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Abstract

Over the course of the past century it has becomeincreasingly difficult to find
athletes of the size and shape required to compete successfully at the highest level.
SportisDarwinianinthat only the‘fittest’ reach the highest level of participation.
Not every physical characteristic could be expected to play arolein thisselection
process, but two that are important and for which substantial data assemblies
exist, are height and mass. M easurementsof elite athl ete sizeswere obtained from
avariety of sources as far back as records allowed. We charted the shift in these
anthropometric characteristics of elite sportspeople over time, against abackdrop
of secular changesin the general population. Athletesin many sports have been
getting taller and more massive over time; the rates of rise outstripping those of
the secular trend. In open-ended sports, more massive players have an advantage.
Larger players average longer careers and obtain greater financial rewards. In
some sports it is equally difficult to find athletes small enough to compete. In
contrast, there are sports that demand a narrow range of morphological charac-
teristics. In these sports the size of the most successful athletes over the century
has remained constant, despite the drift in the population characteristics from
which they are drawn. A number of social factors both drive and are driven by
the search for athletes of increasingly rare morphology. These include globalisa-
tion and international recruitment, greater financial and social incentives, and the
use of specia training methods and artificial growth stimuli. In many sports the
demand for aspecific rangein body sizereinforcesthe need to adopt questionable
and illegal behavioursto reach the required size and shape to compete at the top
level. Future scenarios aso include ‘gene-farming’ through assortative mating
and athlete gamete banks.

‘Twenty years ago we never felt we'd have this
many big people who could run thisfast. It wasn't
much further back that 250 Ib was big for a line-
man. Now it's not big enough to play. With advances
in nutrition, weights, kinesiology and devel opment
techniques at an early age, we could see the day
when 300 Ib may be the minimum and 350 Ib may
be the standard.’

Bill Tobin

Indianapolis Colts General Manager, 19941

In 1998 dl inside linemen in the National Football
League (NFL) averaged 303.3+ 17lb (135.4+%
7.7kg), n = 463, and the starting players were sig-
nificantly heavier averaging 309.7 = 15.31b (140.1
+ 6.9kg), n = 203 [based on data from NFL].[Z]

There is a current hypothesis that suggests an
‘expanding universe' of athletic bodies. This hy-
pothesis arguesthat characteristic morphologiesin
different sportsarediverging and many are moving
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away from the midpoints of the general popula-
tion. Theideal athletictypeproposed over acentury
agol® isbeing replaced by radically different, highly
specialised and increasingly divergent body types.
Furthermore, the rate of change is greater the fur-
ther the sporting bodies are away from the popula-
tion mean. The hypothesis is based on the notion
that each sport, event and even position within a
sport demands its own unique set of physical and
physiological attributes for success at the highest
level. Undoubtedly, this set of attributes includes
other variables such as motivation and skill level.
However, many of these are difficult to measure
and we are not able to go back through time to
quantify these assetsin yesterday’s athletes. There-
fore, this article is limited to a review of athlete
morphology and how this has becomeincreasingly
optimised within and across sports over the past
century.

Sport is Darwinian, in that only the ‘fittest’
reach the highest level of participation. Not every
physical characteristic could be expected to play a
role in this selection process, and some which are
likely to play arole are difficult or impossible to
measure. Two that are clearly important, which can
be easily measured, and for which substantial data
assemblies are available, are height and mass.

In thisreview, we will focus on the evolution of
height, mass and body massindex (BMI; kg/m?) in
elite sportsindividuals. Specifically, we will chart
the shift in the anthropometric characteristics of
elite sports people over time, against abackdrop of
secular changes in the general population.

Sport fulfilsavery different socia roletoday than
even 50 years ago. 50 years ago, sport was large-
ly participatory, regionally-based, generalised and
semi-professional. Today, it islargely spectatorial,
global, specialised and highly paid. Modern ath-
letes are not only talented performers but cult fig-
ures admired like movie stars and rock singers. In-
deed, sometimesit isaprerequisite for recruitment
that athletes have mediapresence, make aspecified
number of media appearances, or undergo classes
in delivering presentations.[4 What has caused this
revolution in the place of sport in society, and where

0 Adis International Limited. All rights reserved.

will it lead? In this article, we address a specific
factor associated with this broad question: how do
changes in the size and shape of athletes relate to
the shift in sporting culture, both as a cause and
consequence?

Over the course of this century, it has become
increasingly difficult tofind athletes of thesizeand
shape required to compete at the highest level. We
suggest anumber of social factorswhich both drive
and are driven by the search for athletes of increas-
ingly raremorphology. Theseincludeglobalisation
and international recruitment, greater financial and
social incentives and rewards, and the use of spe-
cial training methods and artificial growth stimuli.
We also discuss future scenarios, such as the pos-
sibility of ‘gene-farming’ through assortative mat-
ing and gamete banks.

1. The Concept of the Overlap
Zone (0O2)

1.1 Quantifying Differences Between
Athletic and Nonathletic Populations

Two distributions can differ from each other if
the mean of one is dislocated relative to the other,
and/or if thevariability of oneismarkedly different
from the other. If we are dealing with asingle char-
acteristic, it isrelatively easy to calculate the prob-
ability of someone from agiven population falling
within another population (e.g. the probability of a
young adult male being tall enough to be a basket-
baller).[®! It is more complex when we are dealing
with 2 or more related characteristics, such as height
and mass. In the following sections we outline a
method for calculating the overlap between 2 bi-
variate distributions (e.g. the probability of a young
adult male having the required height and mass to
be a successful footballer). We refer to the prob-
ability of anindividual from one populationfalling
within another population asthe ‘ overlap’ between
the 2 populations. The overlap can best be visual-
ised as the degree of superimposition of the fre-
quency distributions of the 2 populations, and can
be quantified in a statistic we call the overlap zone
(02).

Sports Med 2001; 31 (11)
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1.2 The Univariate OZ

When dealing with a single characteristic (uni-
variate distributions), the OZ isrepresented graph-
ically by the coincidence of two 2-dimensional fre-
guency polygons as shown in figure 1.

Thefirst panel of figure 1 showsthedistribution
of heights in the general population (Australian
males, 18 to 29 years),l8l and the distribution of
reported heights of soccer players.[”:8l Because the
means are not greatly different (178.6 vs 178.3cm),
and the standard deviation (SD) of the sporting pop-
ulation (6.4cm) isnot greatly different fromthe SD
of the genera population (7.1cm), there is a con-
siderable overlap. The second panel showsthedis-
tribution of heights in the general population and
the distribution of reported heights of pursuit cy-
clists.[810 The sporting subpopulation here has a
similar mean height (179.3cm) to that of the gen-
eral population, but a much smaller SD (3.5cm).
Therefore, the overlap is somewhat less. The third
panel shows the distribution of heights of Austra-
lian Football League (AFL) players (AFL records,
1994),[31 with a mean height of 185.4cm; much
taler than the general population. However, the
SDs of the 2 populations are similar (7.1cm for the
genera population, and 6.9cm for the AFL play-
ers). Finally, the fourth panel shows the height of
discus throwers.[*2 The mean height (189.9cm) is
much greater than that of the general population,
and the SD (2.5cm) is much smaller. The overlap
istherefore very small.

1.3 The Bivariate Overlap Zone (BO2)

When we are dealing with 2 related character-
istics (bivariate distributions), the OZ isrepresent-
ed graphically astheoverlap of 2 density ellipses'.
For example, let us imagine now that we are deal -
ing with the distribution of height (the X variable)
and mass (the Y variable) in 2 populations. One
population consists of young adult males. We will
call this population the reference population, and
will designate it by the subscript ‘Ref’. The other
population consists of a sample of sports individ-
uals, the sporting population, which we will desig-
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Fig. 1. Univariate overlap zone distributions for height for poten-
tial and sporting populations. The sports are for male athletes
and were derived as described in the text (from Norton et al.l®!
with permission). AFL = Australian Football League.

nate by the subscript ‘s . We want to know the prob-
ability of someone randomly chosen from the ref-
erence population falling within the sporting pop-
ulation.

Sports Med 2001; 31 (11)
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The first step is to generate a large number of
hei ght-mass datapoints from the reference popula-
tion. If we have accessto avery large random data-
set, we can avoid the need to generate datapoints,
but thisisrarely the case. To generate ‘ pseudodata’
from thereference population, we need to know the
mean and SD of the X and Y variables within that
population (Xre and sXger; Yret @nd SYRget), the
equation of the line of best fit relating X to Y (of
the form Y' = bX + a), and the standard error of
estimate of that line of best fit (SEEge). Once we
have these statistics, we generate alarge number of
X valuesusing anormal random number generator.
For each X value, we calculate the corresponding
Y value using the equation of the line of best fit,
introducing randomness by using SEEg. asthe er-
ror term.

We now have alarge number of XY datapoints
from the reference population. We next calculate
the probability of each generated XY point falling
within the sporting population. Thisis done using
astatistic which follows a x2 distribution:[12

X2 = U(1-rs?)[(X —Xg)%/sXs?
—2r(X = XJ(Y = Y9/(sXsSY9) + (Y —Y9?sYs?

where X and Y are the values of any XY datapoint
from the reference population, rsis the correlation
between the X and Y characteristicsin the sporting
population; Xsisthe sample mean of the X variable
inthe sporting population; sXsisthe estimated stand-
ard deviation of the X variablein the sporting pop-
ulation; Y ¢ isthe sample mean of the Y variablein
the sporting population; and sYs is the estimated
standard deviation of the Y variablein the sporting
population. The statistics for the sporting popula-
tion are usually gathered from published literature.

Once we have the X2 value associated with each
XY datapoint, we can calculate the associated prob-
ability (using 2 df) from tables or from algorithms.
We then average the probabilities over the number
of datapoints generated, and the result is a global
figure we will call the bivariate overlap zone (BOZ).
If the reference and sporting populations have the
same meansand standard deviationsfor both X and
Y variables, and the same XY correlations, BOZ
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will be very close to 0.5. As the differences be-
tween the means and standard deviations increase,
BOZ will approach 0. BOZ will approach 1 asthe
SD of the X and Y variables of the sporting popu-
lation approach infinity. In this case, the sporting
populationisinfinitely extensive and any datapoint
from the reference population will fall arbitrarily
close to the sporting mean. However, because sport-
ing populations are usually subsets of the reference
population, and elite athletes within sports tend to
resemble one another, their standard deviationsare
usually smaller than those of the reference popula-
tion.

1.4 Recreating Skewed Distributions

This procedure assumes that both populations
are'bivariatenormal’ with respect to X and Y, how-
ever, this is not aways the case. While height is
usually normally distributed, mass shows a strong
positive skew (a skew which isincreasing over time
in both the general population and in open-ended
sporting subsets). Therefore, we have transformed
the masses by taking logs, so that they appear nor-
mally distributed, and so that the relationship be-
tween massand height variablesiswell represented
by astraight line. Similar ‘normalising’ procedures
should be carried out with other anthropometric
variables such as BMI and sum of skinfolds.

1.5 An Example of the BOZ Technique

Figure2isagraphical representation of thispro-
cedure using subsets of the population that most
peoplearefamiliar with. Inthetop panel theswarm
of individual points are the generated XY datapoints
from thereference population of 18- to 34-year-old
US females.[' The ellipse is the 90% density el-
lipse for the ‘sporting’ population — in this case a
group of 11 regionally-based catwalk models.[*3!
The BOZ is 0.076 indicating that about 8% of the
reference population have the ‘right’ height-mass
combination. In the middle panel, the individual
points represent the reference population of 18- to
34-year-old US females and the ellipse is the 90%
density ellipse for a group of 70 highly paid inter-
national models. The BOZ is0.045 or lessthan 5%

Sports Med 2001; 31 (11)
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of the population. The bottom panel shows the el-
lipsefor 11 ‘supermodels' with an average income
of over $US5 million per year (1999 value).[16l The
BOZ for thisgroup is 0.005 or less than 1% of the
population have the matching body size of the
supermodels.

By ‘90% density €ellipses’ we mean that 90% of
all models will fall within the bounds of this el-
lipse. The closer each XY datapoint (representing
someone from the general population) istothecen-
tre of the ellipse, the more likely she is to belong
to the model population. Although the ellipses are
represented as 2-dimensional figures, the density
of the points they contain increases as one moves
towards the centre and decreases as one moves to-
wardsthe boundaries. Thisfigureshowsthat asone
moves from catwak models, international models
and then further to supermodels, the overlap with
the general population becomes smaller and smaller,
no doubt reflecting the differences in salary and
prestige between the groups. Simply put, there are
very few young women in the general population
with the height-mass location required to be an in-
ternational model and less again in the supermodel
‘catchment’ zone. Thisis an example of the use of
BOZ to contrast groups of differing ‘ability’. How-
ever, the BOZ technique can also be used to assess
differences in ‘selection pressure’ between sports
and various positions in sports, male and female
sports, and to assess changesover time. Only afew
examples are presented here using professional
sports and/or Olympic athletes.

1.6 Secular Trends

Changesin the body size of athletes need to be
considered in the context of a backdrop of on-going
evolution of body dimensions within the popula-
tion. For the past century throughout much of the
world, humans have been increasing in size over
successive generations. This secular trend may be
caused by a number of things including better nu-
trition, heterosis between previously geographical-
ly diverse popul ations, massimmunisation, theend
of the industrial revolution and urbanisation.[*7]

0 Adis International Limited. All rights reserved.

The use of the BOZ techniqueto track selection
changes over time needsto take into consideration
these secular changes of the reference population
fromwhichtheathletesare drawn. In Australia, for
example, recent work suggests that children and
adol escentshave beenincreasingin stature (for about
the past 150 years) at about 1.2cm per decade for
females and 1.3cm per decade for males,[28 but
adult rates are unknown. Recent estimates for US
adults indicate a lower value at about 0.4cm per
decade.[1419-21]
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Fig. 2. Bivariate overlap zone (BOZ) simulation for catwalk mod-
els, international models and supermodels: (a) the 90% overlap
between a group of 11 ‘regional’ catwalk models!*3! and the pop-
ulation of 18- to 34-year-old US females;[*4 (b) the 90% overlap
between a group of 70 international models[*3 and the popula-
tion of 18- to 34-year-old US females; (c) the 90% overlap be-
tween a group of 11 supermodels!'®! and the population of 18-
to 34-year-old US females.
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Fig. 3. The change in height over time for all National Basketball Association players. Line A shows the regression for the 3 tallest
players each year, y = 0.483x + 182.6 where y is height in centimetres and x is the year. Line B shows the line of best fit for all players,
y =0.193x + 183.1; and line C represents the US general population secular trend for young adult males, y = 0.042x + 93.0.

Athletes in many sports (although not al, de-
spite the secular trend) have been getting taller and
more massive over time.lS! Importantly, however,
often therate of risein height or mass outstripsthe
rate of risewhichisattributableto the secular trend.
Athletesare often getting bigger at afaster ratethan
that predicted by the secular trend aone. Thisis
particularly true in sports which are ‘ open-ended’,
that is, the bigger the player the better (see Norton
et a.15! for discussion). A good example is the height
of the National Basketball Association (NBA) play-
ers. Figure 3 showsthat therate of increase in height
for all playersisover 4 timesthesecular trend. This
increases to over 10 times the rate for the tallest
basketball players.

1.7 The ‘Expanding Universe’ of
Athletic Bodies

We reviewed data on height and mass for ath-
letes competing at the highest level (professional

0 Adis International Limited. All rights reserved.

sports, world championships and Olympic games)
in 22 sports over the past 100 years. Not all sports
were represented throughout the entire century and
theindividual numberswithin each sport ranged as
listed: AFL 674; boxing 83; cycling — road 706;
cycling — track 388; diving 180; gymnastics 366;
high jump 162; jockey (horse racing) 1169; long
jump 259; NBA 3370; NFL 18 517; rowing (heavy
weight) 1167; rugby union 1372; running — 400m
465; running — 800/1500m 590; running — distance
654; running —marathon 668; running — sprint 968;
shot put 133; swimming 1397; throwing (non-shot)
336; volleyball 398; waterpolo 532.

Data were assembled from over 100 sources (a
full list of thereferencesand sources of information
are available from the authors). These datawere col-
lated from morethan 100 reports published in peer-
reviewed journals or presented at international con-
ferences, Olympic summaries, from unpublished
data provided by anthropometrists around the world
[most were accredited by the International Society

Sports Med 2001; 31 (11)
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for the Advancement of Kinanthropometry (ISAK)],
by workers at national sports institutes, websites,
published in sportsmagazines, compendiaor in event
programmes, or communicated personally to the
authors. The data were used to compare year of
competition against indices of body size (height,
mass and BMI). Linear regression was used to de-
termine the rate of change of the variablesfor each
sport over the century.

Figures 4 and 5 illustrate the relationships be-
tween rates of changein body size since 1970 across
22 sports. These relationships are highly signifi-
cant and tell usthat therate of change of body size
is proportiona to how much the characteristic body
size deviates from the population average. Those
athleteswho are bigger than the general population
are becoming bigger at a greater rate. Athletes|o-
cated close to the average of the population have
changed very little. In athletessmall er than the source
population mean, therate of decreasein sizeispro-
portional to how much smaller they are than the

7 rho =0.83, p < 0.0001

1211 10
14 15 13 16

1 18 19----20

population as a whole. The small remain small or
get smaller, while the big get bigger.
Figure6illustratesthe morphological evolution
within asport acrossthe past century. In thisexam-
plewe have used running events from 100m to the
marathon to show the pattern of divergent BMls.
The specialist nature of these events and the fact
thereis an optimal body type for each event drives
the evolution towards that body shape. Despite the
expanding nature of the BMIs, thereisarelatively
smaller expansion in height and the relationships
among these groups have remained unchanged.
Thus, we have presented data showing that elite
athletes have been evolving over the past century.
This has been happening in consistent ways among
and within sports such that clear patterns can be
demonstrated and quantified. Each sport demands
a particular set of attributes, including body com-
position and proportions. These body characteristics
relate very closely to optimal biomechanics (e.g.
torque-angle and force-vel ocity rel ationships), bio-
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were available on the height of jockeys; listing number 17). The box plots at the bottom and sides of the graph show the percentile
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League; rho = correlation coefficient.

physics (surface area-to-mass ratios) and physiol-
ogy (energy release). The ‘mix’ of attributesis spe-
cificto particular environments, rules and technol-
ogies. Small changesin the competition conditions
such as rule changes, temperature or atitude, and
equipment use can modify the combination of ideal
attributes.[5! In general, however, there is a ‘ Dar-
winian’ selection pressure that directs the perfect
body form in any event. Other less natural forces
also drive and are driven by this evolution, and
these are discussed in the following sections.

1.8 The BOZ for the National Football
League and National Basketball Association

Figure 7 illustrates the change in the BOZ for
inside linemen from 1920 to 1999, split into decade
dlices. The statistics have been calculated using 2618
playerswho have played inthe NFL during the past
century. The figure shows both the shift in the dis-
tribution of the general population of 20- to 29-

0 Adis International Limited. All rights reserved.

year-old US males (asindividual sget bigger across
the decades) aswell asthe evolution of thelinemen
size. Inthe 1920sthese players averaged about 180.9
* 6.2cm and 89.8 + 8.8kg. In the 1990s, these fig-
ures were 193.2 + 4.2cm and 137.2 + 7.8kg. The
corresponding BOZswere 0.149 and 0.001, result-
ing from the dramatic change in player size over
the century. The net result isadecreasein the ‘avail -
ability’ of these players. Thereis now only about 1
chance in a thousand of finding adult males with
the required player size for the inside linemen po-
sitions. The ellipses show the 67% OZ for each
time period. The BOZ datafor each time slice are
also shown. The figure illustrates the evolution of
the selection pressure for linemen that isnow at an
extremely low probability.

Figure 8 illustrates the change in the BOZ for
all NBA players (n = 3370) over the time period
1940 to 1999, relative to the general population of
20- to 29-year-old US males. There has been drift

Sports Med 2001; 31 (11)
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of the density ellipses away from the general pop-
ulation reflecting adeceased probability of finding
individualswith the necessary height and mass com-
bination. There appearsto be alevelling of the NBA
BOZ at about 5%. The small upswing in more re-
cent times probably reflects the specialised nature
of some of the positions in the game which allows
for alarger range of body sizes, for example there
are current playersranging in height from 161.5to
231cm (5 foot 3 inchesto 7 foot 7 inches).

2. Does Player Size Make a Difference?

When the heights and masses of all the retired
NBA players are regressed against the number of
playing years (career length) the relationships are
significant (p < 0.0001) and positive. The regres-
sions indicate that every 33kg increment in player
mass equatesto, on average, an extrayear in career
length. Similarly, for each 23cm increasein height
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the playing career increases by 1 year. Given the
extraordinary player payments per season (the mean
was approaching $US1 million per year in 1993 —
see section 4.1) and that the average NBA career
length is relatively short at 4.3 + 3.8 years (calcu-
lated from data in Sacharel??), then sizeis an im-
portant component of player success. Indeed, on
average, for every 1.0cm (0.4 inch) in height or 1.3kg
(3.0lb) in mass this equates to about $US43 000
(adjusted to 1993 values) in additional player pay-
ments over their career.

In the NFL, an increment of 51kg in mass or
17cmin height is associated with an additional play-
ing year. The average NFL playing career is4.7 +
3.4 years. Increments of =1.0cm in height or 3kg
(6.61b) in mass equate to about $US45 000 (ad-
justed to 1993 values) in additional player payments
over their career.

We calculated z-scores for mass and height of
the 300 all-time greatest playerd?3 relative to others
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Fig. 6. (a) Trends in body mass index (BMI) [kg/m?] for runners with event distances from 100 to 200m to the marathon between
1900 and extrapolated to 2025. The rate of change of BMI decreases as event distance increases. Datapoints outside the regression
range are joined by dotted lines. (b) Heights of runners with event distances from 100 to 200m to the marathon between 1900 and

extrapolated to 2025.
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Fig. 7. The bivariate overlap zone (BOZ) for the National Foot-
ball League inside linemen for the period 1920 to 1999. The
general populations shown were recreated using data from
Hatherway and Foard,[!9the National Health and Nutrition Ex-
amination Survey (NHANES) 1,290 111221 and 111.114 Of note are
both the secular changes in the reference population (the right-
ward drift in the swarm of points represents the reference pop-
ulation) and the growing drift of the footballers away from the
background populations.
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in their respective cohorts. Inside linemen sel ected
as al-time greats across the years had an average
z-score of 0.78 for mass and 0.80 for height. Quar-
terbacks averaged z-scores of 0.20 and 0.69, wide
receivers 0.03 and 0.33, and running backs 1.18
and —0.63 for mass and height, respectively. With
the exception of height for the running backs, there
was aclear pattern of career success and above aver-
age size. The all-time great running backs had an
average BMI z-score of 0.56. Finally, as indicated
in theintroduction, starting linemeninthe NFL are
significantly more massive compared with second-
string players. In most positionsin open-ended sports
such as American football and basketball the pat-
tern isclear. Larger players have an advantage and
it is easy to see how this drives the evolution of
player size in these sports.

3. International Recruitment

Despite an increasing world population, players
of therequired and desirable size have become harder
and harder to locate. In response to this, various
strategies have emerged to widen the net and to
make sure that less potential players slip through.
One of these strategies is increased globalisation
and international recruitment in sport. Examples of
the global market for athletes are found in the US
national basketball leagues [NBA and Women's
National Basketball Association (WNBA)]. Within
these North American competitions, players come
from countries such as Australia, Croatia, Germany,
Lithuania, the Netherlands, Nigeria, Romania, Ser-
bia, Sudan, Venezuela and Zaire, to name a few.
The 29 team player listsfor the 1998 to 1999 NBA
season were used to cal culate the player sizes. The
heights and massesfor the 516 US-born NBA play-
ers averaged 200.3 £ 9.3cm and 99.0 + 13.2kg, re-
spectively, whereasthe 24 international recruitswere
significantly taller, 211.1 + 8.4cm (p < 0.0001) and
heavier, 110.6 + 10.2kg (p < 0.0001).

This shows that selective recruitment of the
most difficult to obtain players (the very biggest)
hasled to asearch beyond the boundaries of theUS
population to include almost all countries of the
world. The fact that one of the world's tallest peo-
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ple (reputedly 240cm), a North Korean who also
happens to play basketball, is not playing in the
NBA is apolitical decision (he was refused a US
entry visa by the US department of Immigration)
and not a selection decision. There are now 2 ‘per-
manently’ placed teams in Canada and the NBA
games are televised to 195 countries, reinforcing
the global nature and ‘ catchment’ of this competi-
tion.[24]

Figure 9 illustrates the differences in the BOZ
for the US-born versusforeign-born NBA players.
The differences reflect the requirement for team
scoutsto search theworld for the rarer players (the
tallest and largest) who have an obvious advantage
in the sport of basketball.

A pattern emerges when the percentage of NBA
playersover 213cm (7 feet) isplotted for each year.
Figure 10 showsthe percentage rose sharply at about
the sametimethat player salaries accelerated. Dur-
ing this time the NBA searched globally for the
tallest players. The percentage appears to be level-
ling off during the past decade probably as aresult
of the world’s tallest players having already been
recruited.

The WNBA player lists detail the size of 120
players for the 1998 to 1999 season. The heights
and masses for the 94 US-born WNBA players av-
eraged 181.6 + 8.3cm and 73.5 + 10.0kg, respec-
tively, whereas the 26 international recruits were
significantly taller, 188.4 + 11.8cm (p < 0.0005)
and heavier, 78.3 + 12.2kg (p < 0.0001). In fact, 9
of the 12 tallest players were international recruits
from 8 different countries.[?®! Given that it is only
early in the history of this competition one would
expect arapid evolution of the physical size of these
athletes as the recruitment process and talent mi-
gration intensifies.

Thereferencepopulationsfor thesemajor North
American sports has increased along with economic
and media‘ globalisation’. Another examplecanbe
found in the foreign contribution to the National
Collegiate Athletic Association (NCAA) male track
and field championships which increased from 28.1
to 34.2% in the decade 1977 to 1986.126]
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4. Exploiting Existing Reference
Populations and Financial Incentives

4.1 Player Salaries

One way of better exploiting existing reference
populationsisto recruit agreater percentage of those
people who have appropriate body size and shape.
This may involve player drift from one sport to
another, often as children and adolescents but not
always. One aspect of thisinvolves the sports pro-
file, aresult of many thingsincluding, for example,
international competition, sporting heroes and in-
clusion inthe Olympics. Another component isthe
offer of greater financial incentives. A review of
player salaries in the 4 major US male sports over
the last several decadesillustratesthe recent accel-
eration in player payments.

Figure 11 shows the evolution of mean player
salariesin American football, basketball, baseball,
ice hockey and Australian football. Individual data
are not available and so mean values have been

0 Adis International Limited. All rights reserved.

calculated. Since it was not possible to obtain his-
torical data, mean salaries are expressed as multi-
ples of median maleincomeintherespectiveyears.
Although thistendsto exaggeratethe mean salaries
by positive skewness in player payments, it none-
theless shows a significant trend in player payments
in general over time. More recent individual data
for US hockey and baseball league players shown
inthisfigure (for the 1999/2000 season)[2%-31 j|lus-
trate the degree of skewnessin salary paymentsfor
these professional athletes. Between 1945 and 1980,
average player paymentsto NFL players were sta-
ble at =5 times the male median income. In the 13
yearsto 1993, average player payments have risen
to over 40 times (basketball), 25 to 30 times (foot-
ball and baseball) and about 10 times (ice hockey)
male median income. Over the most recent 6 years
the salaries for the hockey and baseball players have
continued to climb exponentially. There are now
individual playersin all of these sports earning the
equivalent of over 400 years of the median male
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salary per annum. Australian football is following
asimilar acceleration in player payments albeit at
an earlier point along its evolutionary path. This
graph reflects not only theinflux of money into the
game, but also the incentives required to recruit
players with competitive physical characteristics.

Whereisthe money coming fromto support this
exponential increasein players salaries? Figure 12
illustrates the attendance records for major league
baseball (using combined American League and
National League figuresfor 1901 to 1990).134 It is
apparent the growth in spectators has mirrored the
growth in player salaries. This is likely to have
been one of the stimuli for greater salary caps and
individual player contracts. Furthermore, the bil-
lion dollar arrangements between thetelevision com-
panies and the major sporting organisations filter
down to support the spiralling payments. Up to and
including 1994, the top 10 all-time television au-
diencesinthe USincluded 9 sporting events. Eight
of these werefor American football gamesand one
for an Olympic event (based on A.C. Nielson fig-
ures).[t

Figure 13 illustrates the growth in both adver-
tising expenditure and in NFL royalties over the
past 50 years (adjusted to 1993 $US values). The
popularity of sports is so great that a 30 second
advertisement during the 1999 NFL superbow! cost
$USL.6 million. Total television advertising isris-
ing linearly yet the distribution to individual teams
isaccelerating. This situation may have some lim-
itation although the make-up of total advertisingis
changing such that ‘ sport’ advertising isincreasing
its share of the market leading to sporting organisa-
tionsreceiving adisproportionate rate of royalties.
In 1990 it was estimated to account for 25% of all
network television advertising.[38 This source of
funding resulted in each team receiving over $US60
million for the 1998 to 1999 season (1999 dollars).
Put ssmply, contemporary sport cannot survive with-
out media and media cannot survive without sport,
afact that is probably the reason why many profes-
sional sports teams are owned by the media. The
potential for profit is enormous.

0 Adis International Limited. All rights reserved.

4.2 Market-Driven Changes

The data in section 4.1 highlight the enormous
financial interests tied up in professional sports.
Thisleadsto someinteresting agreements between
the mediaand sports administrators for mutual * ben-
efit’. Sewart!4 outlines numerous examples of the
commodification of sport, specifically theway that
market-induced rule changes can impact the game.
For example, helists 16 rule changes and technical
innovationsthat were introduced in the NFL in the
early 1970s to increase interest, spectatorship, ad-
vertising and, ultimately, profit for the media and
football club owners. These changes, and others
sincethistime, haveresulted in aturnaround to the
levelling off in spectator numbersto a point where
almost every year in the 1980s and 1990s record
numbersof fanswere attending footbal | games (the
increased number of franchises and games played
each season also help this statistic).[3%

There are some rule changes and technological
developments (for example, areferee now using a
microphoneto explain decisions) that havelittle or
no impact on the requirements of the players. How-
ever, other changes that wereintroduced have con-
sequencesand impact on player preparation, player

12
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Fig. 10. The percentage of all National Basketball Association
(NBA) players who were greater than 213cm (7 feet) in each
year from 1946 to 1998.
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demands in the game and the required physical at-
tributes. For example, the facts that the defensive
team can raise their arms to block the ball, that a
greater number of playersareallowed per team (in-
creasing interchange opportunities) and that there
are more frequent rest periods (often mandated by
themedia), permit taller and more massive players.
The new game now demands this type of player
and, over time, the game evolvesto produce (find)
these athl etes, rewarding them handsomely. Thisin
turn drives player behaviours, administrator recruit-
ment tactics and reference populations. For many
players behaviours are driven in directionsthat are
taken purely for financial incentives even at great
personal risk. Often rule changes are made with
little regard to player safety and the ‘ dangerous’
areas of the game may be left untouched.[4 Austra-
lian football is a good example of this trend. The
professional game has changed quite dramatically
inrecent yearsdueto alarge extent to media-linked
rule changes. Thereisstrong evidence to show that
these modificationshaveresulted in shorter, higher
intensity play periods interspersed with longer rest
periods, relative to the games of yesteryear. This
change in game structure is more spectacular and
accommodates larger playersthan previoudly. It is
likely, however, to beamajor factor inthe high and
increasing injury rate.[37]

Often the ultimate effect of rule modifications
and sportsevolution isthe changing biasfor player
types. The desirable morphology for a particular
sport or position in asport can be modified to such
an extent as a consequence of rule changes that a
particular player type becomes more or less suited
to the game. There have been some obvious exam-
plesin technology changes and the impact on player
suitability.l5! Seemingly small changesinthe struc-
ture of the game, often in response to media re-
quirements, have had enormous ‘ripple effects’ in
a variety of sports and are intimately associated
with the evolution of player size and shape. Other
examples of media-influenced rule changes are out-
lined by Sage.[38] The relationship between sports
and the media is summarised by Leonard Shecter
(US sports journalist): ‘ Television buys sports.. . .
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Television tells sports what to do. It is sports and
it runsthem theway it does most other things, more
flamboyantly than honestly.’ (reported by Sage, 38!
page 115).

On the one hand this symbi otic rel ationship may
beidea for the administrators/owners and the me-
dia, and there is little question it results in huge
financial rewardsto the players. On the other hand
it is potentially difficult to accept for the athlete
and sports purist who are forced to either play a
different game style and/or watch the game evolve
intoadifferent form (e.g. the development of 1-day
and night cricket, thetie-breaker intennis, the shot-
clock and 3-point shot in basketball, the sudden-
death tie-breaker system in the NFL or the Skins
game in golf). Importantly, the media have little
inherent interest in sport. Their primary objectives
areratingsand profit and yet their ability to control
and modify sport is overwhelming. When sports
teams are also privately owned, as is the case for
every US professional sportsteam, it isfair to say
that the intention is also profit. This combination

0 Adis International Limited. All rights reserved.

has resulted in a range of changes introduced to
sportswith the expectation it will modify the game
in ways helping to boost spectator numbers and
advertising dollars; it has obviously worked.
However, therisein player payments cannot con-
tinue if the sports are to survive. In recent years
there have been a series of player strikesin anum-
ber of major sports. For example, the NFL players
held a 24-day strike in 1982 and another 57-day
strike in 1987.[23 A strike by the NBA playersin
1998 to 1999 forced the season to be effectively
halved. This ended when a collective bargaining
agreement between the NBA players association
and the NBA owners resulted in the minimum an-
nual salary of afirst round rookie of $US500 000
and that of a player with a 10-year service record
at $US1 000 000. Maximum salaries are now capped
at approximately $US15 million per season athough
salaries up to $US34 million per season for the
superstars were possible in the 1997 to 1998 sea-
son.[24 These changeswill resultinthedistribution
of payments being markedly less skewed and may
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helptolimittherateof riseinthesalary capand player
walk-outs. Notwithstanding these agreements, the
prospect of extraordinary salariesto previously un-
employed college students can drive decisions and
behaviours taken to gain advantages in sport. Con-
sequently, much depends on player size, and body
mass is one area that can be manipulated.

5. ‘Arlificial’ Growth and the Use of
Drugs in Sport

During announced drug testing less than 1% of
Olympic athletes tested from 1984 to 1989 were
found to be positive. However, despite this low per-
centage, it isalmost universally accepted by senior
sports administrators that the use of performance-
enhancing drugs, most notably anabolic steroidsis
likely the greatest problem facing sport today (for
an example see Chapter 10in Lucas!®8!). In support
of thisstatement, Voy![39 reported that whenthe US
Olympic Committee conducted unannounced drug
tests involving no punitive actions, =50% of ath-
letes tested positive to anabolic steroids. There is

0 Adis International Limited. All rights reserved.

also considerable evidence that in the NFL steroid
use in some positions runs as high as 90% of the
players.[*d Given thefinancial and publicity incen-
tivesfor reaching the professional ranksin football
it is not surprising that significant levels of drug
taking also exist among collegiate and high school
players.[*d Thelust for sports success and the fame
and fortune accompanying these feats drive many
behaviours.

Robert Voy[39 (page 127), the US Olympic
Committee’s Medical Director for 5 years said: ‘If
you have to weigh 280 to 300 pounds to be college
lineman, forget it; we' ll never stop anabolic andro-
genic steroid use in football.’

However, many people in the general sporting
public are becoming desensitised and ambivalent
about issues of drugsin sport. The mediahavealot
to do with this changing attitude. For example, it
was reported that Ben Johnson was still able to re-
ceive between $US3000 to 5000 for cel ebrity guest
appearances 2 years after testing positive for drug
use at the 1988 Olympics.[38l
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How much can players gain from steroid tak-
ing? Many scientific studies have shown the im-
mense tissue-building properties of anabolic ste-
roids[4%, even under controlled, clinical doses. Figure
14 summarises a number of studies into the ana-
bolic effects of exogenous testosterone and ana-
bolic steroids.

Thereisaclose logarithmic relationship between
the change in fat-free mass (FFM) [expressed as a
percentage of initial values] and the steroid ‘load’
(in mg/kg bodyweight). Based on these data, it ap-
pears that there is a plateau in FFM gains at about
15 to 20% above initial values. A similar pattern
has been reported previously.[*4 There is a close
relationship between the change in FFM and the
change in body mass: for every kilogram of body
mass gained, about 1.25kg of FFM isgained. There-
fore, thereis usually aloss of body fat. Given the
secular rate of increasein body mass of about 1kg
per decade, the steroid-induced change represents
a shift of over a century, achieved in as short as 4
months!

The premisethat ‘someis good but moreis bet-
ter’ is probably responsible for the reported doses
of over 100 timestherapeutic concentrations being
taken for cosmetic purposes.[4051 There is every
likelihood that theincidence of drug taking, partic-
ularly tissue building drugs such as growth hormone
and anabolic steroids, will continue to increase in
the future. Given the high and growing rate of drug
abuse [estimated to be over a million in the US
aone (Voy[®! page 168, Yesalis and Cowart!3 page
6)], itisunlikely alevelling off intherate of player
growth will be seen in the near future despite the
plateau effect illustrated. New drugs are continu-
ally being developed, multiple drugs are taken in
combination, and the potential rewards for profes-
sional athletes are far too great to prevent alarge
section of the general population attemptingto em-
ulate the sporting population. For many to reach
and/or survive in professional sport requires them
to adopt illegal and dangerous behaviours. These
practices, in turn, modify player size and shape.

Figure 15 showsastriking pattern of BMI inthe
starting year for 18 517 NFL players. Why isit that

0 Adis International Limited. All rights reserved.

from about the early 1980s players (particularly line-
men) are entering the NFL at a BMI that isrising
at asignificantly greater rate than at any other time
over the previous 80 years? Between 1920 and 1979
the rate of rise in BMI was 0.032 BMI units per
year. Since 1980 the rate has increased to 0.159
BMI units per year. The differencein the slopesis
highly significant (p<0.0001). Although better train-
ing and nutrition would contribute to this 5-fold in-
crease in the growth rate, it is strongly suggestive
that ergogenic aids have been involved. These data
along with other evidence and testimoniesindicate
steroid abuse became widespread in college and
professional football in the middle to late 1970s
and has continued since this time.

Who could argue against the fact that huge eco-
nomic incentivesin sport persuade athletes to take
drugs? Ben Johnson, for example, stood to gain an
estimated $US30 million in endorsements for his
sprint victory.[39 One only has to look closely at
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Fig. 14. Change in fat-free mass (FFM) expressed as a per-
centage of initial values as a function of total anabolic steroid
load (mg/kg bodyweight). Each dot represents a separate
study.[41-5U Typical loads for a 6-week course for replacement
of endogenous testosterone, male contraception®2land a body-
builder are shown. Where control groups were used, the changes
in FFM represent the difference between the steroid group and
the control group. In most studies, the participants were resis-
tance training while taking steroids, and often were experienced
weight-trainers.
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each year against the playing year for the 2 time periods. The
slopes of the regression lines were significantly different indicat-
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about 1980 (see text for details).

the practices of jockeys, wrestlers, boxers and
other ‘weight-limited’ athletes to see how extreme
the behaviours can become. Brownell et al.[54 re-
ported examples in wrestling of dietary and/or de-
hydration reductions resulting in up to 9kg body
massin 1 week. Thisregimen might be repeated up
to 30 times per season. In sports such as women’s
gymnastics asmaller, lighter frameishighly desir-
able. So much so that over the past 30 years of inter-
national competition gymnasts have steadily de-
creased from 1.6m, 47.7kg in 1976 to 1.45m, 40kg
in 1992. The average age of these competitors has
also decreased from 22.7 yearsin 1964 to 16.5 years
in 1987.1% This demand for pre-pubertal athletes
has driven the age down but has also led to the use
of age-dowing drugs (called ‘ brake-drugs’) to main-
tain child-like growth features.[39

"When it becomes possible to earn big money
in athletics, the pressures to be successful and win
become more intense. When that situation is com-
bined with the availability of drugsthat can help an
athlete achieve his goals, the pressure to use the
drugsisgreat."

0 Adis International Limited. All rights reserved.

Joe Paterno, Professor and Head Football Coach,
Pennsylvania State University, USA (Yesalis and
Cowart!>3l page vi).

6. Athlete ‘Gene-Farming’

Assortative mating among athletes often leads
to the production of genetic polymorphisms of the
next generation of gifted athletes. Athletes often
marry and produce offspring with other top ath-
letes. Lawsonl®5! gave a synopsis of all world re-
cord holdersin track and field athletics. In this sum-
mary helisted at |east 26 world record holderswho
had married other world record holders, Olympic
or national champions. Furthermore, he presented
18 cases of world record holders running in fami-
lies, either second generation or sibling combina-
tions.

This is probably not surprising given the fact
that humans often select partners of similar build
and that elite athl etes often resemble one another.[]
Furthermore, in the competitive, demanding and
extremely focussed world of professional sport there
isless opportunity for playersto socialise with and
court those other than similar quality athletes.

Sports require a specific morphology for suc-
cess and individual sports have their own unique
set of required physical characteristics. Since body
size, shape and composition are under considerable
genetic influence,3 it is not uncommon to find
second and third generations of professional ath-
letesfrom the same families. Inthe NFL, for exam-
ple, where size is an obvious advantage, there have
been 241 setsof brothers(including aset of 7 broth-
ers and identical twins), 99 second generation and
2 third generation players who have played at the
professional level .57 Several father/son combina-
tions are aso listed in the hall of fame. This does
not just happen by chance. The total population of
20- to 35-year-old males in the US during the pe-
riod 1920 to 1996 is estimated to be about 110 mil-
lion, where 30 million families have at least 2 broth-
ers.[34 During thissameperiod 17 037 playersplayed
at the professional level in the NFL.[35 The prob-
ability of this pattern of familia selection happen-
ing by chanceisinfinitely small. Thereisobviously
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considerable genetic influence in the pre-selection
of potential athletes.

There have been tremendous advances in mo-
lecular biology in recent years. Cryopreservation
of gametes and fertilised eggs, for example, isnow
common in many countries. Thereislittle question
that these techniqueswill be utilised in sport, most
likely in talent identification and the production of
“athletic genotypes'. According to Bouchard and
colleagues,58! all of the technol ogies are available
to make this possibility exist. The only thing to be
determined isthe exact |ocation of genes (yet to be
identified) that are important in sporting prowess.
However, is it really necessary to know the exact
location of the genes for physical ability in order
for ‘gene-farming’ tobecomeareality? Theanswer
isprobably no sincethelocation of ‘athletic’ genes
isnot known for race horses yet selective breeding
has been going on for centuries. The pattern of ath-
letic success within human families also suggests
that genetics do not always need to be understood
at the DNA level when predicting the likelihood of
sporting success. Thisisbecause athletes, likerace
horses, are carriers of some obviously desirable
genotypes relative to high-performance sports, for
example, size, lean body mass and anatomical pro-
portions required at the elite level.

Bouchard(®8! stated that within 10 to 15 years
top athletes are likely to be offered incentives to
serve as gamete donors. Positive eugenicsis aready
occurring in theareaof intellectual capacity. Many
reportsindicate that targeting intellectual ability is
practised in artificial insemination, often by medi-
cal practitioners who have been shown to bias se-
lection of the donor sperm towards university and
medical students.[59 A 1980 Hasting Center report(¢X!
indicated 4 Nobel prize winners and othersin Mensa
(agroup for the top 2% of 1Q) had donated sperm
for insemination purposes. This was advertised
throughout the Mensa networks and only Mensa
memberswereeligibleto donate or receivethe sperm
(see also Sappideen!6l]),

Top athletes can earn much more than top sci-
entistsand almost alwayshave greater public appeal.
It is likely, therefore, that gametes from elite ath-

0 Adis International Limited. All rights reserved.

leteswill become ahighly sought after investment.
Given that there are an estimated 170 000 women
each year who receive donor sperm in the US alone,
and that this is accelerating, the demand is likely
to grow for greater choiceor ‘ pre-selection’ 162 |n-
terestingly, women choosing among the profil es of
potential sperm donorsin aclinic showed a prefer-
ence for atall donor.l%3 Furthermore, thereiis evo-
lutionary pressure selecting taller men who have
been shown to be more likely to have a partner and
to father more children.[64

7. Conclusion

In this article we have shown that elite athletes
in many sports are evolving in physical size and
shape. The secular trend has been responsible for
some of this evolution. However, athletes, partic-
ularly at the open-ended region of morphological
optimisation, have been increasing at amuch greater
rate than the secular trend. There have aso been
periodsin some sportswheretherate of changeinthe
size of the athletes has accelerated. Other signifi-
cant contributors to these patterns of growth in-
cludetheincreased size of thereference population
through increased world population, globalisation,
offering greater incentives that both strengthen the
position of ‘strong’ sports while weakening those
of marginal or nonprofessional sports, and the wide-
spread use of growth-enhancing drugs such as
growth hormone and anabolic steroids.

Furthermore, we haveargued that modifications
to the game rules and technologies, often the re-
sponseto mediapressure, changesthe nature of the
game and the physical requirements of those par-
ticipating in the sport. For many athletes thisrein-
forces the need to adopt questionable and illegal
behaviours to reach the required size and shape to
compete at the top level. We expect this evolution
to continue into the foreseeable future as sports
become even more specialised, globalised, offer
greater financial incentives, and combine with a
persistent secular trend in much of the world. The
potential, therefore, for individual swithin the gen-
eral populations to reach the pinnacle of world com-
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petition through natural selection is diminishing
and will continue to do so in amost all sports.
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