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SUMMARY

Moderate exercise is undoubtedly a positive factor in
health. Strenuous exercise in women may lead to
disturbances in reproductive function ranging from
subtle effects on fertility to hypoestrogenic
amenorrhea. Exercise-related menstrual dysfunction is
more likely to occur with strenuous exercise, in women
who are nulliparous, in women with a history of delayed
menarche, in women under age 30, and in women with
low body fat. The mechanism by which the menstrual
dysfunction develops is, to this point, unknown, but no
evidence exists to suggest that it has long-term

repercussions on reproductive capacity.

INTRODUCTION

Awareness of the connection between health and
physical fitness has led an increasing numbers of
individuals, men and women, to under take regular
physical exercise. There has been a corresponding
explosion in the fitness industry, with a proliferation of
fitness clubs and sales of sports clothing and
equipment. In the last decade and a half, increasing
numbers of women have begun participating in
strenuous exercise, and it has become clear that there
is an association between menstrual dysfunction and
exercise. The pathophysiology responsible for the
association, however, now known to include delayed
menarche (1), luteal phase deficiency (2) and
oligomenorrhea or amenorrhea (3), remains unknown,
although most hypothesis invoke a role for endogenous
opioid peptides. Similarly, it is unclear whether the
reproductive dysfunction is a simple abnormality
resulting from undue physical stress, or it represents an
adaptive function to improve athletic performance.

Reproductive Disorders:

As described, the reproductive disorders associated
with exercise form a spectrum ranging from marked
(delay of puberty primary amenorrhea) to subtle (luteal
deficiency) effects. These will be discussed in turn.

(1) Delay of menarche:

Competetive athletes and ballet dancers undergo
pubertal development and menarche later than non-
training peers. This has been established in a number of
studies (4-6), but it remains controversial whether the

delayed development is a result of physical stress,
emotional stress, or delayed pubertal development
produces social pressures which coerce young girls
into particular athletic activities. Some authors maintain
that certain activities fovour a particular physique which
may itself predispose to delayed pubertal development
(7,8); this is a tempting hypothesis with respect to
gymnastics and ballet dancing.

Pubertal development in girls, undergoing exercise
training is probably affected as much by exercise as by
fixed and restricted eating patterns, which appear to
develop in early adolescence. Girls in special groups
(gymnastics, figure skaters and ballet dancers) follow
restrictive diets to achieve the ideal physiognomy for
their performance (9,10). The incidence of anorexia
nervosa in these groups is much higher than in the
normal population (11). In a study of 98 female ballet
students aged 11 to 18 (12), twenty percent of the
sample had abnormal restrained eating scores
(ranging from 10% inthe 11 to 14 year-old group to over
36% in the 15to 18 year-olds), and weights overall fell
into the lower 50th percentiles for age and height. The
older dancers, in fact, reported a desired weight in the
lower tenth percentile. Conditions which are associated
with weight loss or impaired nutrition tend to delay
puberty. Frisch has suggested that the onset of
menarche correlates not only with weight (an average
critical weight of 47 kg being required), but also with a
calculated body fat of about 16 kg. This indicates a need
for proportional body fat of 22-24 % (13, 14).

But other factors besides body weight and nutrition
appear to be involved in the delayed puberty of
exercising adolescents. Warren reported (4), in a study
of young ballet dancers, that they weighed much less
than their peers at all ages, and had a much lower
percentage of body fat. However, when they did reach
menarche, they were heavier than the controls and in
fact had reached the critical weight and proportion of
body fat (as defined by Frisch) at least 4 months
beforehand. After menarche, the controls tended to
gain weight fairly rapidly while the dancers did not.

The effect of emotional stress is difficult to quantify, but
studies contrasting the age of onset of menarche in
ballet dancers and young musicians training and
performing professionally have shown that the
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musicians did not show the same delay in puberty (4).
This suggests that "stress" is not, by it self, the reason
for delayed development.

The observation that enforced periods of rest during
training in adolescents is associated with remarkably
rapid pubertal development attests to the significance
of a "training effect" in the delay of puberty (15). It is
notable that, to the observer, the individuals who
showed rapid development were not malnourished.
Progression in breast development from Tanner, stage
malnourished. Progression in breast development from
Tanner stage 2 to stage 4, which normally takes
approximately 2 years, was seen to occur in as little as
four months.

In this reproductive dysfunction, therefore, nutritional
habits, body weight, body composition and some effect
from exercise itself all appear to be contributing factors.
It seems likely that the neuroendocrine effects
responsible are similar to those producing dysfunction
in post-pubertal athletes.

(2) Amenorrhea

The first report of an increased incidence of
amenorrhea in runners came in 1978 in a report in the
Lancet by Feicht and colleagues (16). This questionnai-
re study indicated that 6 to 43% of college runners were
amenorrheic, depending on the weekly mileage run.
This was in contrast to a survey of 66 female athletes at
the Tokyo Olympics in 1964 (17), when only one
reported amenorrhea. Subsequent studies have
compared the incidence of amenorrhea in cyclists,
swimmers and runners (18), since runners have
become stereotyped as the archetypal amenorrheic
athletes; these studies have indicated higher than
normal incidences of amenorrhea in all groups, but the
incidence was much higher in runners. The incidence of
amenorrhea increased as the training mileage
increased, but in swimmers and cyclists it remained
constant at 12% regardless of training distance.

It is tempting to cite exercise it self (and the physical
stress involved) as the main reason for the amenorrhea
in athletes, but the fact that amenorrheich runners have
a higher incidence of previous menstrual irregularities
(3, 19) suggests that other factors are involved.

Athletic training is, in most instances, associated with
loss of eight and fat - especially those women involved
in aerobic exercise. Other medical models demonstrate
that weight loss alone, for whatever reason, may lead to
anovulation and amenorrhea. Shangold and Levine
(19) have demonstrated that runners who are
menstruating are heavier than amenorrheich runners.
Schwartz and colleagues (3) showed that amenorrheic
runners had proportionately less body fat than runners
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who are menstruating. Possibly the loss of body fat in
amenorrheich runners reduces endogenous estrogen
production by peripheral aromatization, but since
runners tend to have more muscle than controls the
aromatizing capacity of muscle (20) may compensate
for the loss of fat. Thin women tend to metabolise
estrogen by formation of catecholestrogens more than
do fat women (21), and catecholestrogens have a
reduced estrogen effect by virtue of their short half-life.
However, the reason for the association between the
amount of body fat and the rhythm of the menstrual
cycle is essentially unknown.

Dietary changes are common when women undertake
an exercise programme, but no etiologic connection
between this and the development of amenorrhea has
been made. Assessment of total caloric intake and
dietary components in women runners and non-
runners has shown that both amenorrheic and cycling
runners tend to have higher total caloric intake than
non-runners, but that the percentage of diet consumed
as protein is diminished in runners and particularly in
amenorrheic runners (3). Nevertheless, the total
amount of protein consumed is approximately the same
in all.

Exercise is undertaken by many women to relieve
psychological stress, yet the organization required to
allow regular exercise may in some compulsive women
produce a net increase in stress. Subjective stress
associated with running was evaluated by Schwartz
and colleagues (3) and was found to be significantly
higher in amenorrheic athletes compared with regularly
menstruating runners. Cumming et al (22) reported
higher cortisol levels in runners compared with non-
runners, and amenorrheic runners had higher levels
than eumenorrheic runners-although this may have
reflected either an effect of stress or altered steroid
metabolism.

A history of pregnancy appears to protect against the
subsequent development of athletic amenorrhea (23),
and similarly increasing age reduces the likelihood of
menstrual dysfunction. Baker and colleagues (24)
reported that in runners less than 30 years of age the
incidence of amenorrhea was 67%, while in the older
age group it was only 9%. These moderators may
simply reflect increased hypothalamic maturity
associated with age and proven (as opposed to
untested) fertility.

(3) Luteal deficiency

Identification of luteal deficiency is an area of
controversy, and most reports of luteal phase
deficiency have been based on observations of cycle
length or basal body temperature charting. Shortening
of the Iluteal phase and reduced mid-luteal
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progesterone levels were reported during intensive
training in a 30-year-old runner (25). Prior and
colleagues reported the histological finding of luteal
insufficiency in a woman attempting to conceive while
training for a marathon (2). More recently, Reid and
colleagues, in a presentation at the Annual Meeting of
the Canadian Fertility and Andrology Society (1989),
reported normal endometrial histology in premenstrual
biopsies from previously sedentary women
undertaking an exercise programme. The presence of
luteal insufficiency in athletes therefore remains to a
large extent unsubstantiated.

Endocrine Changes

(1) Basal hormone levels in athletes.

There are less available data on chronic changes in
baseline levels of hormones in athletes than data on
acute exercise-associated changes. Amenorrheic
runners tend to be hypoestrogenic (26). Of the known
endocrinopathies that may cause amenorrhea, no
consistent change in basal levels of prolactin or
androgens has been reported (23, 24). TSH levels in
amenorrheic runners were significantly lower than the
levels in non-runners with psychogenic amenorrhea
(3). Baker and colleagues (24) found lower levels of
estradiol, LH and sex-hormone-binding globulin in
amenorrheic runners compared with eumenorrheic
runners and non-runners, but Schwartz et al (3) found
higher levels of LH in amenorrheic runners compared
with eumenorrheic runner sampled in the early follicular
phase. The latter group also found a significantly higher
estrone to estradiol ratio in amenorrheic runners
compared to non-runners, suggesting that estrogen
metabolism is altered in these women. They also
reported higher levels of DHEA-S in amenorrheic
runners compared with amenorrheic non-runners, and
their observation of increased cortisol levels in
amenorrheic runners suggested that exercise-related
amenorrhea is indeed an entity distinct from other forms
of amenorrhea.

(2) Acute hormone changes associated with
exercise.

Investigation of acute changes in response to exercise
is fraught with possible pitfalls which may give
misleading results-perhaps explaining why there is
some disagreement of findings in this area. Cumming
and Rebar (27) have listed some of these possible
pitfalls:

(i) method of sampling which may in it self be
stressful, e.g. repeated venepuncture
(i) insufficient time before sampling to allow levels to
become basal
(i) nonstandardization of time of day
(iv) nonstandardization of stage of menstrual cycle
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(v) relatively infrequent sampling
(vi) failure to sample during exercise
(vii) use of discontinuous workload with inadequate
rest between workloads
(viii) failure to measure a wide range of hormones to
allow correlation of change in related groups of
hormones.

The results of investigations in this area also will
depend on the duration of exercise, and whether the
intensity of exercise is static or changing. Wallace (28)
has described four different investigation protocols and
has related observed hormone changes to the duration
and intensity of exercise. Her study (29), which used
two 20-minute bouts of exercise (separated by a 12-
minute rest period) of 50% and 75% of maximal
intensity respectively, did not show any significant
hormone increases. Two other study designs, one of
constant intensity exercise and the other of constant
exercise with an increment after 20 minutes and after 40
minutes, showed hormone increases only after 30
minutes of continuous exercise. The studies of
Cumming et al (30) used a graded exercise protocol to
maximum capacity, with blood sampling every five
minutes, and found increases in hormone levels from
the first (five-minute) sample.

Cumming and colleagues (27) found that anticipation of
exercise was associated with a rise in LH and
testosterone. With the onset of exercise, non-runners
showed a decline in cortisol, a change not seen in
trained runners, but cortisol levels subsequently rose.
Baseline estradiol and estrone levels were significantly
lower in amenorrheic runners than in menstruating
runners and non-runners. Estradiol levels increased
significantly immediately after beginning exercise in
untrained runners, but this was not seen in trained
runners; conversely, estrone increased with exercise in
trained but not untrained runners. Prolactin and growth
hormone levels increased with exercise in runners and
non-runners, except for a complete lack of prolactin
response in amenorrheic runners. Interestingly, only
amenorrheic runners show no prolactin response to
exercise; even women with psychogenic amenorrhea
show an increase in prolactin with exercise.

The data indicate that preparation for exercise is
associated with activation of the ACTH-adrenal axis,
but few other conclusions can reasonably be drawn.
Since the pre-exercise increase in testosterone
precedes or at least parallels the rise in LH, the
testosterone rise may be a part of the adrenal
preparation. The lack of elevation of basal prolactin,
and the failure of amenorrheic runners to show
elevation of prolactin in response to exercise, indicate
that hyperprolactinemia is not the cause of exercise-
induced menstrual dysfunction. Bromocriptine in these
women does not restore menstrual cycling (26).
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Endogenous opioid peptides

The prejudice that endogenous opiate activity (in the
“runner's high") is involved in the development of
menstrual dysfunction (31) was supported in a study by
Carr and colleagues (32), which suggested that
peripheral beta-endorphin levels increased with
exercise and that the increase was augmented with
training. Endogenous opioid peptides lower the
frequency of pulsatile GnRH release, and pulse
frequency is increased by administration of the opiate
antagonist naloxone However, Cumming and Rebar
(33) showed no effect of naloxone on basal
gonadotropin levels in amenorrheic athletes. This may
not be surprising, since in normally cycling women
naloxone has no effect on LH levels in the relatively
hypoestrogenic early follicular phase - but it does cause
increased LH release in the late follicular and luteal
phases, when estrogen levels are higher (34). Athletic
amenorrhea is a hypoestrogenic state. How to explain
the putative involvement of endogenous opioids in
athletic amenorrhea, therefore, remains difficult.

Clinical considerations

Women athletes presenting with oligomeorrhea or
amenorrhea must be evaluated as for any woman with
menstrual irregularity. It is presumptuous and wrong to
ascribe all menstrual dysfunction in athletes to their
training programme.

The possibility of pregnancy must be considered
initially, although women who have seen a clear
temporal relationship between vigorous exercise and
menstrual irregularity may in fact be less fertile than
their unaffected peers. The signiicant endocrine
causes of amenorrhea, namely ovarian failure,
polycystic ovary syndrome, hyperprolactinemia and
thyroid dysfunction, must be ruled out. A basic
assessment would include assays of LH, FSH,
prolaction and thyroid function (free thyroxine and
TSH). Clinical evidence of hyperandrogenism or
adrenal disease warrants assays of plasma androgens
and cortisol.

The basic test for hypoestrogenism is a progestin
withdrawal test. If there is a failure to respond with
bleeding to a course of a progestin such as
medroxyprogesterone (Provera) 10 mg. daily for 5
days, there is likely to be significant
hypoestrogenism.

If the results of investigation are consistent with
hypothalamic amenorrhea or oligomenorrhea (i.e. low
LH, FSH and prolactin, and normal thyroid function),
then the management of the individual depends upon
her acceptance of a reduction in the amount of exercise
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and her fertility desires. If she is seeking pregnancy, the
first approach should be a decrease in activity. If this is
unacceptable or does not result in restoration of
ovulatory cycles, an attempt at ovulation induction
using administration of clomiphene citrate is the next
step, although if there is significant hypoestrogenism
(failure to bleed in response to progestin) the response
rate is small. Ovulation induction with pulsatile GhnRH or
human menopausal gonadotropins (HMG) may be
required.

If the woman is not seeking pregnancy, does not require
contraception, and bleeds in response to progestin,
then periodic progestin administration (at 1-2 month
intervals) should be prescribed to prevent the
development of endometrial hyperplasia. If she does
require contraception, oral contraceptive therapy may
be offered if there is no contraindication.

If she does not bleed in response to progestin, the
hypoestrogenism thus demonstrated will be associated
with accelerated loss of bone density. Once again, a
reduction in the amount of exercise may reduce the
hypoestrogenism and even allow resumption of
menses. Shangold (35) stresses that no data show that
the positive effect of exercise on bone is benefical
enough to compensate for estrogen deficiency. She
recommends therefore that hypoestrogenic
amenorrheic athletes be given sequential estrogen-
progestin, such as conjugated estrogen 0.625 mg. daily
for 25 days per month with medroxyprogesterone 10
mg. for the last ten days of estrogen administration.
Alternatively, an oral contraceptive preparation may be
used.

Menstrual dysfunction in athletes is usually a matter of
concern to them, although they may deny this. The
evaluation of amenorrhea or menstrual irregularity in
these women must be done carefully and with a
maximum of communication and explanation. Some
may not accept the notion of hormone administration.
Most alteration in their femininity, and if restoration of
cycling can be achieved their self-image will be
restored. An exploration of the possibility of reducing
the amount of exercise is a fundamental step.
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