
Toward Sportomics: Shifting From Sport Genomics to Sport
Postgenomics and Metabolomics Specialties. Promises,

Challenges, and Future Perspectives
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Together with experience, training, dietary intake, and other envi-
ronmental factors, the biological and genetic makeup of an athlete
play a major role in exercise physiology in terms of performance
and outcomes.1 Sport genomics has shown that some DNA single-
nucleotide polymorphisms can be associated with athlete level and
performance (such as elite/world-class athletic status), having an
impact on physical activity–related variables like endurance;
strength; sprint; power; speed; flexibility; energetic expenditure;
neuromuscular coordination; and respiratory, metabolic, and car-
diorespiratory fitness, among others. Moreover, single-nucleotide
polymorphisms have been shown to correlate with other parame-
ters, including psychological traits.2 The athletic phenotype is
extremely complex and multifactorial, depending on the combina-
tion of different features and characteristics.3 On this basis, sport
performance is a “complex science,” like that of metadata and
multiomics profiles.

Several ambitious projects (like the Exercise at the Limit—
Inherited Traits of Endurance [ELITE], GAMES, Gene Skeletal
Muscle Adaptive Response to Training or Gene SMART, GEN-
ATHLETE, Genetics of Elite Status in Sport or GENESIS, 1000
Athlomes, Super-Athletes, and POWERGENE trials) are aimed at
discovering genomics-based biomarkers with an adequate predic-
tive power.4 These projects are aimed at overcoming the major
drawbacks that plagued previous investigations, generally relying
on small and rather heterogeneous cohorts of athletes. Sport
genomics could enable researchers, athletes, sport scientists, and
coaches/managers to optimize and maximize physical performance
and identify prevention strategies in the field of individual risk of
sport-related injuries (like Achilles tendinopathy or rotator cuff
pathologies).3

However, the athlete genome is only a pebble in the mosaic of
sport physiology.3 Exercise has a profound impact also on the human
proteome, for instance, finely tuning ATP-related pathways and
mitochondrial protein synthesis, as well as proteins belonging to
inflammation, antioxidation, anticoagulation, and iron.5 Moreover,
exercise modulates transcription patterns and epigenetics, as well as
metabolic profiles. All these different omics specialties (like sport
genomics, epigenomics, transcriptomics, proteomics, and metabo-
lomics/metabonomics) converge in a unique approach termed as
“sportomics.”3,6 Introduced for the first time by Brazilian scientist
Cameron and colleagues, the word “metabolomics” can be defined as
a holistic and top-down framework, characterizing all non-hypothe-
sis-framed but data-driven research for systematically uncovering an
individual’s biomolecular changes during exercise and sport.6

Sportomics includes both genomics and postgenomics spe-
cialties and, comprehensively relying on the “athlete’s biological
passport” or profile, would enable the systematic study of sport-
induced responses and adaptations at any level (genome, tran-
scriptome, proteome, etc).3 This is the ambitious goal of the large
collaborative initiative “Athlome Project Consortium,” as stated in

the “Santorini Declaration” during the symposium held in Greece
in May 2015. Pursuing this goal would definitively pave the way
for a personalized, individualized understanding of the orchestrated
effects of physical activity.4

Among others, sport metabolomics is of particular importance
since, unlike genes and proteins, the function of which is depen-
dent on epigenetic changes and posttranslational modifications,
metabolites are the direct result of biochemical interactions and
are, therefore, powerful and reliable factors in physiological
studies.3 Metabolites are produced as the end products of chemical
processes and are considered the final result of gene expression.
Changes in the metabolome occur in the timescale of seconds or
minutes and exactly reflect the physiological status of the body at a
certain time.3 Quintas et al7 used metabolomics to study the
relationship(s) between internal and external load indicators dur-
ing a football season and reported that steroid hormone biosyn-
thesis and metabolism, and tyrosine and tryptophan metabolism
pathways were the main external load indicators in football.
Furthermore, another study correlated endurance performance
with a list of metabolites, which were involved in the energy
metabolism, antioxidant defense, cell damage, and central nervous
system–signaling metabolites.8 In another study, Al-Khelaifi et al9

studied resting blood samples of 4 elite athletes’ categories (high
and moderate endurance, high- and moderate-power athletes) and
reported that high-power and high-endurance athletes showed a
different metabolome, mainly associated with steroid biosynthe-
sis, fatty acid metabolism, oxidative stress, and energy-related
pathways. This study has opened a new insight into sport talent
identification.

However, according to a recently published systematic
review of the studies in the field of sport metabolomics/metabo-
nomics, most researchers have focused on prolonged exercise
practice/programs, while the effects of acute exercise bouts were
generally overlooked, with a few notable exceptions.10 If these
gaps are properly acknowledged and addressed, sportomics could
be highly relevant for sport sciences. Indeed, it could provide
athletes, sport managers/coaches, and other relevant actors and
stakeholders with detailed information concerning personalized
training and nutrition, potentially allowing them to (1) identify
talents, (2) enhance/optimize performance, (3) design ad hoc
training and conditioning programs, and (4) minimize the risk
of injuries and therefore contribute to optimizing each athlete’s
own potential.
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