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Abstract

Champions hold the world’s attention and their performances both
inspire and generate curiosity. Whether they are born champions or are
the product of scientific training mechanisms and tremendous hard work
is a debate that rages on with every convincing victory that throws up
an invincible winner. Sporting history is replete with examples where the
sporting fraternity was forced to research characteristics and traits that
marked their invincibility. Some studies showed that the complete domi-
nation of Kenyan and Ethiopian runners in the middle- and long-distance
events and Usain Bolt’s phenomenal success could also be attributed to
their higher haemoglobin and slow twitch muscle fibres suited for en-
durance running and speed. Many believed that Michael Phelps’s wider
wingspan, and unique genetic disposition of producing less lactic acid gave
him an unfair advantage over his competition. There are many such ex-
amples that keep bringing back the question – are champions made or
born? The more pragmatic researchers who emphasize on scientific train-
ing, hard work and personal motivation too have not been able to dismiss
the role of genetic predisposition. Given the level of competition and
hard work that these champions endure to become winners makes this
an interesting case study. This paper analyses the complex interplay be-
tween the roles played by genetic disposition and training in an athlete’s
performance.

1 Introduction

The impact of genetics on sports performance is a hugely contentious debate in
the sporting fraternity. While some like Michael Phelps were hailed as super-
natural and genetically blessed because of his unusually wide wingspan, double-
jointed ankles and his physical distinctiveness wherein his body apparently pro-
duced half the lactic acid as compared to his fellow competitors, which gave him
a huge biological advantage over his fellow athletes, others like Caster Semenya,
the two time Olympic champion from South Africa, became the subject of con-
troversy. Her body allegedly produced higher testosterone levels than most
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women–a finding that led the Court of Arbitration for Sport to rule that she
would have to lower her testosterone levels through medication to compete in
the women category [Ing19,SEM16], making her a prominent face in the annual
list of ”50 People That Matter” for unintentionally instigating ”an international
and often ill-tempered debate on gender politics, feminism, and race, becoming
an inspiration to gender campaigners around the world” in the 2010 edition of
the British magazine New Statesman.

The absolute domination of the Kenyan long-distance runners is another
trigger that sparked the debate on genetic endowment. Physiological advan-
tages of Africans have recently been studied by Weston et al, whose studies
revealed that “Africans had elevated citrate synthase and 3-hydroxyacyl CoA
dehydrogenase activity and enhanced resistance to fatigue in a treadmill trial
designed to imitate the stresses involved in 10 km running”. [AR99]. They also
demonstrated lower blood lactate concentrations at higher speeds. Another
study revealed that they had relatively higher haemoglobin and haematocrit,
metabolic efficiency and helpful skeletal-muscle-fibre composition and oxidative
enzyme profile that gave them the advantage over equally motivated and trained
athletes. [WR12] Research has shown that one of the main factors that con-
tributes to strength/power which is essential to be a sports champion is also
biomechanically based, highlighting genetics once again. Since most sports de-
mand agility and brute force, “joint torque – this is how fast and/or powerfully
a joint can move based on the force that a muscle applies to it” is important.
[Coy07]. This enhanced joint torque helps an athlete generate greater power
and speed in rotational movements, helps in maintaining better balance, en-
hances precision in movement towards a given goal/target even at odd, angled
movement, enhances endurance and facilitates faster recovery; all of which are
crucial for an athlete’s performance. [Mus23] Interestingly, orthopaedic research
on reconstruction of joints and/or soft tissue attachments has shown that at-
tachment site of a tendon is a crucial determinant of the range of motion of a
joint and joint torque at various positions [Yam07,Miz23 ]. These muscle at-
tachment mechanisms and positions are all genetic. Strength and endurance is
also dependent on the muscle fibre type [Tes85]. It is proven that fast twitch
muscle fibres produce more force and power than slow twitch fibres – primarily
because they are larger in size, giving players with the former a genetic advan-
tage especially in sprinting. This was often one of the attributes that supposedly
made Usain Bolt unstoppable and matchless. [DLCS76]. The type of muscle
fibre may have a direct bearing on the athlete’s performance. For example, the
slow- support long distance runners and the fast-twitch support quick, powerful
movements needed for sports like sprinting or weightlifting. [TP85,ME19]

There is empirical evidence of the fact that “professional bodybuilders more
than likely have some sort of myostatin mutation that allows them to build and
maintain such muscle mass”. [Sch04] Furthermore, the research findings that
elite marathon runners are simply better at dissipating heat than other runners
due to efficient tendon hysteresis and have higher maximum oxygen capacity
again takes us back to genetic predisposition [FEMNes, MD94] .

The genetically blessed dilemma has always stayed enigmatic. Let’s use India
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as an example as it has the largest population of young people in the world. Are
Indians genetically better at excelling in chess than soccer and Basketball? The
query assumes increased pertinence as an 18-year-old Indian Chess grandmaster,
Rameshbabu Praggnanandhaa takes on Magnus Carlsen in the final of the FIDE
world cup at Baku, Azerbaijan. He is an exceptional talent, motivated by
the likes of fellow Indians like Vishwanathan Anand who himself has been a
champion earlier. While some might wonder why the most populous country
with a population of 1.4 billion has never qualified for Soccer or Basketball at
the Olympics/world cup and has only a handful Olympic medals in athletics,
others might argue how India’s cricketing prowess also throws confusing signals,
where two of its most renowned players Sachin Tendulkar and Sunil Gavaskar
became legends in their craft despite very small physical frames. They were
known to take on the might of some of the fastest physically well-endowed
bowlers from other cricketing nations. The world is replete with such examples
with footballers like Lionel Messi and Deigo Maradona making it to the very
top despite a shorter frame, belying the genetics argument to some extent.

Interestingly in the same vein, while on one side we see a distinctive edge
enjoyed by black athletes in all sports requiring high speed and force and the
complete domination of black athletes over their Caucasian counterparts in the
popular NBA, we see Asians and Caucasians dominate racket sports like Ten-
nis and badminton which also require high levels of agility and brute force.
Such contradictions trigger a counter argument that genetic predisposition is a
significant but not the sole prerequisite for excelling in a particular sport.

With the advent of technical tools to make sports training more scientific,
this debate leads to a larger debate of sports genomics. We attempt to analyse
whether champions can be trained and made or if they need to have a certain
genetic predisposition for training to yield the desired results. Add to this the
role played by hard work, motivation, and the role of a supportive team in the
athlete’s success as expanded by Ericsson’s theory of deliberate practice and
its significance in champion development lends an interesting dimension that
cannot be ignored. [Eri93]

2 The Key Fundamentals of Sporting Excellence:

2.1 Physical

The physical qualities of the athletes and players are among the most frequently
studied contributing factors of performance [Fal04] (e.g., Falk, Lidor, Lander, &
Lang, 2004). Sports is built on a strong physical foundation. It is an unavoid-
able principle. Unfortunately, sports training has become a lucrative business
industry of trillions of dollars where parents and athletes are given false as-
surances and introduced to a tough regimen that they cannot keep up with.
The parameters of physical fitness may vary based on the sport. For example,
one can’t have a diminutive basketball player, but the same player might turn
out to be lethal in sports like soccer/ cricket/golf where height is not the only
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advantage. Recreational sport may be for everyone, but competitive sports at
any level involves fierce competition and one must have the physical endurance
to take on the challenge. This prerequisite can be ignored for sports like chess
and other board games that do not involve any physical activity. This is not
as simple and straight forward as it seems as different sports have different
physical requirements. As Vaeyens et al. (2008) argued, the nature of the
sport discipline itself defines to what extent the uni dimensional components
intervene [Vae08]. Moreover, even within specific sport disciplines, the physi-
cal requirements will vary greatly, depending on the position of the players on
the field; This position-specific adaptation has been observed for various sports,
including volleyball [She09] (Sheppard, Gabbe, & Raebery, 2009), handball
[Zap11,Del13] [Zapartidis, Kororos, Christodoulidis, Skoufas, & Bayios, 2011],
and rugby [Delahunt et al., 2013]. These studies reveal that the specifics may
vary. For decades, coaches have obsessed with the “the tale of the tape,” to
measure height, weight and reach to determine a player’s suitability at a com-
petitive level. Now new research out of UC Berkeley suggests that the relative
length of an athlete’s arms to their height might be even more important than
previously believed in sports like NBA, [Bah18] making the term “wingspan”
a key element in NBA. The same advantage was exploited by Michael Phelps
to perfection in his sporting career. Despite variations in the basic sports type
and role, the one thing most studies agree with is that physicality matters in
sports.

2.2 Technical

Technique in any sport is important. Grosser, M. (1982) defines technique as
the ideal model of a movement relative to a specific sport activity. [Roc86] It
refers to the methodology adopted in terms of movements and postures to max-
imise impact, optimize performance, prevent injuries, ensure consistency under
pressure with minimal wastage of effort and force. This technique is the key
to success in sports. These techniques are crucial and are worked on very scien-
tifically and personalised for champions after careful analysis of their physical
attributes and natural abilities and strengths. Michael Phelps’ perfecting the
deep catch or sculling technique to propel him faster and Michael Jordan us-
ing biomechanics to perfect his famous fadeaway are all examples of sportsmen
perfecting techniques to get a competitive advantage.

Michael Jordan’s accomplishments are attributed to his brilliant athleticism
and superior technique. “His planted foot was attached to the floor, making it
easier for him to explode away from his defender at just the right moment”–a
small example of a technique used to perfection.“While others rely on instinct or
muscle memory to make their shots in moments of white-hot pressure, Federer
can delay the moment when he must commit to a shot until impossibly late”
[Fyl09]which is another example of a technique used to perfection by the leg-
endary tennis player Roger Federer.
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2.3 Tactics and Strategy

Brute force and physical attributes mean nothing without a refined skill set.
That is why athletes spend time adding tactical elements to their training and
work on a winning strategy. Athletes have to have a comprehensive understand-
ing of the strategic aspects of the game and how these strategies withstand the
test of a real time game/competition and not just be secure within the precincts
of their training arena. For this they don’t only plan and strategize for them-
selves but also carefully analyse the strategy of their competitors to ensure that
they can have the winning edge by keeping in mind all contingencies and the
counter for it. This is crucial as it “requires players to maintain high quality
of perception, concentration and decision-making for a long time, even when
the player is physically and psychologically overloaded”. [PP18] “Tactics there-
fore elaborates the strategic intention of preparing the player or team in real
conditions of a match and solving situations in match. Tactics point to the pos-
sibilities of solving certain sub-situations within the strategy. It focuses on the
practical implementation of such situations in the match”. [SO18] Tactical
preparation is the process of equipping a sportsman with knowledge, practical
learning and skills that enable the player to choose the optimal solution in each
game situation and apply it effectively. This is crucial for success.

2.4 Psychological Power

Winning is also a mind game. It takes a strong mind and personality to with-
stand the pressure of competitive sports and to remain focussed and determined
in a real time competition that has its fair share of unpredictable variables.
“The psychological factor is usually the determinant that differentiates a win-
ner and a loser in sports” [Bre09] (Brewer, 2009). In studies conducted by
Gould, Dieffenbach, & Moffett (2002) [Gou02] involving ten Olympians, it was
reported that “mental toughness is one of the highest ranked psychological
characteristics that determine a successful performance”. Given the levels of
competition at the highest level, it comes as no surprise that Athletes, coaches,
and applied sports psychologists have consistently referred to mental toughness
as one of the most important psychological characteristics related to outcomes
and success in elite sport.

Grit, optimism, resilience, and perseverance are traits that set apart cham-
pions from the others. They are required to be mentally tough to be able
to sustain the pressure of competition and have to be tough to keep their
self-determined motivation and optimism regardless of the variables and chang-
ing dynamics of the environmental and surrounding factors.
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3 Impact of Genetics on the Key Fundamentals
of Sporting Excellence:

3.1 Impact of Genetics on Physical Force and Strength:

It is widely acknowledged that a favourable genetic profile, when combined with
an optimal training environment, is important for elite athletic performance.
[GL13]. As of 2009, more than 200 genetic variants have been associated with
physical performance, with more than 20 variants being associated with elite
athlete status [BM09] and given the extremely slim margins between victory
and defeat. This is undoubtedly a substantial advantage to possess, ensuring a
favourable head start.

Key basic physical traits like height, which is critical for success in some
sports, is highly heritable, with about 80

The tremendous success of many Kenyan athletes has brought back the
focus to the role of genetics in a sportsman’s success. Studies have shown
that African distance runners have reduced lactic acid accumulation in muscles,
increased resistance to fatigue, and increased oxidative enzyme activity, which
gives them the advantage of high levels of aerobic energy production.[WAik]
Larsen et al., (2015) studied the anthropometric characteristics of elite Kenyan
distance runners and reported that they had longer legs (5

The dynamic cyclist Miguel “Big Mig” Induráin won five Tours de France
from 1991 to 1995 and the Giro d’Italia twice was known to have a remarkably
huge lung capacity and an exceptional heart that allowed his blood to transport
7 liters of oxygen throughout his body per minute compared to 3 to 4 liters
pumped in an average individual.

Basketball greats like Michael Jordan whose 6’6” frame was bestowed with
a wingspan of 6’11”, used his reach to a completely different level. Dwight
Howard’s wingspan of 7 feet 5 inches with a 6 feet 11 inches tall frame made
him formidable; at 7 feet 1 inch tall and 325 pounds, Shaquille O’Neal is a with
size 22 feet used his overpowering physical assets to dominate the court and so
does LeBron James who stands 6 feet 8 inches tall and weighs 250 pounds. His
massive legs allow him to make 700 pounds of pressure per leap making him
faster than most other point guards [Hay17].

3.2 Impact of Genetics on The Technical, Tactics And
Strategy Aspect Of Sports

Technique in any sport is important. Grosser, M. (1982) defines technique as the
ideal model of a movement relative to a specific sport activity. [Roc86] As men-
tioned earlier it refers to the methodology adopted in terms of movements and
postures to maximise impact, optimize performance, prevent injuries, ensure
consistency under pressure with minimal wastage of effort and force.

Agility, speed, force, endurance are key factors to perfecting technique and it
is apparent above that genetics has a crucial role to play in all of them. Athletic
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performance is a complex mix of both genetic and environmental factors. Since
every movement and technique is greatly impacted by the physical traits and
the strength of muscles used for movement (skeletal muscles) and the predomi-
nant type of fibers that compose them, genetics again becomes a focus. These
muscle fibres can’t be created artificially and are nature’s gift. These fibres are
primarily of two types, Slow-twitch muscle fibers contract slowly and can work
tirelessly for a longer duration and hence are an asset for any sport that needs
endurance. Fast-twitch muscle fibers contract quickly but tire rapidly; these
fibers are good for sprinting and other activities that require power or strength.
Other traits that have a direct bearing on whether a trained sportsman can
stick to technique in a high pressure competitive environment is also related
to aerobic capacity, muscle mass, height, flexibility, coordination, intellectual
ability, and personality; all of which have a direct genetic connection.

Basketball and soccer are two of several combination anaerobic and aerobic
sports in which athletes need power, speed, quickness, agility, and strength
[NSC17] and studies have revealed how genetic composition can have a direct
bearing with them. There is no doubt that a motivated athlete could train
harder to overcome odds and defy the genetic advantage of an opponent, but
champions need only that fraction of an advantage to take the lead sometimes,
and that minuscule advantage might be the defining difference.

The ability to generate maximal power during complex motor skills is of
paramount importance to successful athletic performance across many sports
[Cor11] and has a direct bearing on their ability to implement technique to
perfection. This is why there is emphasis on power training to improve maxi-
mal power production in dynamic, multi-joint movements. Muscle strength is
directly related to its fibre composition and hence genetics comes in. Studies
have been consistent in their findings to indicate the significant role of genes in
the way an individual’s body responds to exercise and strength training which
have a direct bearing on whether an athlete can execute a given technique to
perfection. A recent study found that up to 72

Technique, tactics, and strategy are perfected through training and other
factors like diet and nutrition. Research on aerobic endurance shows that some
people respond more to training than others. Genetically gifted athletes are
likely to respond better to training as compared to equally motivated less ge-
netically blessed athletes and their bodies are likely to have increased number of
mitochondria in cells that produce Adenosine triphosphate (ATP), the source of
energy usage and storage at the cellular level [MJ19a]. Tactics and strategy are
another key pillar of sporting success. A powerful athlete can implement this
strategy with brute force and impeccable precision and is also capable of destroy-
ing that of his opponent however well prepared. Any race/match is won because
the winner has the capacity to outdo and outperform the tactics and strategy of
his/her opponents. All athletes at the highest level come with the highest levels
of training and motivation, as one cannot compete at the highest level without
it. In the face of this intense competition, studies focused on similarities and
differences in athletic performance within families, including between twins, sug-
gesting that genetic factors underlie 30 to 80 percent of the differences among
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individuals in traits related to athletic performance[AI15,AI16,WN15,YX16],
which is percentage that cannot be ignored.

3.3 Impact of Genes On Psychological Power

Athletes’ success or failure is not unidimensional rather it is multifactorial; it
is a combination of multiple factors including physical, tactical, technical, and
psychological factors. The psychological factor is usually the determinant that
differentiates a winner and a loser in sports [Bre09a]. (Brewer, 2009). Studies by
Weinberg and Gould (2003) [Wep03] indicated that mental ability contributed
over 50

Clough et al. described mentally tough individuals “as tending to be socia-
ble and outgoing as they can remain calm and relaxed, they are competitive
in many situations and have lower anxiety levels than others. With a high
sense of self-belief and an unshakable faith that they control their own destiny,
these individuals can remain relatively unaffected by competition or adversity.”
[CP12a,CP02,CP12b]. It is a well known fact that mental/brain health, like our
physical health is a complex interplay of genetics, epigenetics, and behaviour.
Scientists estimate that 20 to 60 percent of our temperament is determined by
genetics and their complex variations or (polymorphisms). For example, vari-
ants in the DRD2 and DRD4 genes have been linked to a desire to seek out new
experiences, and KATNAL2 gene variants are associated with self-discipline and
carefulness. [BD17,PR15] Genes like the; SLC6A4, AGBL2, BAIAP2, CELF4,
L3MBTL2, LINGO2, XKR6, ZC3H7B, OLFM4, MEF2C, and TMEM161B are
known to contribute to anxiousness or depression. Researchers also point to the
genetic variation called ADRA2b which influences the neurotransmitter nore-
pinephrine , and is linked to intense emotional responses and sensitivity . Given
the significance of psychological factors on sports, one cannot ignore this crucial
genetic factor.

4 Deliberate Practice and Expertise Acquisi-
tion

There is a counter belief encouraged by increasing scientific application in the
training of elite athletes that ace athletes can be nurtured and even if they
do not have special natural advantages. There is a relatively widespread belief
that if individuals are innately talented, they can easily and rapidly achieve
an exceptional level of performance once they have acquired basic skills and
knowledge.

Schulz and Curnow (1988) drew attention to the fact that the performance
of players over the Olympic history timeline had only improved in some cases
by more than 50

Drawing a difference between regular performers and champions, these stud-
ies show that with more practice and experience, salient mistakes become in-
creasingly rare, and “everyone’s performance eventually reaches an acceptable
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standard where the need for effortful concentration is minimised”. If the indi-
vidual persists and learns to adapt to situational demands, a stage could come
when the tasks become increasingly automated and the individual could stop
making intentional adjustments. This is where the ace or expert performers are
different as they do not stop the learning curve. “Expert performance continues
to improve as a function of more deliberate practice” [Eri03a]. “The challenge
for aspiring expert performers is to avoid the arrested development associated
with automaticity and to acquire new cognitive skills through their continued
learning and improvement”. By persistently practicing and harnessing one’s
unique talents, “this modification of complex cognitive mechanisms demands
problem-solving skills and undivided concentration” [Eri02]. The key challenge
is to be persistent with deliberate practice and to continue to pursue perfection
in all eventualities with a focussed cognitive approach. Ericsson believed that
“As a result of deliberate practice, many biological characteristics, such as width
of bones, flexibility of joints, size of heart, metabolic characteristics of muscle
fibers, and so forth, can be changed after years of intense and carefully designed
training. Biochemical processes that preserve equilibrium during intense train-
ing influence these anatomical changes” [Eri03b]. (Ericsson, 2003c). Deliberate
practice also helps the expert performers sharpen their “mental representations
that allow the expert performer to bypass the information-processing constraints
imposed by basic capacities” he added. Taking this cue, it could be inferred that
the exemplary reaction mechanisms and superior force and speed exhibited by
ace athletes’ elite athletes in like returning tennis ball of an opponent, can be
attributed to skilled anticipation of events by identification of early predictive
cues and not by superior perceptual acuity or faster cognitive speed alone [ea08].

This theory of deliberate practice also stresses on starting early to give the
potential players the years of practice needed to be an ace sportsman. “In many
domains, such as music and sports, parents arrange for their children to start
practice at very young ages, sometimes as young as 3–4 years of age”. This
early start gives them a huge advantage as they can sharpen their skill sets
with deliberate practice as compared to the late starters. Studies have shown
that beginning deliberate training early in life yields more refined and accurate
adaptive responses and greater cognitive and neurological development.

“The foundations of brain architecture are established early in life through
a continuous series of dynamic interactions between genetic influences, environ-
mental conditions, and experiences” [Fri06,MM06]. This phase has a significant
impact on the brain architecture and “each one of our perceptual, cognitive,
and emotional capabilities is built upon the scaffolding provided by early life
experiences” [GL15].

According to Benjamin Bloom, a professor of education at the University of
Chicago, and author of the book “Developing Talent in Young People”, which
examined the critical factors that contribute to talent, “all brilliant performers
had practiced intensively, had studied with devoted teachers, and had been sup-
ported enthusiastically by their families throughout their developing years His
stud included the retrospective look at the childhoods of 120 elite performers
who had won international competitions or awards in fields ranging from music
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and the arts to mathematics and neurology [Blo85b]. His study focussed on
deliberate practice and motivated training and overwhelmingly, leaned towards
the concept that experts are always made, not born. These studies make a
clear distinction between regular practice and deliberate practice with the lat-
ter more focussed towards refining the practice to cover all shortcomings and
reaction to unpredictable variables that may stand in the way of an ultimate
victory. “Not all practice makes perfect. You need a particular kind of prac-
tice—deliberate practice—to develop expertise. When most people practice,
they focus on the things they already know how to do. Deliberate practice is
different. It entails considerable, specific, and sustained efforts to do something
you can’t do well—or even at all. Research across domains shows that it is
only by working at what you can’t do that you turn into the expert you want
to become” [KAEC07]. Deliberate practice involves two kinds of learning: im-
proving the skills you already have and extending the reach and range of your
skills. The enormous concentration required to undertake these twin tasks lim-
its the amount of time you can spend doing them. The famous violinist Nathan
Milstein wrote: “Practice as much as you feel you can accomplish with concen-
tration. The general belief of most experts is even the most gifted performers
need a minimum of ten years (or 10,000 hours) of intense training before they
win international competitions, making it difficult and sometimes impossible for
late starters to catch up with competitors who started earlier started earlier and
maintained maximal levels of deliberate practice as rushing through the same
levels of deliberate practice can lead to exhaustion and injuries. Ace Golfer, like
Tiger Woods who started deliberate practice really young in life, is an example
of this approach. Tennis great, Federer himself confessed that he didn’t see
himself as a genius but worked hard at it.

5 The Interplay of Genetics And Training - Epi-
genetics Context

Epigenetics explains how a gene’s expression can be turned on and off due
to external environmental influences, giving athletes an opportunity to work
on the genes that favour their performance. These external influences include
lifestyle choices, diets and nutrition, environmental pollution, stress and anxiety,
quality, and quantity of sleep etc. role epigenetics plays in activating key SNPs
that could eventually impact the various physical and mental parameters that
are crucial for an athlete to perform optimally.

A fine example of this is the increasing emphasis on nutrigenomics research
to provide a personalised nutrition plan to each athlete based on their genetic
makeup to ensure favourable epigenetic transformation. This is the key as it is a
well-known fact that athletic performance depends a great deal on the nutrition
that is given to the athlete. As different body and genetic makeup types respond
differently to the same type of diet regimens, it is essential that the athlete be
given the nutrition that works well for his/her body type. The importance of
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a personalized sports nutrition plan was highlighted by the American College
of Sports Medicine which stated that “Nutrition plans need to be personalized
to the individual athlete. . . and take into account specificity and uniqueness
of responses to various strategies” [TD16]. These strategies encompass over-
all dietary patterns, macronutrient ratios, micronutrient requirements, eating
behaviours (e.g., nutrient timing), and the judicious use of supplements and
ergogenic aids.

Given the high stakes of building champions at the world stage, these stud-
ies also study the genetic variants which have a direct bearing on the way they
absorb, metabolize, utilize, and excrete nutrients. [ND14]. Given the scientific
foundation of this approach it has been found that given gene diet actionable
advice has positively encouraged individuals and they are more likely to change
health behaviors, including their dietary choices and intakes [HJ18], which is a
welcome change. The positive outcome in terms of building muscle power and
endurance levels, agility and speed and physical power and strength has made
this field extremely popular and an increasing number of athletes are depend-
ing on individually tailored dietary and other performance-related information
based on their DNA to stay competitive.

A fine example of this approach is the use of caffeine in the CYP1A2 rs726551
SNP, individuals with the AA genotype (fast metabolizers) to elicit a positive
or “improved” response (i.e., performance). On the contrary, Individuals with
the CYP1A2 AC or CC genotype may either show no effect or an impaired
response to caffeine intake. [GN18]. Another usage example is the one to bring
haemoglobin levels to the optimal level for athletes with diet and supplements.
A low haemoglobin production decreases the oxygen carrying capacity of the
blood, leading to a lack of oxygen to working muscles and resulting in impaired
muscle contraction and aerobic endurance [HJ01].

Increasing interest in epigenetics is also leading to considerable research fo-
cus on research investigating individual variation in response to exercise train-
ing, playing sports and exercise genomics, a key factor in athletic training and
performance enhancement. [VNipAAcFjs17]
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6 Conclusion

Champions are a class apart and have always been the subject of fascination.
It comes as no surprise that their ‘making’ has intrigued many, leading to some
interesting debates on whether they are a product of nature or can be nurtured.
This debate is as old as sport itself. Its theoretical context can be traced back
to accounts of Hippocrates (460–370 BC), the father of medicine, in his Book 1
(Dietetics) where he stressed on the relative nature versus nurture contribution
highlighting the importance of health and the role of a diet and exercise “regi-
men” in maintaining it. “Eating alone will not keep a man well; he must also
take exercise. For food and exercise, while possessing opposite properties, yet
contribute mutually to maintain health. For it is the nature of exercise to use
up material, while of food and drink to restore them. And it is necessary, as it
appears, to determine exactly the powers of various exercises, both natural and
artificial exercises, and which of them contribute to the development of muscle”.
However, even though he seems to be making a reference to the ‘nurture’ aspect
as a requisite for positive health, he, in the same book talks about heritability
which immediately takes us to an individual’s “genetic predisposition”. Cen-
turies later, Galton became the first academic to advocate a hereditary ceiling
to physical and mental capacities [F69,FS92] and formally objected to “pre-
tensions of natural equality” in his landmark paper “The history of twins as a
criterion of the relative powers of nature and nurture”.

It was Ericsson et al who questioned this notion of inherited talent and excep-
tional abilities with his theoretical framework for “deliberate practice”, an alter-
native means to expert performance limiting the role of innate/inherited char-
acteristics on optimal performance. [EK93]. Elite performance, they claimed, is
the “product of a decade or more of maximal efforts to improve performance in
a domain through an optimal distribution of deliberate practice”, thus rejecting
the Galtonian model of innate ability in the making of champions. Ericsson
proposed a very structured approach claiming that “a specific volume of 10,000
h of training to be accumulated over a period of approximately 10 years, as nec-
essary for achieving expert levels [KA.06]. His theory caught the imagination
of a wider audience leading to very motivating publications like Outliers [M08],
The genius in all of us [D.10] etc. These books fuelled a billion-dollar industry
of nutrition and guided fitness.

However, all these theories were questioned based on the ground realities
of the emerging champions, each more gifted than the other. Studies showed
that despite the widespread appeal and popularity of Ericsson’s Framework of
deliberate practice, the more careful analysis of champions did not show an
overwhelming impact of deliberate practice time. Studies show that only 28

Considering the number of body systems that must interact (musculoskele-
tal, cardiovascular, respiratory, nervous, etc.), athletic performance is one of
the most complex human traits. Perhaps the first noticeable difference between
athletes of different specialties is in body morphology (i.e., height and body
composition), with specific body types naturally suited to specific sports. Be-
yond body morphology, endurance, strength, and power are primary factors
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underlying athletic performance.
It is also important to factor that strategy and tactics is not a paper or a

board exercise, it must be implemented in the sporting arena that has its fair
share of real time dynamics. The athletes must be at their peak competency
in terms of their mental, cardiovascular, respiratory, neuromuscular, metabolic,
hormonal, and thermoregulatory systems; each of which have a genetic influence
that is undeniable.

While deliberate practice and the role of environment and a support system
is indeed critically important in the development of elite athletic abilities, dis-
missal of innate abilities resulting from genetic composition altogether in the
making of elite athletes may not be correct. In fact, heritability studies on
physical performance and functional adaptability provided strong evidence of a
significant genetic component to various parameters that ultimately determine
elite performance. Heritability estimates linked to sporting performance, such
as 99

Ironically, these counter findings came mostly at a time when CRISPR gene
editing began to make headlines, leading to a heightened interest in gene dop-
ing and genetic editing to make champions who would be no different from
the natural ones, sometimes even surpassing them with an inserted genetic ad-
vantage. This turn of events has lent yet another scientific dimension to the
nature vs nurture debate, one that is worrying sporting bodies as these genetic
interventions are difficult to trace. [dA08] The raised concerns over genetic
modification or “gene doping” for enhanced performance arise from impressive
studies in genetically modified rodents where manipulation of individual genes
has increased muscle mass, muscle strength, or running endurance, depending
on the gene that was manipulated. Reviews of these animal studies conclude
that such genetic manipulations could also improve human athletic performance
[HL04, SA06, BA07]; inadvertently also solidifying the debate in favour of the
advantages offered by nature. The only irony is that this nature’s advantage
could soon be nurtured.

Evidence from sporting champions clearly shows that both nature and nur-
ture are critical to their success. However, all studies do show the slight ad-
vantage that inheritability offers, one that could make all the difference at the
highest sporting levels. It would be safe to conclude that champions can be
built but only from among those who are favoured by nature bringing us back
to the prophetic statement of Galton, “there is nothing in what I am about say
that shall underrate the sterling value of nurture, including all kinds of sanitary
improvements; may, I wish to claim them as powerful auxiliaries to my cause;
nevertheless, I look upon race as far more important than nurture.”[100,101] He
clearly implied that deliberate practice and environmental factors are undoubt-
edly both critical to sporting excellence, but they do not in themselves produce
elite athletes. The future debate on this may not be as simple as the scientific
community looks to create nature in laboratories.
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