightly
higher levels of Ruminococcus. However, most
methods showed two clusters, with stronger sup-
port (Fig. 2; Jensen-Shannon distance, silhouette
score 0.66), in which the Bacteroides enterotype
was fused with the less well distinguished
Ruminococcus enterotype. As described below,
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Fig. 1. Correlation of diet and gut microbial taxa identified in the cross-sectional COMBO analysis. Columns
correspond to bacterial taxa quantified using 16S rDNA tags; rows correspond to nutrients measured by dietary
questionnaire. Red and blue denote positive and negative association, respectively. The intensity of the colors
represents the degree of association between the taxa abundances and nutrients as measured by the Spearman’s
correlations. Bacterial phyla are summarized by the color code on the bottom; lower-level taxonomic assign-
ments specified are in fig. S1. The dots indicate the associations that are significant at an FDR of 25%. The FFQ
data were used for this comparison (both FFQ and Recall dietary data are shown together in fig. S1). Columns
and rows are clustered by Euclidean distance, with rows separated by the predominant nutrient category.
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Inflammatory Bowel Disease (IBD) Afflicts 
Approximately 1-1.5 Million People in the U.S. Alone 



Incidence	  of	  IBD	  Increasing	  Worldwide	  

Molodecky MA. Gastroenterology 2012;142:46-54 

CD	  

UC	  

NA	  &	  
Europe	  
(70s-‐80s)	  

Asia	  
(2000s)	  

Loftus EV. Gastroenterology 2004;126:1504 



Cumula3ve	  Incidence	  CRC	  in	  UC	  

Total	  Coli<s	  
Cumula<ve	  Risk	  

10	  years	  -‐	  2.1%	  	  

20	  years	  -‐	  8.5%	  

30	  years	  -‐	  17.8%	  

Meta-‐analysis	  of	  19	  studies	  

Eaden	  at	  a.	  Gut	  2001;48(4):526-‐35	  



Chronic	  Inflamma3on	  -‐	  Culprit?	  

•  68	  pa3ents	  with	  neoplasia	  detected	  during	  
surveillance	  

•  136	  controls	  matched	  on	  age	  at	  onset,	  
dura3on	  of	  coli3s,	  extent	  of	  coli3s,	  and	  sex	  

•  Univariate	  	  
– Endoscopic	  inflamma3on	  OR=5.33	  (2.0-‐14.2)	  
– Histologic	  inflamma3on	  OR=6.98	  (2.4-‐20.2)	  

•  Mul3variable	  
– Histologic	  inflamma3on	  OR=5.40	  (1.8-‐16.0)	  

Ruser	  M,	  et	  al.	  Gastroenterology	  2004:126:451-‐9	  


