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Amenorrhea during the reproductive years - is it safe? 
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Objective: To collate information relating specifically to amenorrhea of different etiologies in 
young women, the long- and short-term implications of these states, and the optimal therapeutic 
strategy to treat these conditions, 

Data Identification: Studies related to these topics were identified through literature and 
Medline searches, 

Study Selection: Those studies that relate specifically to amenorrhea in women of reproductive 
age, including etiology, diagnosis, and the implications of replacement therapy or nontreatment of 
this state, were selected, 

Results: Amenorrhea, as defined by the absence of menses for ~6 months, may be found in up to 
3% of women in the reproductive years, Classification of amenorrhea involves defining the exact 
cause for the cessation of menses, be it hypothalamic, pituitary, ovarian, or lower genital tract in 
origin. The majority of amenorrheic young women have very low levels of estrogens, and a minority 
will have subnormal noncyclic estrogen levels, unopposed by P, due to anovulation. This distinction 
is important in considering the long-term implications of amenorrhea. Hypoestrogenic amenorrhea 
is associated with a significant loss of bone mineral density and the associated risk of osteoporosis 
and fractures. Lipoprotein profiles are also adversely affected, and this is associated with an in
creased risk of cardiovascular events. Anovulatory amenorrhea due to "unopposed" estrogen is 
associated with an increased risk of endometrial hyperplasia and endometrial carcinoma even in 
young patients. Therapy should be aimed at treating the underlying cause of amenorrhea, ifpossi
ble, or reconstitution of an estrogen-P biphasic monthly cycle if not. 

Conclusions: Untreated amenorrhea is associated with significant long-term morbidity, espe
cially in young women. Early recognition and institution of treatment will minimize late complica-
tions. Fertil SteriI1994;62:1-16 

Key Words: Amenorrhea, hypoestrogenism, osteoporosis, cardiovascular events, endometrial 
hyperplasia, estrogen replacement therapy, hormone replacement therapy 

Amenorrhea during the reproductive years is not 
an uncommon occurrence. It has been estimated 
that the prevalence of amenorrhea in the general 
female population during the reproductive years is 
1.8% to 3% (1), the prevalence in college-aged 
women is 2.6% to 5% (2-4), and amenorrhea may 
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be seen as often as 20% in patients complaining of 
infertility. Recently, a wealth of information has 
amassed regarding the short- and long-term impli
cations of both amenorrhea and the hormone re
placement therapy used to treat it. The purpose of 
this review is to collate information pertaining spe
cifically to amenorrhea in the reproductive years 
and to synthesize an updated approach to this 
problem. Finally, we will consider less clear-cut 
states of hypoestrogenism, such as the amenorrheic 
woman with polycystic ovaries, or women with oli
goamenorrhea, in an effort to crystallize the overall 
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approach to disordered ovarian function in the re
productive years. 

AMENORRHEA - DEFINITIONS AND 
CLASSIFICATIONS 

Amenorrhea is defined as the absence or cessa
tion of menstrual bleeding and is a manifestation of 
a variety of pathophysiological disorders. The crite
ria used to define the duration of absent periodic 
bleeding or the age at which menarche should ap
pear are not uniform. The failure of menarche by 
the age of 16 or the absence of menstruation for :2':6 
months in a women with previous regular menses 
merits evaluation. (5). Some investigators have de
fined shorter periods of menstrual absence as amen-
0rrhea, e.g., 3 to 4 months, and others have desig
nated the diagnosis of amenorrhea only after 12 
months. For the purpose of clarity, the term "amen
orrhea" will be designated here as :2':6 months of 
menstrual absence. 

There are a number of systems by which amenor
rhea may be classified. It is conventional to subdi
vide patients into two groups: those with primary 
and those with secondary amenorrhea. This is not 
always practical, as almost half of those women suf
fering from primary amenorrhea eventually will be 
found to have similar causes for their amenorrhea 
as those suffering from secondary amenorrhea (6). 
A second, practical scheme is to classify patients 
according to their response to a progestogen chal
lenge. A withdrawal bleed indicates the presence of 
estrogen production and a patent outflow tract. Fur
ther important information may then be obtained 
by gonadotropin levels, which will define the pitu
itary-ovarian status (7,8). 

A third system for classification of amenorrhea is 
etiology oriented. The cause of amenorrhea is diag
nosed as either of hypothalamic, pituitary, ovarian, 
or lower genital origin, and a specific diagnostic 
cause is sought for in each case. This last system 
has the advantage of exact definition and subdivi
sion but is not always clinically oriented. The rela
tive frequency of each diagnostic group was the 
subject of a number of studies. Jacobs et al. (9), and 
Reindollar et al. (10) described the breakdown of 
etiologies in 75 cases and 262 cases of secondary 
amenorrhea, respectively. They found that the 
most frequent causes of amenorrhea were defective 
negative feedback (30% and 28%, respectively) and 
defective cycle initiation (22% and 33.5%, respec
tively). Less frequent causes were hyperprolactine
mia (22% and 14%), and premature ovarian failure 

2 Schachter and Shoham Amenorrhea in young women 

(15% and 12%). Franks (6) described quite differ
ent frequencies in his series of secondary amenor
rhea; the most common cause being weight-loss re
lated amenorrhea (35%) and polycystic ovary 
syndrome (PCOS) (32%). Hyperprolactinemia was 
diagnosed in only 11 % of cases, and premature 
ovarian failure (POF) was to blame in 11 %. A dif
ferent series of amenorrheic women (11) (primary 
and secondary) found the frequency of weight loss
related amenorrhea to be 24.5%, POF to be 24%, 
hyperprolactinemia to be 11 %, and PCOS to be 
only 9%. DiCarlo et al. (12) elaborated on the 
breakdown of diagnostic groups in 610 amenorrheic 
women. They found that PCOS was the most fre
quent diagnosis (30.8%), followed by POF (22%), 
and weight loss-related amenorrhea was found in 
only 12.6% of patients. 

The differences between the relative frequency of 
the various diagnostic groups very likely are due to 
referral bias of the various centers that published 
their results and to differences in defining criteria 
of the various clinical syndromes that cause amen-
0rrhea. Most importantly, it can be deduced from 
reviewing these series that 65% to 75% of all amen
orrheic women are hypoestrogenic, due to either hy
pothalamic-pituitary hypofunction or end-organ 
resistance to gonadotropins. The minority of pa
tients (28% to 35%) will be diagnosed as suffering 
from normogonadotropic-anovulatory amenorrhea, 
usually the PCOS. This distinction has importance 
in the long-term implications of amenorrhea and its 
treatment. 

Because amenorrhea is associated with anovula
tion and infertility, Insler et al. (13) introduced a 
treatment-oriented classification of ovulatory sta
tus. This classification was then modified by the 
World Health Organization scientific group (14) to 
conform to the availability of new ovulation induc
tion drugs. The patients were divided into seven 
groups on the basis of gonadotropin, PRL, and es
trogen levels. Each group is then subjected to ap
propriate induction treatment or hormone replace
ment therapy as required. 

Primary Amenorrhea 

Primary amenorrhea may be confused with de
layed puberty - the latter is often constitutional 
but may indicate an underlying pathology, such as 
primary ovarian failure or hypothalamic hypogona
dotropic hypogonadism. Any discrepancies be
tween breast development, pubic hair appearance, 
and menstrual appearance warrant special atten-
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tion, as these are clues to possible intersex dis
orders. Gonadal dysgenesis is another cause ofpri
mary amenorrhea that may be attributed to ovarian 
failure and may be associated with genital tract ab
normalities as well. Turner syndrome is the most 
frequently found of the dysgenesis syndromes and 
may often be discovered by the clue of associated 
short stature. Spontaneous menstruation may oc
cur, particularly when there is chromosomal mo
saicism. In the long term, it is thought that PDF is 
inevitable. Patients with primary amenorrhea 
should have a karyotype study done, as the presence of 
a Y chromosome dictates the removal of gonadal tis
sue because of the risk of malignancy (15). 

Patients with complete or partial Mullerian 
agenesis will present with amenorrhea but, impor
tantly, have a normal 46XX karyotype and have 
normal secondary sexual characteristics with 
normal estrogen-P production. Moreover, these 
women, even in the absence of a uterus, in theory, 
have the opportunity to bear children through oo
cyte retrieval, IVF, and a surrogate carrier. 

Isolated GnRH deficiency and hypogonadotropic 
hypogonadism (including Kallman syndrome) are 
occasional causes of primary amenorrhea and may 
also be associated with G H deficiency and short 
stature. These states may be identified by determi
nation of serum gonadotropin concentrations. Low 
gonadotropin concentrations, in the absence of ex
ogenous or endogenous estrogen, will indicate a hy
pothalamic or pituitary cause for amenorrhea. 

Reindollar et a1. (16) described 252 patients with 
primary (or pubertal) amenorrhea and found the 
most common etiologic factor to be ovarian failure, 
most commonly due to ovarian dysgenesis (43 %), 
genital tract abnormalities (15%), and physiologi
cal delayed puberty (14 %). The remainder of the 
patients had amenorrhea due to the same range of 
causes that characterize secondary amenorrhea. 

Secondary Amenorrhea 

Amenorrhea Associated with Weight Loss 

Amenorrhea associated with weight loss is a well
characterized clinical syndrome. Amenorrhea in 
these cases results from abnormal patterns of 
GnRH release and subsequent disruption of gonado
tropin secretion and regulation. The incidence of 
weight-related amenorrhea varies widely from se
ries to series, from 9.8% (17) to 35% (6), depending 
on the orientation of the referral center seeing the 
patient. 
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Body weight is a critical factor in the timing of 
the menarche. Fat seems to be the most important 
component and should comprise ~17% of body 
weight; this corresponds approximately to a body 
mass index of 19 kg/m2 (18, 19). Body weight nor
mally increases after the menarche, and continued 
regular menstrual cycles necessitate the mainte
nance of ~22% of body weight as fat (20). The min
imum fat component probably exerts its effect 
through mechanisms involving extraovarian aroma
tization of androgens to estrogens, sex hormone
binding globulin (SHBG) regulation, and mecha
nisms involving insulin and insulin-like growth 
factor I (IGF-I) and their effect on the ovaries (21). 
Low body weight may delay the onset of, or disrupt 
the sequence of, pubertal development. Conversely, 
it may cause the appearance of secondary amenor
rhea if menses were established already. Weight 
loss may be incurred through self-enforced absti
nence, starvation, chronic illness, or exercise; in all 
of these etiologic groups, the final common path
way of its effect is via impaired gonadotropin secre
tion and peripheral impaired estrogen status. Se
vere weight loss and cigarette smoking both favor 
the catabolism of estrogens to the anti-estrogen 2-
hydroxyestrone (22), which may further suppress 
gonadotropin secretion. 

Weight recently has been found to be an indepen
dent factor asso<;iated with achieving peak bone 
mass in adolescent girls, i.e., low body weight was 
associated with a lower bone mineral density in ado
lescent girls regardless of menstrual status (23-26). 
Adolescent girls of low body weight and associated 
amenorrhea had the lowest bone mineral density of 
the group measured. These studies serve to empha
size the physiological importance of weight gain as 
an independent variable in achieving peak bone 
mass, which must parallel chronologically the onset 
of gonadal function. The failure to achieve a normal 
bone mass in the early teenage years may prove to 
be a significant factor in the subsequent likelihood 
of developing osteoporosis. Amenorrheics with low 
body weight were also found to have increased 24-
hour cortisol production, which is known to be 
another risk factor for developing osteoporosis 
(27, 28). 

Anorexia Nervosa 

Anorexia nervosa is an uncommon psychiatric 
disorder that can be found in 0.4% of all female 
adolescents and up to 4.2% of college aged women 
in the United States (3). However, anorexia nervosa 
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is much more commonly found in series describing 
patients with amenorrhea: anorexia then accounts 
for between 15% to 34.5% of patients with amenor
rhea (1, 2, 4, 6, 9, 10). This syndrome actually is a 
form of severe weight loss amenorrhea with varying 
psychiatric/psychosomatic dysfunctions, the major 
components comprising variations on the themes of 
inappropriate body image perception and bizarre 
eating patterns. Self-insight and reality testing are 
often abnormal, and the patient will approach the 
physician for the associated amenorrhea without 
admitting that there is in fact a weight problem. 
Anorexia is also associated with other neuroendo
crine dysfunctions that are orchestrated by the hy
pothalamus: appetite, thirst, sleep, autonomic bal
ance, and metabolic homeostasis. Two important 
endocrine findings are relative hypercortisolemia 
(29) and relative hypothyroidism. Interestingly, the 
endocrine abnormalities and gonadotropin secre
tion are normalized with weight gain, but up to 30% 
of patients will remain amenorrheic (30). These 
points are important in considering the long-term 
consequences of anorexia. A number of studies have 
pointed out the increased risk of osteoporosis in the 
anorectic population. Biller et el. (27) found that 
50% of anorectics had spinal bone mineral density 
> 2 SD below the mean, and the duration of amenor
rhea was correlated with the severity of osteopenia, 
as did others (31, 32). Rigotti and colleagues (33) 
found bone mineral density in anorectics to be sig
nificantly lower than controls, independent of es
trogen status, duration of anorexia, or calcium met
abolic status. Conversely, others (34-36) have 
found reduced calcium and protein intake, hypovi
taminosis D, and relatively elevated cortisol each to 
be a single risk factor in the development of osteopo
rosis associated with anorexia nervosa. Exercise is 
used by some anorectics in an effort to maintain 
their low body weight, and this factor has been 
found to exert a protective influence on bone den
sity. Obviously, this cannot be recommended as an 
optimal means of protection against osteoporosis, 
as excessive exercise will counteract efforts to 
achieve weight gain. 

The age of onset of anorexia nervosa is impera
tive, as the earlier the onset of amenorrhea, the 
lower peak bone mass achieved. This will lead to an 
increase in risk of earlier, more severe osteoporosis 
in the menopausal years. 

Exercise-Associated Amenorrhea 

Regular strenuous physical activity in women 
often is associated with menstrual disturbances: 
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delay in menarche, oligo amenorrhea, and amenor
rhea. Luteal phase disturbances have also been 
found to a greater degree in exercising women than 
in their nonexercising counterparts (37). Amenor
rhea may be found in up to 50% of competitive run
ners, 25% of recreational runners or joggers, and 
approximately 12% of swimmers and cyclists (38, 
39). It is interesting to note that amenorrheic run
ners have a higher than expected incidence of men
strual irregularities, even before the onset of train
ing (40). Endocrinologic status is affected by 
exercise with some similarity to starvation-asso
ciated changes. A reduction in triiodothyronine 
(T 3) and an elevation in reverse-T 3 may be seen, as 
well as lower circulating insulin and IGF -I levels. 
These growth factor changes may affect directly the 
ovary and endometrium, resulting in further gonad
otropin "resistance" at the end organ level. 

The type of exercise has also been noted to be 
correlated with the proportion of body fat. Endur
ance runners are the leanest (approximately 14% 
body fat) and have the greatest proportion of amen
orrheics, whereas swimmers have a greater fraction 
of body weight as fat (some 20% to 25%) and have 
the least proportion of amenorrheics (39). Men
strual function may resume during training breaks, 
despite no change in body weight or composition 
(40), and amenorrhea may appear during intense 
training in previously eumenorrheic or oligomen
orrheic athletes (41, 42). Weight loss and stress 
have been implicated as etiologic factors for exer
cise-associated amenorrhea, both implemented by 
hypothalamic-GnRH dysfunction (43). The stress 
may be metabolic, psychological, or both. Two 
stress-related mechanisms have been implicated in 
amenorrheic athletes. Exercise-induced increases 
in iJ-endorphin levels have been demonstrated to 
influence the frequency and amplitude of LH pulses 
(44-46). Endurance exercise may also cause the re
lease of corticotropin -releasing factor, inhibiting go
nadotropin secretion and activating the adrenal re
lease of corticosteroids and androgenic steroids 
(47). Psychological stress has been implicated as 
the cause of an occasional missed period or a spell of 
erratic periods. However, a number of studies have 
established that emotional upsets do not contribute 
to prolonged amenorrhea of >2 months duration 
(48). It is therefore more likely that physical-meta
bolic stress is a more important component oflong
term amenorrhea in athletes than the psychological 
stress of competition, although both playa role in 
its formation. 

Dancers are another example of high-perfor-
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mance athletes with a high incidence of menstrual 
disturbances, including delayed menarche, men
strual irregularities, and an incidence of up to 44 % 
of secondary amenorrhea. Dancers were also found 
to be at a significantly increased risk for stress frac
tures, soft tissue injuries, and scoliosis (49, 50). 
This may be attributed to the specific type of mus
culoskeletal stress that dancers inflict upon their 
bodies, in this group of women with compromised 
(osteopenic) skeletal systems. 

Many features of athletic and exercise-associated 
amenorrhea overlap with those of anorexia ner
vosa. Excessive weight loss, bizarre eating patterns, 
excessive self-consciousness concerning body and 
body-image, and neuro-endocrine-metabolic aber
rations whose common denominator is expressed as 
hypoestrogenic amenorrhea (51). This result has 
the potential for causing severe long-term morbid
ity. A number of studies focused on the effect of 
exercise- or anorexia-induced amenorrhea on bone 
mineral density. These studies (31, 52, 53) com
pared bone mineral density in amenorrheic athletes 
with that of eumenorrheic controls. Vertebral min
eral density was significantly lower in the amenor
rheic group and was correlated with E2 levels. Cor
tical bone was not affected. Lindberg et al. (54) 
found both vertebral and cortical bone mineral to 
be significantly lower in exercise-related amenor
rheics compared with eumenorrheic athletes. Prior 
and colleagues (37) and Lloyd et al. (55) demon
strated that even subtle ovarian dysfunction, as ex
pressed by anovulatory cycles or irregular menses, 
was associated with greater bone mineral loss than 
ovulatory controls. This was suggested to be due to 
the bone-promoting effect of P (56). 

Moderate exercise has been advocated in the inhi
bition of postmenopausal osteoporosis, but exces
sive exercise in young women probably will circum
vent any positive effect this may have on bone, by 
perpetuating low-weight status and amenorrhea. 
Young athletes probably are placing themselves at 
risk for the development of osteopenia, at an age 
when the attainment of peak bone mass is critical 
for long-term skeletal strength (25, 57). Bone min
eral measurements accurately diagnose osteopenia, 
but the finding of associated osteoporosis and in
creased incidence of fracture reflects the clinical se
verity of this bone mineral loss (11,49). These find
ings indicate the importance of recognizing and 
reversing amenorrhea in otherwise healthy women 
athletes as a long-term strategy for maintaining 
skeletal health and bone strength. 
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Secondary Hypogonadotropic Hypogonadism 

An uncommon cause of hypogonadism, second
ary hypogonadotropic hypogonadism, may be the 
result of hypothalamic-pituitary damage due to cra
nial surgery or irradiation. Sarcoidosis, tuberculo
sis, histiocytosis X, and Sheehan's syndrome are 
extremely uncommon, but must be kept in mind, as 
the underlying lesion will not resolve without ap
propriate diagnosis and treatment. Overall pitu
itary function should be assessed and replacement 
therapy instituted when necessary. Another cause 
of secondary hypo gonadotropic hypogonadism ia
trogenically caused is drug related. The new GnRH 
agonist-antagonist drug regimens that have been 
introduced into gynecological and infertility prac
tice have brought about a revolution in ovulation 
induction and therapy for endometriosis and uter
ine fibroids. Unfortunately, the very down-regula
tion of receptors and hypoestrogenism that were 
the objective of our therapy are associated with un
wanted side effects. Hot flushes, vaginal dryness, 
arthralgia, and irritability are some of the subjec
tive complaints commonly encountered after 1 to 3 
months of treatment. More importantly, even 
short-term hypoestrogenism is associated with 
rapid bone mineral loss. Several studies have dem
onstrated an initial rapid loss of bone mineral in the 
first 6 to 12 months of amenorrhea in the meno
pausal age group (53, 58, 59). Other investigators 
demonstrated the same effect in younger patients 
(27, 32, 60-65), especially on trabecular bone. 
Matta and colleagues (66) followed 13 patients with 
endometriosis being treated with GnRH analogues 
resulting in amenorrhea of 6 months duration. Nine 
of these women were found to have depressed bone 
mineral density, which spontaneously reversed 
after a further 6 months without treatment. Similar 
results were demonstrated by others (67,68). These 
findings attest to the importance of regular ovarian 
function on bone metabolism and the rapidity of 
which hypoestrogenism brings about change, possi
bly permanent, on bone mineral density. 

Hyperprolactinemia 

The most common pituitary cause of amenorrhea 
is hypersecretion of PRL. Hyperprolactinemia may 
result from a secreting adenoma or, secondarily, to 
the "disconnection" of the inhibitory influence of 
the hypothalamus on the pituitary by hypothalamic 
or pituitary stalk lesions. Other causes include hy
pothyroidism, PCOS, and drug effects. 

Amenorrhea in this group of women usually is 
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due to hypoestrogenism, as evidenced by the clini
cal signs of vaginal mucosal atrophy, thin endome
trium, and small uteri (69), lack of P-induced uter
ine withdrawal bleeding, and low serum E2 levels. 
When hyperprolactinemia accompanies PCOS, the 
clinical syndrome is characterized by adequate and 
fixed levels of estrogen and the relative lack of hy
poestrogenic clinical symptoms. Galactorrhea may 
be found in up to one third of hyperprolactinemic 
patients, although its appearance is not correlated 
with the level of PRL or the presence of a tumor. 
Galactorrhea is more common in patients with 
PCOS, even though serum PRL generally is lower 
in this group. This phenomenon may be due to the 
presence of higher estrogen levels. Loss oflibido is a 
common feature of hyperprolactinemia and, inter
estingly, is a major feature in male patients. 

Treatment of hyperprolactinemia commonly 
centers on the use of a dopamine agonist, of which a 
number are available. Secondary hyperprolactine
mia should be treated in the first instance by treat
ing the hypothyroidism or stalk lesion that is the 
cause or by removing the influence of the offending 
drug. Macroadenomas are best treated first by a 
trial of drug treatment, and only then by surgery if 
unresponsive. 

The amenorrhea of hypoprolactinemia is asso
ciated with long-term sequelae on bone status. Sev
eral studies addressing this issue have been under
taken. Klibanski et al. (70) measured bone mineral 
density in 14 amenorrheic hyperprolactinemic 
women and found significantly lower values in 
these women compared with normomenorrheic 
controls. The lowered bone density was correlated 
strongly with the degree of hypoestrogenism and 
the duration of amenorrhea, but not with absolute 
PRL levels. The same group (71) studied hyperpro
lactinemic women with amenorrhea and compared 
bone density with hyperprolactinemic women with 
unimpaired menstrual status. Bone density was 
normal in the group with normal menstrual status, 
despite comparable levels ofPRL. Calcium metabo
lism and androgen-adrenal status were similar in 
the two groups. This observation was confirmed by 
Ciccarelli et al. (72). These data suggest that osteo
penia in association with hyperprolactinemia is due 
to impaired ovarian function and not directly by 
PRL, although another group found lower bone 
density in normomenorrheic hyperprolactinemia 
(73). The hypothesis that osteopenia directly is due 
to hypoestrogenism was tested by Klibanski et al. 
(63) and Caraceni et al. (74) in along-term, prospec
tive trial investigating the effect of treatment of 
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hyperprolactinemia on bone mineral density. Nor
malization of PRL and menstrual status was fol
lowed by increases in bone mineral density, 
whereas untreated hyperprolactinemics had a fur
ther drop in bone mineral density. Lowered bone 
mineral density in hyperprolactinemia was shown 
to be most obvious in spinal (trabecular) bone, 
which was reduced by 25%, but not as evident as in 
radial (cortical) bone, which was reduced only by 
5 % (75). This may be due to differing rates of turn
over in the two types of bone or to a different sensi
tivity of the two types of bone to estrogen concen
trations. 

Current thinking, therefore, is that it is the de
gree of estrogen deficiency rather than the PRL ex
cess that is important (71) and that treatment 
should be aimed at preventing long-term effects of 
hypoestrogenism; loss of bone mineral is reversible 
to an extent that is dependent on the preceding du
ration of amenorrhea (76). 

Ovarian Dysfunction - peos 

The most common ovarian cause of oligomenor
rhea and amenorrhea is PCOS, and this syndrome 
is responsible for 26% to 37% of all cases of amenor
rhea. Although it may be one of the most studied 
syndromes in endocrinologic practice, the precise 
cause is unknown. Hypothalamic, pituitary adre
nal, and ovarian lesions have been postulated, and 
evidence supporting each ofthese postulates exists. 
The major features of PCOS include oligomenor
rhea, variable hirsutism and obesity, hypersecre
tion of LH, hyperandrogenism, and hyperinsulin
ism. Hypersecretion of insulin, both in the fasting 
state and in response to oral glucose, may be found 
in 50% to 65% of all women with PCOS (77). High 
levels of insulin have been shown to inhibit SHBG 
production, therefore leading to higher levels of free 
androgens, worsening hirsutism. Increased andro
gens may worsen obesity and particularly the dis
tribution of fat in a male-type pattern and have 
been correlated with an increased risk of hyperten
sion and heart disease. Excessive insulin lowers the 
production of high-density lipoproteins, possibly 
leading to an increased long-term risk of cardiovas
cular disease (78). Growth factor imbalance has 
been implicated in the ovarian pathophysiology of 
PCOS, particularly the GH-IGF-I axis (79). This 
imbalance may have additional cardiovascular and 
lipoprotein effects not previously appreciated (80). 

Unlike other causes of amenorrhea, PCOS is as
sociated with adequate estrogenization. There is 
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ample androgen substrate to be aromatized to es
trogen, either in peripheral fat tissue or in the ovary 
itself. In the anovulatory state, this leads to long
term "unopposed" estrogen effects. These effects 
have been described in connection with endome
trial hyperplasia by Chamlian and Taylor (81). 
Cystic hyperplasia may progress to hyperplasia 
with atypical changes and even adenocarcinoma. Al
though carcinoma is rare in women < 40 years of 
age, its appearance is associated almost invariably 
with PCOS or estrogen secretion by granulosa cell 
tumors (82-84). 

Amenorrheic women with polycystic ovaries ap
pear to be protected from the development of osteo
penia, as measured by bone mineral density (11, 
12). This most likely is due to the lack of estrogen 
deficiency, although both the associated obesity 
and hyperandrogenism may each be an indepen
dent protective factor in this respect. Dixon et al. 
(85) studied 32 hirsute women and found that de
spite lower (than control) E 2 levels their bone min
eral density was in the normal range. When com
pared with nonhirsute women with oligomenorrhea 
with comparable E2 levels, bone mineral density 
was significantly higher and correlated with andro
gen levels. 

Bone mineral density was not as depressed in 
PC OS patients as in other amenorrheics (12), but it 
was still lower than normal ovulatory controls. This 
may be due to the loss of cyclic P, as suggested by 
Prior et al. (37). The ultrasonic finding ofpolycys
tic ovaries, even without associated components of 
PCOS, also was correlated with "protection" from 
loss of bone mineral density (12). A single common 
denominator explaining both of these phenomena 
has not been found but may involve growth factors 
such as the IGFs. 

The long-term effects of PC OS-associated amen
orrhea appear to be due to lack of cyclic exposure to 
P and the regular cyclic shedding of endometrium. 
This is in fact the treatment strategy suggested to 
avoid endometrial hyperplasia. If ovulation induc
tion is not required, regular use of a combined oral 
contraceptive or an oral progestogen taken 12 days 
every 4 to 6 weeks usually will prevent hyperplasia. 
Weight control is important to help lower baseline 
insulin levels, which in turn will normalize lipopro
teins, SHBG, and free androgens (86). Regular ex
ercise is also important in the suppression of insu
lin levels. The results of ovarian diathermy on 
polycystic ovaries have been described both in re
spect of endocrine and ovulatory normalization 
(87-89). The effects ofthis procedure have yet to be 
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examined in long term follow-up, and as of yet it 
cannot be presumed that ovarian function is nor
malized after diathermy, although it has been dem
onstrated to exert a favorable effect on ovulation 
and androgen production. 

Premature Ovarian Failure 

Premature ovarian failure may be defined as the 
appearance of amenorrhea with raised gonadotro
pin levels before the age of 40. The true incidence of 
this condition may be underestimated; it has been 
quoted as 1 % to 5% of women under the age of 45 
(90, 91). The relative incidence of POF in amenor
rheic women has been estimated to be 10% to 36% 
(6,9-12). In the majority of women with POF, the 
etiology is unknown. A certain proportion of pa
tients have a clear-cut cause of POF, including pel
vic radiotherapy and chemotherapy, infection 
(viral or microbacterial), and previous pelvic sur
gery, obviously including oophorectomy. 

Autoimmune ovarian failure is probably a major 
cause of POF. Luborsky et al. (92) demonstrated 
ovarian autoantibodies in 39% to 69% of cases of 
POF. Lymphocytic infiltrates have been found in 
ovaries of women with POF, supporting this etiol
ogy. A number of investigators have found signifi
cant proportions - 30% to 50% - of patients with 
POF to have associated autoantibodies (93-95); 
these may coexist with ovarian autoantibodies, 
which are extremely difficult to demonstrate con
sistently. It has been speculated that an X-chromo
some defect may be responsible for immune dysreg
ulation that results in autoantibody formation (96); 
this may explain the linkage between women with 
autoimmune disorders, such as Hashimoto's thy
roiditis or myasthenia gravis, and POF. Cigarette 
smoking has also been shown to be associated with 
a significantly younger age at menopause than non
smokers (97). 

Before the absolute cessation of periods in true 
POF, some women experience an intermittent re
turn of menses, interspersed with variable periods 
of amenorrhea. Plasma FSH often is elevated mod
erately in the range of 10 to 20 mIU /mL in the early 
follicular phase of spontaneous cycles. Ovulation is 
erratic and not consistently achieved even after go
nadotropin stimulation. Suppression of endoge
nous gonadotropin levels by prior treatment with 
estrogen or GnRH agonists (98-100) has not 
yielded significantly improved rates of ovulation or 
pregnancy. Immunosuppression has also been de
scribed as a treatment modality but has achieved a 
very limited success (92). 
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Women who have undergone oophorectomy or 
who develop POF in young adulthood have lower 
bone density in later life than their eumenorrheic 
peers (53,62). Surgical menopause accelerates bone 
loss, and estrogen replacement prevents or slows it, 
in both appendicular and axillary bone (64, 65). 
Emans and colleagues (101) found that up to 64 % of 
young women with POF for 2 years had bone min
eral densities> 2 SDs below the mean. Metka et al. 
(102) recently published data on the improvement 
in bone density in patients with long-term (mean, 7 
years of amenorrhea) POF after combined estro
gen-P hormone replacement therapy. More impor
tantly, hormone replacement therapy very likely 
protects young women from fractures, as well as 
improving bone mineral density (11). 

EFFECTS OF ESTROGEN DEFICIENCY 

As most of the above-mentioned etiologies cause 
amenorrhea with hypoestrogenism, the pathologi
cal changes associated with the loss of physiological 
ovarian function, i.e., loss of normal sex steroid se
cretion, should be addressed. 

Short-Term Effects 

The early symptoms of lack of estrogen include 
hot flushes, night sweats, vaginal dryness, lack of 
energy and libido, and general depression. A host of 
other symptoms have been described with less fre
quency; all are nonspecific. The psychological im
plications of amenorrhea, with respect to loss of 
feeling of femininity, fear of altered appearance and 
appeal, and worries about associated infertility in a 
young woman, should not be taken lightly. Any 
young woman seen by the clinician with depressive 
signs, mood changes, or any of the vasomotor com
plaints previously described should be evaluated, by 
history and laboratory, for ovarian function. Dis
closure of oligomenorrhea or amenorrhea should 
prompt further investigation and definitive di
agnosis. 

Long-Term Effects 

Recent research has investigated extensively 
menopause, both its consequences and manage
ment. In this report we deal specifically with the 
consequences of amenorrhea as they appear in the 
young woman with amenorrhea. 

Osteoporosis 

Osteoporosis is caused by an imbalance between 
bone formation and its resorption; bone turnover is 
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a continuous process that can involve up to 10% of 
total bone even in adult life. Bone density and 
strength are built during childhood and adoles
cence; there is now a fairly wide consensus that 
peak bone mass is achieved by mid to late adoles
cence, and at the latest by the late 20s (23-25). 
Bone density and strength at anyone point in time 
will be determined by a number of factors. These 
include the peak bone mass that the individual 
starts out with, this in turn is influenced by genetic 
(103-105) and environmental factors, including 
race, sex, general health and nutrition, exercise, 
and height and weight as achieved by late adoles
cence. Hence, the paramount importance of normal 
weight and exercise levels in adolescent girls, is to 
enable optimal bone development. Young women 
who have experienced amenorrhea during the ages 
14 to 18, especially if associated with weight 
changes, anorexia, or excessive exercise, are at an 
initial disadvantage with respect to bone mineral 
density compared with girls with normal menstrual 
status (106). Subsequent bone loss over time is the 
integrated result of a large number of physical, di
etary, environmental, hormonal, and growth fac
tors (107, 108). In general, bone is lost at the rate of 
0.25% to 1 % per year after the age of 35 but may be 
as much as 4.2% per year for women in the early 
menopause (109). Osteoclast resorption is acceler
ated in the first 6 to 24 months of menopause, and 
trabecular bone is affected most by this state. This 
may be identified by bone mineral density measure
ments in the spine, femur neck, and distal radius. 
Johansen et al. (110) reported on the correlation 
between bone G 1a protein and bone density mea
surements, noting improvement with estrogen 
treatment. This test may prove to have value in the 
follow-up of replacement therapy on bone. 

Age is an independent factor; younger women 
have been identified to lose less bone density after 
the onset of amenorrhea than menopausal women 
(111, 112), but this may be secondary to different 
rates of calcium absorption, vitamin D metabolism, 
and exercise (113). Riggs et al. (114) differed on this 
point and postulated that a more rapid turnover in 
trabecular bone in younger women leaves these 
women more susceptible lack of estrogen. 

Risk factors independent of estrogen status 
should be identified and corrected, if possible. 
These include hyperthyroid status or over-replace
ment of thyroxine, corticosteroid excess, and hyper
parathyroidism. Endometriosis has been described 
as an independent factor for osteoporosis even in 
the face of normal estrogen and P status (115). 
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Drug-related causes of osteoporosis include the use 
of a number of anticonvulsants, heparin, and the 
phenothiazines (116). Smoking has been identified 
as a risk factor in the development of osteoporosis 
(117). The mechanism(s) by which smoking may 
contribute to osteoporosis include local bone pH 
and/or oxygen tension modification, higher levels 
of carbon monoxide, or lowered tissue bioavailabil
ity of vitamin C. Cigarette smoke has also been 
shown to induce hepatic enzymes that lower serum 
levels of E 2 ; a significant inverse correlation has 
been found between the number of cigarettes 
smoked per day and the serum level ofE2 (118, 119). 
Alcohol also was demonstrated to be a risk factor 
for osteoporosis (120-121). This may be accounted 
for by disturbed calcium and vitamin D absorption, 
as well as a direct depression of osteoblast func
tion by ethanol (121). Bone mass measurements 
have confirmed this effect, especially on trabecular 
bone (122). 

Normal calcium metabolism is central to the up
keep of healthy bones. Impairment of calcium ab
sorption, calcium -deficient diet, increased calcium 
loss - fecal or urinary - can cause a long-term 
negative calcium balance and loss of bone mass 
(113, 123). The degree of correlation between cal
cium intake and osteoporosis has been examined in 
a number of populations (124, 125). Analysis of 
these data demonstrated that dietary calcium in
take affected peak bone mass significantly (26) and 
the rate of loss moderately (126, 127), influencing 
the risk of a fracture. Another study in the United 
Kingdom showed that lowered calcium intake was 
not a risk factor for osteoporotic fractures (128), 
and vitamin D or a-hydroxyvitamin D3 alone were 
not found to be protective (129). Probably the most 
comprehensive long-term follow-up study in this 
regard was published by Wickham and colleagues 
(130), who followed 441 women for 15 years. They 
concluded that risk of osteoporotic fracture was 
correlated with age, and not with calcium intake. 
Additional protective factors were degree of physi
cal activity and muscle strength. Finally, recent re
search has pointed out that vegetarians, and espe
cially "vegans" vegetarians have lower bone 
mineral density than matched (for menstrual sta
tus) controls (131, 132). This has been postulated to 
be secondary to a modification of intestinal flora, 
resulting in impaired vitamin D and estrogen en
terohepatic circulation. All of the aforementioned 
data serve to emphasize that osteoporosis-osteo
penia is multifactorial and that healthy bones de
pend on the proper interlocking of many comPO-
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nents - one of the most important of which is 
menstrual status. (133-135). 

The bone mineral density of 200 young women 
with amenorrhea was assessed in a report by Davies 
et al. (11). Mean bone density was 15% lower than 
age-matched controls and was related to the dura
tion of amenorrhea and to the severity of estrogen 
deficiency. More importantly, 28.5% of these 
women were shown to have sustained osteoporotic 
fractures, and the bone density of this subgroup of 
patients was even lower than the whole group 
mean. Thus, in amenorrhea in young women, os
teopenia is associated with the real risk of osteopo
rosis and fracture and is not just a curious radio
logic finding. 

There is some controversy regarding the efficacy 
of hormone replacement therapy or the reconstitu
tion of normal hormone status on existing osteopo
rosis. The return of normal estrogen status has 
been found to improve bone mass in women with 
POF (62, 102), in anorexia nervosa (32), hyperpro
lactinemia (63), and GnRH agonist-induced amen
orrhea (66). Other studies have found that no appre
ciable difference in bone density was found before 
and after institution of hormone replacement ther
apy and that the effect of replacement therapy 
manifested itself primarily in the prevention of fur
ther loss (11, 101, 136-138). It is important to em
phasize that although bone mineral density is likely 
to improve after normalization of hormone status 
(139), it is unlikely to improve beyond an additional 
5% to 10%, and probably does not return to a nor
mal value. However, several studies have shown the 
protective effect that replacement therapy has on 
the prevention of fractures (140-142), so that it 
seems that radiologic changes are not always re
flected in clinical presentation. Weare left with the 
conclusion that the optimal therapy is prevention 
by early diagnosis and early correction of estrogen 
status (143). 

Subtle ovulatory disturbances have also been 
found to be associated with a reduction in bone 
density (37, 144, 145), and it has been suggested 
that underproduction of P may play a role in the 
development of osteoporosis (56). Progesterone 
promotes bone formation and decreases remodel
ing, whereas estrogen acts to prevent bone resorp
tion and decreases remodeling, possibly directly 
through estrogen receptors on osteoblasts (146, 
147). It is clear that an intact ovulatory unit is opti
mal for normal bone formation. But it therefore fol
lows that oligomenorrheic women are at a disad
vantage compared to normomenorrheic women 
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with respect to bone maintenance. This raises the 
question of monthly P administration to oligomen
orrheic, including perimenopausal (144, 145), 
women, as opposed to the practice of administering 
P only if amenorrhea exceeds 4 to 6 months, or not 
at all. Moreover, these data question the practice of 
estrogen-only hormone replacement when the pa
tient has no endometrium. It may be, that by treat
ing the patient with estrogen only, she is left at a 
disadvantage in bone density in the long term. 
These questions cannot be resolved without pro
spective clinical long-term trials with appropriate 
study and control groups. 

Endometrial Hyperplasia 

Normogonadotropic amenorrhea is possible in 
the clinical setting of peos. Amenorrhea is the re
sult of chronic anovulation, and the establishment 
of a steady state of hormone secretion. Estrogen, 
and androgens, are secreted on a continuous basis 
at low concentrations. This low-level secretion is 
responsible for the lack of short-term hypoestro
genic complaints and the protection afforded 
against bone mineral loss. However, continuous 
"unopposed" estrogen eventually may induce hy
perplastic changes in the endometrium (148-150). 
Twenty-five percent of all young women found to 
have endometrial hyperplasia in one study (81) had 
been diagnosed as peos and, in those not treated, 
14% developed carcinoma in situ. The increased in
cidence of carcinoma in situ and frank adenocarci
noma of the endometrium in women diagnosed as 
having cystic hyperplastic changes has been well 
documented (82, 150, 151). Seven of 10 patients 
under the age of 25 diagnosed with endometrial car
cinoma had features of classical peos, and all 10 
had oligoamenorrhea (82). It is therefore extremely 
important to avoid long-term unopposed estrogen 
effects on the endometrium, and one of the basic 
diagnostic measures in the evaluation of amenor
rhea, the progestogen challenge, has proved to have 
therapeutic value as well. Withdrawal bleeding, as 
induced by administration of a progestogen, is evi
dence of enough endogenous estrogen production to 
prime the endometrium for gestagenic changes. 
Withdrawal bleeding may be used as the direct bio
measure ofthe necessity for continued administra
tion of progestogen compounds on a regular basis. 
Endometrial sampling is indicated if intermen
strual bleeding occurs or if endometrial thickness 
exceeds 10 mm by ultrasound scan after withdrawal 
bleeding was induced. 
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Cardiovascular Disease 

Estrogen has been shown to have beneficial ef
fects on cardiovascular status in women.(78, 152, 
153). High density lipoprotein is increased, whereas 
total cholesterol and low density lipoprotein are de
creased. The overall effect is of cardiovascular pro
tection; this has been demonstrated by the use of 
estrogen replacement regimens in postmenopausal 
women (154-159), although one report (160) calcu
lated an increased rate of myocardial infarctions for 
smoking estrogen users. Younger women with pre
mature loss of ovarian function have also been 
found to be at increased risk for cardiovascular dis
ease, and the use of estrogen replacement regimens 
appears to be protective (161). Data presently avail
able refer to surrogate measures of cardiovascular 
risk, i.e., lipoprotein and triglyceride changes or oc
clusion scores on coronary angiography (162). Ret
rospective studies have been carried out in post
menopausal women; both current- and ever-use of 
estrogens (usually conjugated equine estrogens) 
conferred a significant protection factor against fa
tal and nonfatal cardiovascular events (163). 
Women who became menopausal before the age of 
45 and were treated with replacement estrogens 
demonstrated highly significant protection against 
cardiovascular events compared with those un
treated (164). Estrogen replacement therapy users 
showed a relative risk of cardiovascular mortality of 
0.71 (P < 0.001). Taken together, both surrogate 
measures of cardiovascular disease risk, lipopro
teins and angiography scores, and actual cardiovas
cular event risk are favorably influenced by estro
gen replacement. Although this beneficial effect 
seems to be even more pronounced when meno
pause occurs at an earlier age, prospective studies 
aimed at answering this question in prematurely 
menopausal women will have to be conducted to 
arrive at a valid conclusion. 

HORMONE REPLACEMENT THERAPY 

Young women with amenorrhea are therefore at 
risk of developing osteoporosis and coronary artery 
disease, if associated with hypoestrogenism, and 
endometrial hyperplasia, if not hypoestrogenic. 
Preventative measures should be taken to ensure 
minimal exposure to these risks. A cyclical estrogen 
and P preparation is required for patients with a 
uterus to prevent endometrial hyperplasia, and 
cyclical progesterone only, if endogenous estrogen 
exists. The hormone replacement therapy prepara-
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tions that are currently in use for postmenopausal 
women also are preferred for younger women with 
ovarian failure. Oral contraceptive pills contain a 
much higher dose of estrogen than that needed for 
hormone replacement only, and "natural" conju
gated estrogens or E2 found in hormone replace
ment therapy preparations are likely to have ad
vantages over synthetic ethinyl E2 found in oral 
contraceptives. Estradiol valerate has the added 
advantage of not elevating triglycerides, as opposed 
to conjugated equine estrogen, so that it ultimately 
may prove to be the optimal estrogen component. 
Estradiol valerate, in the presently used doses, has 
the additional advantage of not being a contracep
tive, so that the uncommon - but possible - ovu
lation in patients with POF will not be inhibited, 
allowing for a possible pregnancy. 

Many progestogens negate the beneficial effects 
of estrogen with respect to lipoproteins, as demon
strated by the continuous norethisterone regimen 
(165). Cyclical medroxyprogesterone acetate or dy
drogesterone for 12 days each month has a minimal 
"estrogen spoiling" effect without losing the neces
sary endometrial protecting effect. (166, 167). Me
droxyprogesterone acetate (MP A) has a moderate 
bone-promoting effect but much less so than the 
androgenic 19-nor-progestogens (168). Recent ad
vances in the synthesis of a micronized, orally ac
tive natural P have raised hopes that this may be 
the optimal progestogen for future hormone replace
ment therapy. Lipoprotein profiles are not affected 
adversely with natural P (169). Unfortunately, mi
cronized P has erratic absorption and metabolism. 
Thus, despite a wide choice of combinations, it still 
remains unclear which hormone replacement ther
apy preparation is best suited for long-term replace
ment in the young woman with hypoestrogenic 
amenorrhea. The young woman with oligoamen
orrhea and PCOS, if contraception or ovulation in
duction is not an issue, should be administered cy
clic progestogens, either MPA or dydrogesterone 
for 12 days every month, in the same type of cyclic 
monthly estrogen (here, endogenous)-P regimen as 
any other amenorrheic woman. The more andro
genic 19-nor progestogens may be avoided. 

General measures to minimize the detrimental 
effects of amenorrhea should be encouraged. These 
include discouraging cigarette smoking and alcohol 
consumption; achieving ideal weight; proper diet, 
especially calcium intake; and exercise, within rea
sonable limits. 

The long-term adverse effects of hormone re
placement therapy in the hypoestrogenic young 
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woman are difficult to estimate. The extrapolation 
from data concerning side effects quoted for post
menopausal hormone replacement therapyprepara
tions on a younger amenorrheic population proba
bly is invalid because of the extensive age 
difference. Similarly, extrapolation within the 
same age group, from data concerning side effects 
for oral contraceptives, cannot be valid because 
these preparations contain synthetic estrogens and 
progestogens administered to a population of basi
cally endocrinologically normal patients. Properly 
structured long-term follow-up studies will have to 
be conducted before conclusions may be drawn on 
this point. 

CONCLUSIONS 

Amenorrhea in a young woman is not uncom
mon, with an incidence of 1 % to 3% of the general 
population. As different etiologies may cause this 
condition, it is of prime importance to diagnose 
correctly and to assess accurately the underlying 
pathology of the problem. Once correctly diag
nosed, measures may be taken to correct the under
lying malfunction or, conversely, to draw up a 
strategy for long-term replacement therapy. The 
ultimate goal is to prevent the long-term morbidity 
associated with the hypoestrogenic state-primar
ily osteoporosis and cardiovascular disease-and 
that associated with the unopposed estrogen state 
-endometrial hyperplasia. The optimal replace
ment therapy preparation has not been formulated 
yet, but ideally will simulate accurately the natural 
estrogen and P environment with an absolute mini
mum of adverse effects. 
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