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EDITORIAL

Mining Metabolomics in Mitral Valve Disease
Evangeline L. Scheibe ; Chad E. Grueter , PhD

As the most common naturally acquired cardio-
vascular disease in dogs, myxomatous mitral 
valve disease, or MMVD, affects roughly 9% 

of the canine population,1 with greater incidence in 
smaller breeds and geriatric dogs. Initially known as 
Barlow disease2 in humans, it affects an estimated 2% 
to 3% of the global population, with ≈15% of those in-
dividuals requiring valve surgery3; age is a risk factor in 
developing the disease, as is the case with dogs, and 
prevalence in humans is expected to increase as the 
mean age of the population increases.2

The disease is typified by ballooning of a section of 
a mitral leaflet and its chordae, thereby causing mitral 
regurgitation, which may progress to congestive heart 
failure. MMVD in dogs is most often detected by the 
presence of a heart murmur, and ancillary examinations 
confirm the diagnosis as well as offer prognostic insight.4 
However, there are few known molecular or metabolic 
diagnostic indicators, although it stands to reason that 
they would effectively supplement the currently used 
physical and echocardiographic parameters.5

In this issue of the Journal of the American Heart 
Association (JAHA), Li et al identified numerous bio-
chemical markers in an untargeted metabolomic 
study that compared and analyzed the profiles of 
each stage of MMVD in dogs.6 The authors gener-
ated extensive profiles of 84 client owned dogs, 27 
of which were healthy, staff-owned dogs. The 57 re-
maining subjects were in various stages of MMVD, as 
defined by the American College of Veterinary Internal 
Medicine. In addition to the serum metabolomic assay, 

echocardiographic studies generated structural infor-
mation for each subject that indicated the subject’s 
disease severity. Although dogs with severe, systemic 
diseases or complicating prior conditions were not in-
cluded in the study, there were no exclusions on the 
basis of size, age, breed, or sex.

Because the development of congestive heart fail-
ure can introduce metabolic changes independent of 
MMVD, the authors were particularly interested in sig-
nificant differences between healthy dogs and a pre-
clinical stage of MMVD marked by the presence of an 
mitral regurgitation-induced heart murmur but the ab-
sence of clinical signs of congestive heart failure. The 
authors identified 173 known metabolites with signifi-
cant differences in concentration between all groups, 
of which 94 were between the healthy and the preclin-
ical stages. The identified metabolites were associated 
with several key pathways, >30% of which were linked 
to energy production.

Ketone bodies were increased in all disease stages, 
an occurrence that previous studies have linked to con-
gestive heart failure progression in humans.7 Twenty-two 
acylcarnitines were positively associated with MMVD 
severity, as was carnitine concentration, together in-
dicating a disruption in long-chain fatty acid transport 
and oxidation. Reduced nicotinamide and increased 
quinolinate concentrations were observed in all disease 
groups, which the authors suggest could indicate a 
compromised nicotinamide adenine dinucleotide (NAD+) 
salvage pathway and subsequent activation of de novo 
NAD+ synthesis. Reprogramming of arginine and proline 
metabolism as well as renal insufficiency were evidenced 
by changes in numerous uremic toxins, including argi-
ninate, 2-oxoarginine, 4-guanidinobutanoate, trimethyl-
amine N-oxide, urea, and uric acid.
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The study by Li and colleagues offers a wealth of po-
tential biomarkers and insight on the intricate balance 
of the heart-kidney-gut axis.6 Their findings, however, 
cannot be further explored without also acknowledg-
ing the limitations of their work. Their control group 
was made up of dogs that were significantly younger 
and larger than the other groups, both of which are 
factors that lower their risk of developing MMVD.1,2,4,6,8 
It was a sample of convenience, as the authors them-
selves mention, and in such a preliminary study they 
certainly cannot be faulted for it. It should not be ig-
nored, however, that such a small sample size, partic-
ularly one vulnerable to so many confounding factors, 
inevitably brings with it the possibility of inaccuracy. 
The authors did attempt to mitigate this effect with 
a bootstrap resampling method, and although it was 
effective in that it greatly increased the accuracy and 
trustworthiness of their findings, no amount of sta-
tistical analysis can completely fix a bad sample or 
avoid the risk of overfitting. In a similar vein, compo-
nents, such as diet and breed, were not explored or 
corrected for as potential confounding effects, even 
though breed has been suggested to have an effect 
on MMVD development and progression.8 To their 
credit, the authors readily admit the shortcomings of 
their work and suggest many future directions that 
could eliminate these issues.

This study addressed the hypothesis that “serum 
metabolomics changes reflect adaptations of energy 
substrates and interruptions of energy metabolic ma-
chinery during MMVD progression.” By doing so, the 
authors provide a platform for future hypotheses to 
test clinical and mechanistic studies of the metabo-
lites identified and intertissue communication in forms 
of progressive heart disease. The study was undeni-
ably successful in doing what it set out to do: direct 
further inquiry. From novel therapeutic targets to po-
tential prognostic and diagnostic factors to insight on 
the subtle interplay between metabolic pathways in 

disease, the authors brought forth a wealth of knowl-
edge that should both fuel and direct considerable fu-
ture investigation.
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