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Understanding the cont ribut ion of gene-environment  
interact ions in the aet iology of cardiovascular disease, and 
part icularly the role of nut rit ion as a driver for adverse or 
protect ive effects, is of prime importance if  we are to 
reduce the global burden of disease in ageing western 
populat ions. To this end, an array of post -genomic 
technologies (t ranscriptomics, proteomics, metabonomics, 
etc.) have been applied to characterizing heart  disease in 
order to improve our understanding of the aet iology and 
to discover diagnost ic or prognost ic biomarkers of the 
disease. 

Of the ‘ omics’  technologies, metabonomics provides the 
most  accessible window on invest igat ing the impact  of 
nut rit ional intervent ions on cardiovascular health since 
metabolic profi les of easily obtainable biofl uids such as 
blood plasma and urine carry informat ion relat ing both 
to genet ic and environmental infl uences1.  Metabonomics 
relies upon the use of high resolut ion spect roscopic 
techniques, typically either nuclear magnet ic resonance 
(NMR) spect roscopy or mass spect romet ry, to generate 
comprehensive low molecular weight  profi les of biofl uids, 
t issues or cells, which can be subsequent ly modelled and 
interpreted using mult ivariate stat ist ics. By comparison of 
metabolic profi les from samples obtained from groups of 
individuals under dif ferent  physiological or pathological 
condit ions, for example atherosclerosis versus healthy, 
metabolites that  systemat ically dif ferent iate two or more 
condit ions can be obtained and used in a diagnost ic capacity 
or to improve mechanist ic understanding. Although a few 
preliminary metabonomic studies have been conducted to 
characterize the metabolic consequences of atherosclerosis 
either in animal models2 or in humans3,4,  the technology has 

not  yet  been fully exploited with respect  to interrogat ing 
the mechanisms of cardiovascular disease. However, even 
from the limited number of studies undertaken to date, 
evidence suggests that  there is a defi nit ive metabolic 
signature associated with the disease and that  this metabolic 
signature can be modulated by dietary intervent ion.

In a recent  study, in which a metabolic profi ling st rategy 
was applied to a large scale epidemiological study on the 
impact  of diet  on hypertension (the INTERMAP study; 
Internat ional Collaborat ive Study of Macronut rients, 
Micronut rients and Blood Pressure), a range of metabolites 
were ident ifi ed that  dif ferent iated populat ions with vast ly 
dif fering blood pressure levels and lifestyles5.  This 
metabolome wide associat ion study (MWAS) approach 
harnesses the power of large epidemiological cohorts and 
high throughput  metabolic profi ling to generate associat ions 
between metabolism, lifestyle and disease in complex 
free living populat ions. Amongst  the candidate biomarkers 
of hypertension derived from this study several of the 
st rongest  were metabolites involved in gut  microbial 
metabolism or mammalian-microbial co-metabolism and 
included hippurate (inversely associated with BP), 
phenylactetylglutamine and formate. 

The role of the gut  microbiota either in the aet iology and 
development  of disease, or as factors to be considered in 
calculat ing disease risk, is current ly under scrut iny. Co-
evolut ion has infl uenced the microbiome of organisms such 
that  metabolic complementarit y exists within the 
microbiota and that  crit ical biosynthet ic pathways are 
provided for the host  that  signifi cant ly extend host  
metabolic capacity. In addit ion to their primary funct ion in 
host  immunity the microbiota are known to be associated 
with harvest ing of energy, metabolism of xenobiot ics and 
have been implicated in metabolic signaling. Landmark 
studies in both animal models and humans, such as those 
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from Gordon’s group, have shown that  obese and lean 
individuals carry a dif ferent  gut  microbial composit ion6,7.  In 
addit ion to providing a means of invest igat ing mammalian 
biochemical pathways, metabolic profi les can also refl ect  
gut  microbial composit ion or act ivit y. Clear dif ferences in 
microbially-derived metabolites have been shown in 
urinary, fecal and plasma profi les from obese individuals 
with metabolites such as hippurate (glycine conj ugate of 
benzoic acid) and phenylacetylglutamine being associated 
with leaner phenotypes in a range of animal models and in 
man8,9.  Bariat ric surgery is increasingly ut il ized as a 
therapeut ic intervent ion for morbid obesity and is also 
known to cure type 2 diabetes in the maj orit y of cases. 
Metagenomic profi ling of fecal samples post  bariat ric 
surgery have shown a shif t  towards increased numbers of 
proteobacteria9 and in a separate study focusing on the 
plasma metabolite profi le, an increase in 4-cresyl sulfate, 
a microbial metabolite known to be produced by several 
species of Clost ridia was recorded consistent  with a 
modifi ed microbiome post  surgery10.  Collect ively the 
evidence points towards the gut  microbiota playing a 
signifi cant  role in condit ions associated with cardiovascular 
health. One of the most  promising developments in this 
respect  is the abilit y to stat ist ically integrate metabolic 
profi les with metagenomic profi les in order to ext ract  
correlat ions between part icular bacterial species or families 
and metabolites. This has been achieved using correlat ion 
methods11 or bidirect ional l inear proj ect ion methods12 to 
derive core microbial-metabolite associat ions. There is 
much to be learned from this line of invest igat ion and a 

series of studies focussing on the effect  of nut rit ional 
intervent ions on metabolic profi les with respect  to obesity 
and metabolic syndrome have shown that  it  is possible to 
modify the metabolic signature relat ing to microbial 
metabolism, and to link this to phenotypic changes, for 
example weight  loss13.  Transgenomic interact ions have 
been ident ifi ed following the implementat ion of high fat  
diets, with part icular effect  on the gut  microbial products 
of choline metabolism such as methylamines14,  whilst  
administ rat ion of pre- and pro-biot ics have been shown to 
alter plasma lipids favourably, in addit ion to inducing 
changes in a range of urinary gut  microbial metabolites 
including microbially modulated bile acids15.  New research 
indicates that  in both germ free and ant ibiot ic models of 
microbial deplet ion the bile acid profi les of several t issues, 
including that  of the liver, kidney and heart  is signifi cant ly 
dif ferent  from convent ional animals, containing a 
substant ially higher percentage of tauro-conj ugated bile 
acid species (Jonathan Swann unpublished observat ion). 
This indicates that  the presence of microbiota infl uences 
the global metabolism of the host  and may impact  on the 
development  of heart  disease and metabolic disorders. 

Metabolic profi ling is now widely accepted as a clinically 
relevant  tool for invest igat ing disease and is gaining 
credibilit y in probing t ransgenomic interact ions between 
the gut  microfl ora and the host . The t rue impact  of the 
microbiota on cardiovascular disease is yet  to be elucidated 
but  evidence points to a cont ribut ion at  mult iple levels 
ranging from lipid metabolism to generat ing toxic 
metabolites from put refact ion of proteins. Further 

Figure 1 A) Cont rol fed (CF) vs. ca-
loric rest ricted (CR) dogs (Wang et  
al).  B) Lean vs. obese Zucker rats 
(Waldram et  al).

Lean vs. obese zucker rats (Waldram et al.)



Human microbiome evolut ion, health and predisposit ion to disease 5

invest igat ion of this mammalian-microbial interact ion will 
promote a deeper understanding of the pathology and may 
ult imately result  in the discovery of new drug targets.
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