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Bone mineral density levels in elite female athletes

R L Wolman

Exercise affects the bone mineral density
(BMD) of female athletes in several important
ways. Exercise can have a direct action on bone.
The type and intensity of exercise and the
anatomical site where the stress is applied can
all be influential. Exercise can also act indirectly
by modifying the function of the hypothalamic-
pituitary-ovarian axis, leading to reduced
oestrogen status. Finally, illicit drugs used by
some athletes, such as anabolic steroids and
growth hormone, may also influence BMD.
The relation of BMD with exercise and low

oestrogen status is reviewed together with the
link which exists between exercise and amenor-
rhoea.

Exercise and bone mineral density
Wolff was amongst the first to recognise that
bone tissue adapts in response to the functional
forces acting upon it.' More recently, the
importance of physical stress in maintaining
bone mineralisation has been appreciated. The
type of physical stress necessary to stimulate
bone tissue has not been fully identified,
however.

Weightbearing exercise is important in main-
taining adequate stimulation to the skeleton.
Negative calcium balance and significant bone
loss occur in patients enduring prolonged bed
rest.2 Similar losses are also seen in astronauts,3
who are exposed to a gravity free environment.
Furthermore, studies by Nilsson and Westlin
and Jacobson et al have suggested that swimmers
achieve fewer skeletal benefits than athletes
doing weightbearing sports.4 5

Several studies have shown higher levels of
BMD in athletes than in sedentary controls.4
These studies have shown that exercise exerts a
local effect on the skeleton, at the site of
maximum stress. For example, the cortical
BMD in the wrist of the playing arm in tennis
players can be up to 30% higher than in the
other arm,6 7 whereas in runners there are
increases in the BMD of the os calcis.8 The
trabecular BMD of the lumbar spine is also
increased in runners,9 but even larger increases
at this site are seen in rowers,'0 whose sport
requires intensive back exercise.

It might be argued that the higher bone
densities seen in athletes have allowed them to
undertake intensive training rather than being
secondary to it. The most effective way of
showing that the BMD increases in response to
exercise is from prospective data. Longitudinal
studies have shown increases in BMD with
exercise both in athletes8 and in postmenopausal

women." Work by Dalsky et al with post-
menopausal women suggests that although bone
responds to exercise stimulation, the benefit is
lost once the exercise is discontinued.'2

Recent studies have investigated the relation
between measurements of fitness and BMD.
Aerobic fitness, measured as the maximum
oxygen uptake during a graded exercise test
(Vo2max), has been measured in several studies.
A weak, positive correlation with BMD was
found in those studies that estimated Vo2max
from the heart rate.'3 14 Studies that measured
Vo2max directly,'2 15 however, found no corre-
lation in postmenopausal women and therefore,
at best, aerobic fitness is only a weak deter-
minantofBMD. Significant correlations between
BMD and muscle strength have also been
shown. Cross sectional studies have shown
relations between spinal bone density and iso-
metric back strength'6 and between spinal and
forearm bone density and isometric grip
strength,'" but the type and frequency of
muscle strengthening exercises necessary to
increase BMD have not yet been determined.

Stress loading experiments in animals have
identified three strain variables that influence
bone remodelling. ' The peak strain magnitude
(the size of the force applied to the bone), the
strain rate (the frequency at which the force is
applied), and strain distribution (the direction
in which the force is applied) have all been
shown to affect the osteogenic stimulus.

In humans there are still uncertainties about
the type, frequency, and intensity of exercise
that provides the maximum anabolic stimulus.
With improved understanding it might be
possible to devise specific exercise protocols
that could be used in the prevention or manage-
ment of osteoporosis.

Exercise and menstrual status
Amenorrhoea was first recognised as a feature of
athletes in heavy training about 10 years ago.
Before this it was unusual for women to train
hard enough to develop amenorrhoea. In recent
years, however, with women athletes training as
hard as their male counterparts, this disorder
has become increasingly recognised.
Amenorrhoea occurs with endurance but not

power training-for example, in athletics it
occurs among the marathon runners but not
among the sprinters. It is related to the intensity
of training. The incidence of amenorrhoea
among women who run 20 miles/week is about
20%,18 whereas in those running 80 miles/week
it is about 50%.
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level within six months.26
Women with hyperprolactinaemia also

develop amenorrhoea with significant reduc-
tions in spinal BMD.27 28Patients with anorexia
nervosa and amenorrhoea also have decreased
BMD,293' which is partially offset in those

_EMI patients who maintain high exercise levels. In
some cases the BMD may be so low that

~O vertebral crush fractures develop.29
40 60 80 100 There is therefore abundant evidence to show
Incidence (%) that low oestrogen status in the premenopausal

l irregularity in different woman has an adverse effect on bone mineral
density. Uncertainty still remains about the
duration of amenorrhoea necessary to cause
irreversible reductions in BMD. It would seem

Menstrual irregularity is also linked with the
diet. Lightweight women rowers must be below
59 kg in order to compete and therefore may
require energy restricted diets so that they
'make the weight'. Although they train similarly
to their heavyweight counterparts, the inci-
dence of amenorrhoea among the lightweights is
significantly higher.'9 Amenorrhoea among
ballerinas, who frequently adopt low energy
diets, is also well recognised. The combination
of endurance training and energy restriction will
lead to major changes in body composition and
in particular, a reduction in body fat. This will
influence their menstrual status.
There is evidence to suggest that intense

training in childhood may delay the onset of
puberty and lead to primary amenorrhoea.20 In
some cases menarche may be delayed beyond
the age of 20. This may have adverse conse-
quences not only on BMD but also on skeletal
maturation.2t Intense training in the immediate,
postadolescent period is more likely to lead to
secondary amenorrhoea than in older athletes in
their late twenties.
The age of the athlete, therefore, together

with their training intensity, and the degree of
energy restriction are the three most important
factors that determine the incidence of amenor-
rhoea seen in each sport (fig 1). 19

Menstrual status and bone mineral density
The importance of oestrogen deficiency in
postmenopausal osteoporosis was identified by
Albright.22 Since then studies in several
conditions have shown the importance of
oestrogen in protecting premenopausal women
from developing low bone mass.

In oophorectomised patients under the age of
45 Aitken et al found bone loss occurring within
three to six years of the operation.23 Oestrogen
treatment effectively prevented bone loss if
started within two months of oophorectomy.
When treatment was delayed beyond six years
Lindsay et al showed that bone loss was partially
or completely irreversible.24

Luteinising hormone releasing hormone
agonists, used for the treatment ofendometriosis,
induce a reversible suppression ofgonadotrophin
secretion which, in turn, produces hypo-
oestrogenaemia. Treatment is usually given for
a maximum of six months, throughout which
there is a fall in trabecular BMD.25 When

that more than six months of amenorrhoea is
necessary.26

Athletic amenorrhoea and bone mineral
density
Although amenorrhoea in athletes was recog-
nised in the late seventies, it was initially
thought that high levels of exercise would
protect the skeleton from the adverse effects of
low oestrogen status. In 1984, however, three
studies ofamenorrhoeic athletes showed reduced
BMD in the lumbar spine, a site where trabe-
cular bone predominates.28 32 33 The most
impressive of these was that by Drinkwater et
al, who studied 14 amenorrhoeic and 14
eumenorrhoeic runners and found that the
vertebral mineral density, measured by dual
photon absorptiometry, was significantly lower
in the amenorrhoeic group, even though they
trained harder (42 miles/week v 25 miles/week).32

Trabecular bone density is therefore reduced
in women with amenorrhoea. This bone loss is
less marked in amenorrhoeic athletes than it is
in amenorrhoeic women doing little or no
exercise.34 Furthermore, when the exercise is
targeted at the spine, as it is in rowers, spinal
bone loss is further attenuated and is similar to
the level seen in eumenorrhoeic non-athletes.'0
This emphasises the localised nature of the
skeletal response to exercise.
The response of cortical bone to low oestrogen

status is less dramatic than that of trabecular
bone, which remodels much more rapidly than
cortical bone. This has been shown in oophorec-
tomised women35 and more recently among
amenorrhoeic athletes.32 36 The duration of
amenorrhoea in athletes may not be sufficiently
long to produce changes, however.

Longitudinal studies on athletic amenorrhoea
have also been performed.37 38 Drinkwater37
restudied nine of the 14 amenorrhoeic and seven
of the 14 eumenorrhoeic athletes from her
original study.32 The lumbar spine BMD was
measured 16 months after the original measure-
ments. Seven of the nine amenorrhoeic athletes
had regained menses and in this group the
BMD had increased by 6X3%. In the two who
remained amenorrhoeic the BMD had decreased
by 3-4%. There was no change in BMD in the
women who remained eumenorrhoeic. Lindberg
showed that in a 15 month period spinal BMD
in four athletes who regained their menses
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Figre 2 Theoretical changes in bone dem
eunenorrhoeic, sedentary women (2), eume
(1), and amenorrhoeic athletes (3).

increased by an average of 6-60
three who remained amenorrhoei
by an average of 1-3%.38
Some amenorrhoeic athletes d

tional deficiencies. Many on ene
diets become energy deficient. T
be on diets deficient in calcium, vi
and other trace elements. Suck
might also have an adverse effect
the attainment of peak bone mass
Amenorrhoea in athletes is as

reduction in trabecular, but not
mineral density. With short
amenorrhoea BMD recovers, at I
with return of the menses. Athlete
tent amenorrhoea continue to lose
and it is this group who may
osteoporosis.

Athletic amenorrhoea and fractu
Cann using computed tomograp
defined the level of trabecular bo
the spine which represents a thri
which crush fractures are not like
This level was 110 mg/cm3, whc
with a spinal bone density beloi
seemed to have a high risk of fracn
multiple fractures. With bone de
110 mg/cm3 the risk of fract
inversely with the bone density.
tend to reach this fracture thres]
mid-sixties (fig 2). Among our
athletes with amenorrhoea, we foi
spinal bone densities below the fi
hold, although, so far, neither h
fractures. Drinkwater also found
rhoeic athletes with spinal bone d(
the fracture threshold.32 No stuc

reported the occurrence of osteoporotic frac-
tures amongst amenorrhoeic athletes, but they
have been described amongst women with
amenorrhoea due to anorexia nervosa (see
above).

Athletes with amenorrhoea may also be at
increased risk of developing stress fractures.

2 Lindberg found that stress fractures in general
were more common among the amenorrhoeic
than the eumenorrhoeic runners.33 The
amenorrhoeic runners also trained harder and

-,------,--, ran greater distances each week, however.
70 80 9o Marcus also found a much higher incidence of

stress fractures in a small group ofamenorrhoeic
runners than in their eumenorrhoeic counter-

ity with age in parts.34 Although they were well matched for
nrhoeic athltes aerobic capacity, it is uncertain whether they

were also matched for training intensity. Intense
training increases the risk of both amenorrhoea
and stress fractures and this may be the reason

to, whereas in why such fractures appear to be more common
ic it decreased in the amenorrhoeic athlete (fig 3).

Premature osteoporosis in later life is the
levelop nutri- chief concern relating to athletic amenorrhoea.
rgy restricted Athletes with prolonged amenorrhoea in their
'hey may also twenties may never attain the expected peak
itamins, zinc39 bone mass in their thirties and might therefore
h deficiencies reach the menopause with a reduced bone mass
on BMD and reserve. They may then have difficulty with-
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;sociated with the menopausal years and cross the fracture
cortical, bone threshold prematurely (fig 2).
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Figre 3 Relation between intense training, amenorrhoea,
and stress fractures.

Conclusions
There are few longitudinal data on the conse-
quences of bone density changes in athletic
amenorrhoea. Encouraging studies by Drink-
water and Lindberg have suggested that bone
density loss due to amenorrhoea may be rever-
sible in women with only short lived distur-
bances of menstruation.37 They studied small
numbers of women, however, and the results
must be interpreted with caution. Irreversible
reductions in bone density may occur if
amenorrhoea is prolonged, but the time length
necessary has not been clearly defined except in
older women after oophorectomy.24

Manipulation of the training schedule or the
diet, or both, in amenorrhoeic athletes may
allow normal menses to return either per-
manently or intermittently. This may be suffi-
cient to protect the BMD. It is difficult to
persuade many athletes to reduce their training
mileage, however, and in such circumstances it
may be appropriate to offer hormone replace-
ment therapy. In the United States such treat-
ment is used commonly in the management of
amenorrhoeic athletes, but little information
exists on the benefits in this age group. There is
also little information on the effect of amenor-
rhoea in sports other than running, but there is
some evidence that the risk of osteoporosis may
be modified by the type of sport performed.
Eumenorrhoeic athletes have levels of spinal

BMD that are up to 15% higher than that found
in the general population. Exercise may provide
an effective way of enhancing peak bone mass
and hence delaying the time taken to reach the
fracture threshold (fig 2). This benefit is lost,
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however, if the exercise is of sufficient intensity
to lead to amenorrhoea. In older women exercise
may also be an effective method of reducing or
preventing postmenopausal bone loss. Whether
exercise might also be of benefit in reducing the
risk of steroid induced osteoporosis has not so
far been studied.
At present it is not possible to specify the

type, intensity or duration of exercise that
provides the maximum anabolic stimulus to
bone. For the future, studies of athletes from
different sports and identification of those
training habits which are associated with
anabolic effects on bone should be helpful in
developing exercise strategies for reducing the
incidence of osteoporotic fractures in later life.

I thank Dr J Reeve, Head of the Bone Research Group, CRC,
and Dr M G Harries, honorary director of the British Olympic
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