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€€ This paper explains how the
screening of female athletes by sex
chromatin, practised by most sports
organizations, often does not reveal the
categories of individuals who should
not be allowed to compete in women's
events, while it excludes other
individuals who have “abnormal” sex
chromatin but should be allowed 1o
compete in these events. Since this
method can be considered a near total
failure, the Author sustains it should be
abandoned. ¢ 9
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Introduction

Sports organisations have not made
it entirely clear what the aims of “gen-
der verification™ or “femininity con-
trol™ of female athletes are. In the fol-
lowing 1 assume that the aim is to
exclude two categories of individuals,
namely. (1) males, (2) females whose
body build and muscle strength would
give them an unfair advantage over
normal women in certain sports events.

A two-stage test procedure is prac-
tised by most sports organisations.
First, all individuals undergo a screen-
ing test consisting of X chromatin (in
some instances also Y chromatin). If
the X and Y chromatin results are nor-
mal, female gender is considered es-
tablished. a certificate of “femininity™
is issued and participation in the
women’s event allowed. If the sex
chromatin result is abnormal, further
tests, including the determination of
karyotype and clinical and gynaecolog-
ical examination are carried out. The
medical authorities of the sports or-
ganisations then decide in casu about
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the participation of the individual. As
far as I know there are no published
guidelines as to what criteria are used
in the decision-making.

In this paper the screening by sex
chromatin is critically reviewed. I con-
clude that itis inaccurate in that it reve-
als only a fraction of those muscular
females who should probably not be al-
lowed to compete in the women's
events. On the other hand, it “reveals™
females with certain types of congeni-
tal chromosome abnormalities whose
body build and muscle strength are
female, and who should not be
excluded. Thus sex chromatin screen-
ing of female athletes is a near-total fai-
lure and should be abandoned.

Sex chromatin

The term sex chromatin comprises
two different entities. X chromatin and
Y chromatin. Both are simple in princi-
ple. Epithelial cells are scraped off
from the buccal mucosa with the aid of
a spatula, smeared on to a glass slide.
then fixed. stained. and studied under
the microscope. Separate slides are
made for X and Y chromatin. For the
person tested the procedure is painless
and takes a few seconds.

The X chromatin is a darkly staining
body at the inner surface of the nuclear
membrane. The number of X chroma-
tin bodies per cell equals the number of
X chromosomes minus one. Thus the X
chromatin offers an easy and relatively
simple and reliable way of determining
the number of X chromosomes of the
person tested. Males (whose karyotype
is 46.XY) have no X chromatin, while
females (whose karyotype is 46,XX)
have one X chromatin body.
Moreover, females with the abnormal

karyotype 45.X as well as females with
the karyotype 46.XY (cf below) have
no X chromatin.

The Y chromatin body seen by
fluorescence miroscopy after quinac-
rine staining of cell nuclei 1s a brightly
fluorescent spot that occurs only in
cells that have a Y chromosome. Thus.
in principle, Y chromatin is a relatively
simple way of determining the number
of Y chromosomes of the person
tested. Males (and females with
46.XY) have y chromatin, while nor-
mal females (and females with 45.X)
do not have Y chromatin. However,
the determination of Y chromatin is
notoriously unreliable for several
reasons. It has been estimated that
only about 85% of samples can be ac-
curately evaluated; as a consequence
the method has been largely aban-
doned as a screening procedure in
medical practice.

Categories of individuals
who should not be allowed
to compete in the women’s events

1. Males posing as females

As long as the records of the sports
organisations are not open to inspec-
tion, and as nothing has been published
on this subject, itis impossible to deter-
mine how rarely or commonly males
have posed as females. In private con-
versations with sports officials I have
been told that such events have been
exceedingly rare or have not occurred
at all. Sex chromatin screening would
reveal such individuals.

2. Females who take or have

taken hormones

[t is not known precisely how com-
mon hormone doping is among



athletes. but judging from the number
of papers published in the lay press this
is a widespread problem. There is no
doubt that steroid hormones can vir-
ilize women and have a profound mas-
culinizing effect on their muscles. In
this context it may be especially impor-
tant to consider the late effects on body
build and muscles in females taking
these drugs in e.g. childhood or adoles-
cence. Such medication would not be
revealed by hormone assays at the time
of competition. Recent rumors about
the use of growth hormone by athletes
indicate that a previously unknown
type of problem may exist. Sex
chromatin screening will not reveal
hormone doping of any kind in female
athletes.

3. Females with congenital

adrenal hyperplasia

There are several forms of this com-
mon congenital, hereditary disorder.
Severely affected females are virilized
at birth, have ambiguous external
genitalia and masculine body propor-
tions. In milder forms the only man-
ifestations may be increased muscular
strength and pilosity in otherwise fairly
normal-appearing women. These mus-
cular females are likely to be good
athletes. The condition can usually be
treated if the diagnosis is established in
childhood. Successful treatment re-
sults in normal or almost normal
female characteristics including fertil-
ity. Sex chromatin screening will not
reveal these conditions.
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4. Pseudohermaphrodites and true
hermaphrodites

These are very rare conditions of
variable etiology. Affected individuals
display a range of physical signs from
almost male to almost female. A few
individuals are quite female in appear-
ance yet have masculine muscles. and
consequently might register as female
athletes. The problem is that the
majority, probably around 80% . have
the karyotype 46, XX and so are not de-
tected by sex chromatin. The propor-
tion revealed by the present screening
method is thus of the order of 20 per
cent of these rare individuals.

Categories of individuals whe have
*abnormal” sex chromatin

but should be allowed to compete
in the women’s events

1. Females with the karyvatype
45, X who have Turner’s syndrome

Females with Turner’s syndrome are
female in appearance and by their
psychosexual orientation. Over half of
patients with Turner’s syndrome have
the karyotype 45.X. They are short and
have either scanty menstrual bleedings
or no periods at all. Childbirth is rare.
They should be allowed to compete in
the women's events, but are “re-
vealed™ as "male™ by sex chromatin.

2. Females with the karyotype 46, XY
who have either the testicular
feminization syndrome or
gonadal dysgenesis

These conditions are not uncom-
mon. The testicular feminization syn-
drome is a hereditary disorder charac-
terized by the presence of intraabdom-

inal atrophic testes in association with a
female habitus, including external
genitalia, muscle strength  and
psychosexual orientation. In 46 XY
gonadal dysgenesis there are no gonads
at all and the appearance is female.
Both types of women should be al-
lowed to compete with other women
but are “revealed™ as “male™ by sex
chromatin.

Categories of males who would pass
as females by sex chromatin screening

Klinefelter's syndrome (karyotype
47.XXY) and the XX male syndrome
(karyotype 46.XX) are characterized
by a male habitus including body build.
muscle strength. and psychosexual
orientation. The testes are small but
the genitalia otherwise normal. While
these individuals would seem to be as
unlikely as normal men to pose as
females, they would pass as females by
X chromatin screening. XX males. but
not XXY males, would pass as females
even if Y chromatin were done in addi-
tion to X chromatin.

Conclusions

The inadequacy of sex chromatin as
a screening procedure is manifested in
two different ways. Firstly. it reveals
only a fraction of those individuals who
should not compete in the women’'s
events. How small this fraction is can-
not be determined with certainty, but
there is every reason to believe that it is
remarkably small. As shown above.
the two major categories not revealed
are women taking hormones and
women  with congenital adrenal




hyperplasia. The only categories re-
vealed are males posing as females,

and some 20% of hermaphrodites.
Thus my estimate of the total fraction
revealed is at most 10 per cent, perhaps
much less. Secondly, sex chromatin sc-
reening “reveals” women who should
be able to compete with other women,
i.e. women with Turner’s syndrome,
testicular  feminization, and XY
gonadal dysgenesis.

In summary, sex chromatin screen-
ing fails to detect most of the potential
frauds but “detects” and thus com-
promises and harasses women with cer-
tain congenital chromosomal abnor-
malities who shouid be allowed to com-
pete. Thus there are two good reasons
to abandon sex chromatin screening.

Discussion

The failures of sex chromatin in de-
tecting frauds mainly concern two con-
ditions, namely hormone doping and
congenital adrenal hyperplasia. Both
are very common, but it cannot be de-
termined how commonly they occur in
the context of female sports events.
Neither is detected by sex chromatin
screening. Thus the present screening
method must be considered a near-
total failure.

If sex chromatin is as inaccurate and
harmful as shown in this paper, why
have sports organisations not already
abandoned sex chromatin screening? It
may be that the concept of an easy
laboratory test that reveals “men” has
appeared so attractive that sports offi-

cials have not bothered to find out what
the test actually detects. There has
been a need to observe strict confiden-
tiality towards athletes in whom an
“abnormal™ result has been found.
This in turn may have prevented sports
officials from properly analysing and
finding out in depth what conditions
those few individuals have suffered
from who have become “revealed”.
The profound personal tragedies in-
flicted on women with chromosomal
abnormalities who have been pre-
vented from participating in competi-
tions or otherwise harassed have
perhaps not been apparent because of
the confidentiality and secrecy with
which these cases have been (rightly)
handled.

One further reason why sports offi-
cials have not abandoned sex chroma-
tin screening may be their fear of nega-
tive reactions from female athletes. In
the lay press there have appeared inter-
views with women saying e.g. that a
physical examination is unacceptable.
While there is no firm evidence one
way or the other, it may be that many
sports women, if asked, would indicate
that they find the present test system
acceptable. It would appear to be a
true tragedy if sports women were to
support a system that is both highly in-
accurate (not detecting most frauds)
and highly discriminatory (“reveal-
ing”) women who should not be
excluded). Such an attitude is under-
standable as long as it is based on ignor-
ance about the facts. It follows that the
facts about sex chromatin screening
should be as widely publicized as possi-
ble.




