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Menarche, menses, and menopause: 
a brief review 
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• Reproductive maturation, the menstrual cycle, and the transition to postreproductive life are complex 
processes. Detailed understanding of reproduction underlies logical patient management. Greater under-
standing of physiology has brought about better control of ovulatory problems and the beginnings of a 
logical approach to other problems such as androgen excess, where two complex systems overlap. 
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OVER a period of 40 years between menarche 
and menopause, the reproductive organs of 
normal women undergo repeated series of 
sequential changes that form the menstrual 

cycle. The target organs (endometrium, fallopian tubes, 
cervix, vagina, and breasts) and many nontarget organs 
are influenced by the steroid hormones produced in the 
temporary endocrine gland formed in the dominant fol-
licle. The interaction between the follicular apparatus 
producing steroid hormones and the hypothalamic-
pituitary unit producing gonadotropins is complex, with 
a dynamic reciprocity not found in other endocrine sys-
tems (Figure I). The ovum matures over 2 to 3 weeks 
from an inert state that has lasted many years to be re-
leased at a time when sperm transport is facilitated and 
to be transferred to the uterus as an embryo when the 
endometrium is prepared for nidation. The corpus lu-
teum has the ability to involute, making way for the 
next dominant follicle if pregnancy does not occur. It 
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can also survive and grow as a functioning unit for 
several weeks if pregnancy does occur. 

Extensive reviews of menarche,1 the menstrual 
cycle,2-4 and menopause5 have been published. This 
paper is a brief account of the endocrine physiology of 
the menstrual cycle and of the beginning and end of the 
reproductive cycles. 

MENARCHE 

At birth, the normal human ovary contains about 2 
million oocytes with follicles in various stages of 
development, including mature antral follicles.6 During 
childhood, the ovary is active but not stimulated suffi-
ciently to produce significant quantities of sex steroids.7 

The hypothalamic-pituitary-ovarian axis is functional in 
the fetus, but GnRH (gonadotropin-releasing hor-
mone)-gonadotropin secretion is suppressed shortly 
after birth and remains suppressed during childhood.8 It 
remains unclear exactly how the suppression is control-
led in the human; it is conceptualized as a structural or 
functional "gonadostat" that is highly sensitive to circu-
lating sex steroids. Presumably, it is mediated by cur-
rently unidentified inhibitory neurotransmitters sup-
pressing the normal activity of GnRH-producing cells. 

The beginning of puberty is associated with increased 
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FIGURE 1. Interaction of the components of the 
hypothalamic-pituitary-ovarian axis. 

GnRH activity, and gonadotropin release becomes pul-
satile.9 The pattern of gonadotropin responses to exo-
genous GnRH also changes during maturation. Initially, 
the follicle stimulating hormone (FSH) response is rela-
tively greater, but as puberty advances, this is replaced 
by the adult pattern of greater luteinizing hormone (LH) 
response.10 The pattern of change in gonadotropin re-
sponse probably reflects both steroid feedback at the 
pituitary level and the changing GnRH pulsatile release 
as the hypothalamus matures.7 T h e attainment of 
puberty in women is associated with an increased blood 
level of biologically active gonadotropins, which in-
creases relative to levels measured by usual radioim-
munoassay methods.11 The increase in biologically ac-
tive gonadotropins in turn leads to follicular 
development in the ovary and a consequent increase in 
circulating gonadal steroids. The increasing levels of 
circulating sex steroids produce development of the sec-
ondary sexual characteristics. 

In childhood and up to the prepubertal period, estro-
gen acts at the level of the hypothalamus to suppress LH 
release (negative feedback). At the time of puberty, the 
hypothalamic "gonadostat" loses sensitivity and so al-
lows the increase in biologically active gonadotropins 
that, in turn, furthers estrogen production.7 When the 
serum levels of estrogen are sufficiently high for a suffi-
cient length of time, a positive-feedback mechanism is 
stimulated, resulting in a surge of LH.12,13 When the sys-
tem reaches total maturity, the ovum is released for 
fertilization. 

It is clear that the ovary plays only a passive role in 
this maturation process, responding solely to the stimuli 
from the central unit. When the system is mature 
enough to elicit an ovarian response and to respond nor-
mally to signals from the developing follicular apparatus, 
the axis is ready for ovulatory cycles. This may not take 
place for some time following menarche, so that initially 
anovulatory cycles are the rule.13 Menarche occurs when 
the estrogen levels are sufficient to stimulate en-
dometrial development. It has no particular physiologi-
cal significance since it is merely a step on the way to full 
maturity, but it does have considerable sociological and 
psychological significance and tends to be remembered. 

Reproductive maturation in the human, as in other 
mammals, occurs when the individual has reached a size 
and stage of development commensurate with a high 
likelihood of successful reproduction.14 The average age 
of menarche in North America is 12.5 years, some 2 
years after breast development begins and 6 to 8 years 
after the androgen levels begin to increase.15 Informa-
tion collected over the last century suggests that the 
mean age of menarche has steadily decreased in the 
developed world.16 

The timing of sexual maturation and the onset of 
menstrual periods in women may be influenced by a 
number of factors, including genetic and ethnic back-
ground, socioeconomic status, number of siblings, sea-
son, climate, altitude, and general health. Kirkwood et 
al14 have suggested that the various factors influence 
pubertal development and menarche predominantly by 
altering the nutritional status of the prepubertal child 
and the adolescent. More girls now enter puberty at an 
earlier age, but the earliest age of menarche has re-
mained unchanged.17 In general, menarche has corre-
sponded with physical size rather than chronological 
age; thus young women achieve menarche at the same 
physical size as their mothers but at an earlier age.16 

These and other observations provided the basis for the 
evolution of the critical-body-composition theory for 
the initiation of menarche.18 While many criticisms 
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have been made of the critical-body-fat theory,14,19 it re-
mains likely that some form of metabolic or nutritional 
threshold is involved in menarche. However, it is also 
clear that menarche is a late event in a maturational 
process that began several years before with a slow in-
crease in androgen levels. T h e increase in adrenal 
androgens—a process termed "adrenarche"—precedes 
by several years any significant change in circulating sex 
steroids and in some species seems a prerequisite for con-
tinuing reproductive maturation.20 In humans and the 
great apes, the sequence of events is characteristic, but 
adrenarche does not seem necessary to the continuing 
developmental process.20,21 

NORMAL MENSTRUAL CYCLE 

The cyclic shedding of the uterine lining results from 
complex interactions of the hypothalamus, pituitary, 
ovaries, and endometrium. The events of an idealized 
28-day cycle are summarized in Figure 2. As indicated 
previously, the total complement of follicles is laid down 
in the ovary during intrauterine life.6 T h e ovarian 
events of the menstrual cycle include selection of the 
dominant follicle, follicular maturation, ovulation, 
luteinization of the follicle, and luteolysis. As the corpus 
luteum fails, a new dominant follicle is being recruited. 
Little is known of the recruitment except that the dom-
inant follicle seems to develop, perhaps by chance, from 
a cohort of follicles in the ovary that has been dormant 
during the previous cycle and is dependent upon the 
characteristic pattern of gonadotropin secretion as de-
scribed by Fritz and Speroff.2 Morphological and bio-
chemical changes during follicular maturation are 
characterized by increased oocyte size, increased num-
bers of granulosa cells in the follicle, acquisition of FSH 
and other receptors (including estradiol, androgen, ge-
stagen, prolactin, and prostaglandin receptors) on the 
membrane or in the cytosol of the granulosa cells, in-
creased LH-mediated androgen synthesis in the theca 
cells, and increased FSH-mediated conversion to 
estradiol in the granulosa cells.' Estradiol is maintained 
within the follicle and secreted into the systemic circu-
lation. High systemic levels suppress FSH release. The 
high intrafollicular levels of estradiol in the dominant 
follicle protect it when serum FSH levels are suppressed. 

Ovulation occurs when the physical maturation of 
the follicle is complete. The process is dependent upon 
the LH surge, which is also responsible for resumption of 
meiosis in the oocyte and luteinization of granulosa cells 
(to provide an increase in progesterone, which is in part 
responsible for the LH surge), as well as local prostaglan-
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F I G U R E 2 . Integration of functional and hormonal events of 
the menstrual cycle. 

din and enzyme synthesis necessary for the release of the 
ovum.22 Luteinization is characterized by increased cell 
size from 12-14 |im to 3 0 - 4 0 pm, an increased cyto-
plasmic-nuclear ratio, and the acquisition of cytoplasmic 
granules and fat droplets.23 Functionally, the changes 
lead to increasing progesterone production and a sec-
ondary increase in estradiol manufacture.24 Luteiniza-
tion begins following exposure of the mature follicle to 
high levels of LH, and the corpus luteum needs continu-
ing basal LH support.22 The FSH receptors decrease, and 
the cyclic adenosine monophosphate response to FSH 
decreases. A local "luteinizing inhibitor" and high local 
levels of estrogen prevent significant luteinization 
before follicular rupture. Luteolysis, the degeneration of 
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the functioning corpus luteum, is poorly understood but 
seems to involve luteolytic effects of estrogen produc-
tion mediated perhaps through prostaglandins.25 

The hormonal variations of the menstrual cycle are 
better understood than the molecular events occurring 
within the follicle. Late in the cycle, GnRH is released 
in a pattern of moderate pulses occurring regularly at 90-
to 120-minute intervals.8 Together with the declining 
levels of sex steroids, GnRH induces an increase in 
serum FSH that, in turn, is involved in the selection of 
the dominant follicle and is responsible for its continu-
ing maturation.4 Following FSH induction of aromatase 
in granulosa cells, the dominant follicle progressively in-
creases estradiol output, initially inhibiting FSH levels 
with negative feedback and later causing a surge of LH 
and FSH with positive feedback.26 Small amounts of pro-
gesterone appear to be secreted just prior to ovulation 
and augment the estradiol-induced increase in LH and 
FSH.27 The inhibition of FSH in the middle and late 
follicular phases of the cycle inhibits growth of nondom-
inant follicles that may be developing. The LH surge 
leads directly to ovulation and luteinization of the re-
maining granulosa cells. The luteinized granulosa cells 
manufacture progesterone and are also responsible for 
the secondary rise in estradiol in the luteal phase of the 
cycle. If there is no pregnancy, luteolysis occurs with 
decreasing sex hormone levels, leading to endometrial 
shedding. At the same time, the dominant follicle for 
the next cycle is being selected by the late-cycle FSH in-
crement. The gonadotropin levels fluctuate in response 
to changes in the amplitude and frequency of GnRH 
pulses modulated by circulating sex steroid levels.8 

The stimulus to initiate a menstrual cycle is the pat-
tern of GnRH pulses seen in the late luteal phase and in 
the early follicular phase of the cycle.8 Since GnRH can-
not be measured, the pulsatile release of LH is used as a 
bioassay. A longer half-life makes it more difficult to de-
tect pulsatile change in FSH except in postmenopausal 
women where FSH pulses are apparent.28 

Marshall et al8 suggested that the pattern of moderate 
GnRH pulses with a periodicity of 90 minutes is re-
sponsible for the increase in FSH that produces matura-
tion of the dominant follicle. Although the LH levels 
fluctuate in response to GnRH, there is little cyclic 
change in mean LH levels. As estrogen levels increase in 
the follicular phase of the cycle, the GnRH pulsatile re-
lease decreases so that frequent, small LH oscillations 
are seen.8,29 FSH levels fall. However, the dominant fol-
licle maintains its ability to secrete estrogens, and circu-
lating estrogen levels continue to increase. It is only in 
the late follicular phase of the cycle, when the pulses of 
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GnRH increase in amplitude and the pituitary is sensi-
tized by high levels of estrogen, that positive feedback 
occurs with the LH surge following peak estradiol levels. 
Pulses that are irregular in size and frequency occur 
throughout the luteal phase of the cycle, suppressing the 
gonadotropins until, with the falling levels of sex 
steroids, the pattern of moderate, regular pulses is re-
sumed and the FSH levels begin to increase. This stimu-
lates a new cohort of follicles to develop for the selec-
tion of the new dominant follicle.8,29,30 

Neurotransmitter involvement at the hypothalamic 
level has been demonstrated in the human. It is clear 
that dopamine and endogenous opiates act as variable 
inhibitors throughout the menstrual cycle.31,32 

Norepinephrine probably functions as a stimulatory 
neurotransmitter, although this is unclear from the 
human evidence.33 Many other substances such as thy-
mosin, insulin, and a range of neuropeptides influence 
the release of GnRH, but their significance remains un-
clear.34 

The menstrual cycle is considered normal if the time 
from the beginning of one cycle to the beginning of the 
next is between 21 and 35 days. Alteration of this pat-
tern can occur with a disorder situated entirely within 
the hypothalamic-pituitary-ovarian-endometrial axis 
(either structural or functional) or may reflect a systemic 
disorder. 

In general, regular menstrual cycles have been re-
garded as a sign of health, and the loss of a regular cycle 
has been looked upon as a symptom of disease. The 
possibility that life-threatening disorders can present 
with abnormalities of menstruation makes an under-
standing of the normal menstrual cycle and its abnor-
malities essential.35 

MENSTRUAL-CYCLE CHANGES IN WOMEN IN THE LATE 
REPRODUCTIVE AGE 

The regulation of the hypothalamic-pituitary-
gonadal axis changes during the years immediately prior 
to menopause.36 Intermenstrual intervals and duration 
and quantity of menstrual flow become increasingly 
variable.37 An increased ovarian resistance to 
gonadotropins presumably results from a reduced num-
ber of oocytes, since gonadotropin binding does not 
seem to be reduced in the ovaries of women in the im-
mediate premenopausal years.38 An alteration in ovarian 
sensitivity can be observed as early as 6 to 8 years before 
cessation of the menstrual cycles, as there is a striking 
increase in FSH levels throughout the cycle while LH 
usually remains in the normal range.39 Serum estradiol 
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and progesterone indicate the cyclic fluctuations neces-
sary for normal hypothalamic-pituitary interaction, but 
there is some dispute as to when levels of the individual 
sex steroid hormones begin to decline.39,40 The only 
characteristic marker for imminent menopause is the 
elevation of serum FSH levels, which may occur several 
years before menopause. The patterns of abnormal 
bleeding that occur during the premenopausal period 
doubtless reflect the reductions in sex steroid levels and 
anovulatory cycles common at this time.5 

GONADOTROPINS IN POSTMENOPAUSAL WOMEN 

The change in reproductive hormones in the peri-
menopausal period is gradual so that the diagnosis of 
menopause—the final period—is a retrospective one 
that of necessity is at least 12 months after the actual 
event. Following the final menstrual period, the serum 
levels of both FSH and LH are elevated.41 Following 
menopause, the serum FSH levels are much higher than 
those of LH. The FSH/LH ratio rarely exceeds unity 
during reproductive age, but it is much increased in post-
menopausal women. Roughly equivalent amounts of 
each hormone are produced by postmenopausal women. 
The high serum FSH levels result from a longer half-life 
and decreased metabolic clearance.42,43 An increase in 
gonadotropins is apparent within 96 hours of castration, 
although it may take several weeks for the hormones to 
reach final menopausal values.44,45 Replacement of 
gonadal steroids significantly reduces gonadotropin 
levels but not to levels normally found in women in the 
reproductive age group.46 This has generally been ex-
plained by the production of inhibin-like substances by 
the ovary but may alternatively reflect a final, further 
decrease in the sensitivity of the hypothalamic-pituitary 
unit to circulating steroids, analogous to that which oc-
curs at puberty. The increased serum gonadotropin 
levels persist throughout the postmenopausal years, but 
there is debate as to whether there is the same intensity 
of elevation.47 The levels may decline with time to 
values 40% to 50% of those seen in the immediate post-
menopausal period, although other studies have de-
scribed relatively consistent levels persisting until even 
100 years of age.4M9 

Since the interactive relationship of the hy-
pothalamus and pituitary with the ovary has ended, 
there is no menstrual variation in the gonadotropin 
levels and no circadian variation.28 Pulsatile patterns are 
maintained and even exaggerated with increased 
frequency and amplitude. The pulse frequency of 10 to 
20 minutes compares to 90 to 100 minutes in the early 
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follicular phase of the menstrual cycle. The opiate mod-
ulation of the frequency of pulsatile activity during re-
productive life disappears after the menopausal transi-
tion, perhaps because of decreased circulating sex steroid 
levels.50 In the short term, minute-to-minute oscillations 
of LH and FSH, unrelated to each other, and a syn-
chronous "sine-wave" activity with a periodicity of 120 
min, have also been described, but the physiological sig-
nificance remains unclear.51 The increased pulse 
frequency and amplitude presumably result from in-
creased GnRH production. Reports of increased GnRH 
in blood and urine are difficult to evaluate.52,53 Adminis-
tration of GnRH results in both LH and FSH level in-
creases.54 The LH response to GnRH is greater than that 
of FSH, a finding similar to that reported in reproductive 
age women.54 Although the gonadotropin increment in 
response to GnRH is greater in absolute terms in post-
menopausal than in reproductive-age women, there is 
no difference when the increase is expressed in relative 
terms as percent change over baseline values. Estrogen 
administration reduces the gonadotropin response to 
GnRH, as may be anticipated from the effect on basal 
levels.55 In appropriate circumstances, both estrogens 
and progestins are capable of inducing a gonadotropin 
increment similar but not identical to the midcycle 
surge. LH pulses are synchronous with objectively 
measured hot flashes, a finding that suggests a common 
hypothalamic mechanism for both.56,57 

In summary, the levels of LH and FSH are elevated in 
postmenopausal women. Manipulation of the hy-
pothalamic-pituitary unit suggests that the system is 
physiologically normal although all the changes may not 
be due solely to the decrease in circulating sex steroids. 

SEX STEROID LEVELS IN POSTMENOPAUSAL WOMEN 

In postmenopause, the quantity and type of estrogens 
produce change. Cytological studies indicate that 90% 
of postmenopausal women are hypoestrogenic while 8% 
to 10% still retain an estrogenic smear.58 Total urinary 
estrogens are reduced but remain relatively constant for 
about 10 years after menopause.59 After this time, there 
is a progressive reduction to relatively low levels in ad-
vanced age. 

Prior to menopause, the major circulating estrogen is 
estradiol, which is produced substantially by the 
developing follicle and reaches very high levels during 
the pre-ovulatory surge. Following menopause, the pre-
dominant estrogen is estrone, present in quantities twice 
that of estradiol.60 This reflects the production rates of 
40 (Ig per day for estrone (produced mainly by peripheral 
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conversion of androstenedione) and 6 |lg per day for 
estradiol (produced substantially by peripheral conver-
sion of testosterone).61 Comparable production rates 
during the reproductive age are 80 |0.g to 500 (J.g per day 
for estradiol and 80 jig to 300 |ig per day for estrone. The 
binding of estradiol to sex-hormone-binding globulin re-
duces clearance and maintains the circulating level at 
slightly higher values than would be anticipated from 
the production rates.62 

The ovary retains the capacity to manufacture both 
androgenic and estrogenic steroids into the post-
menopausal period. The ovarian contribution to the 
androgen pool is substantial, but the direct contribution 
to the estrogen pool is relatively insignificant.63"65 Most 
circulating estrogen is formed from androgen precur-
sors.66 It is interesting that conversion rates of an-
drostenedione to estrone seem to vary inversely with 

REFERENCES 

1. Lee P. Ovarian function from conception to puberty: physiology and 
disorders. [In] Serra GB, ed. The Ovary. New York, Raven Press, 1983, 
pp 177-189. 

2. Fritz MA, SperoffL. The endocrinology of the menstrual cycle: the in-
teraction of folliculogenesis and neuroendocrine mechanisms. Fertil 
Steril 1982; 38:509-529. 

3. Erickson GF. Normal ovarian function. Clin Obstet Gynecol 1978; 
21:31-51. 

4- Hodgen GD. The dominant ovarian follicle. Fertil Steril 1982; 
38:281-300. 

5. Scott JZ, Cumming DC. The menopause. Curr Probl Obstet Gynecol 
1985; 8:1-58. 

6. Block E. A quantitative morphological investigation of the follicular 
system in newborn female infants. Acta Anat 1953; 17:201-206. 

7. Forest MG, De Peretti E, Bertrand J. Hypothalamic-pituitary-gonadal 
relationships in man from birth to puberty. Clin Endocrinol 1976; 
5:551-569. 

8. Marshall JC, Kelch RP, Sauder SE, Barkan A, Reame NE, Khoury S. 
Pulsatile gonadotropin releasing hormone (GnRH): studies of puberty 
and the menstrual cycle. [In] Labrie F, Proulx L, eds. Endocrinology. 
New York, Elsevier, 1984, pp 25-32. 

9. Lucky AW, Rich BH, Rosenfield RC, Fang VS, Roche-Bender N. LH 
bioactivity increases more than immunoactivity during puberty. J 
Pediatr 1980; 97:205-209. 

10. Grumbach MM, Roth JC, Kaplan SL, Kelch RP. Hypothalamic-
pituitary regulation of puberty in man: evidence and concepts derived 
from clinical research. [In] Grumbach MM, Grave GD, Mayer FE, eds. 
Control of the Onset of Puberty. New York, John Wiley & Sons, 1974, 
pp 115-166. 

11. Boyar RM, Finkelstein J, Roffwarg G, Kapen S, Weitzman E, Hellman 
L. Synchronization of augmented luteinizing hormone secretion with 
sleep during puberty. N Engl J Med 1972; 287:582-586. 

12. Reiter EO, Kulin HE, Hamwood SM. The absence of positive feedback 
between estrogen and luteinizing hormone in sexually immature girls. 
Pediatr Res 1974; 8:740-745. 

13. Winter JSD, Faiman C. The development of cyclic pituitary-gonadal 
function in adolescent females. J Clin Endocrinol Metab 1973; 37 :714-
718. 

14. Kirkwood RN, Cumming DC, Aherne FX. Nutrition and puberty in 
the female. Proc Nutr Soc 1987; 46:177-192. 

15. Winter JSD, Faiman G, Reyes Fl. Normal and abnormal pubertal 
development. Clin Obstet Gynecol 1978; 21:67-86. 

serum androstenedione levels.66,67 In vitro studies of the 
ovary suggest also that the stroma in the post-
menopausal ovary can elaborate androgens, androstene-
dione, and testosterone, as well as dehydroepian-
drosterone, but fails to aromatize the androgens to 
estrogens.68 Evidence has also suggested that the cortex 
and medulla predominantly manufacture androstene-
dione and testosterone, respectively.69-72 

Several clinical problems commonly occur in peri-
menopausal and postmenopausal women due in major 
part to declining levels of sex steroids. Other factors 
such as age, intercurrent illness, psychological adjust-
ment, social status, and possibly nutritional status are 
also important. The expected lifespan of the average 
woman now reaching menopause in North America is 
86 years, so the problems of postmenopausal women will 
assume greater importance in time to come. 

16. Tanner JM. Growth at Adolescence. 2nd ed. Philadelphia, Blackwell 
Scientific, 1962. 

17. Brown PE. The age at menarche. Br J Prev Soc Med 1966; 20:9-14. 
18. Frisch RE. Body fat, menarche and reproductive ability. Sem Reprod 

Endocrinol 1985; 3:45-54. 
19. Cumming DC. The reproductive effects of exertion. Curr Probl Obstet 

Gynecol Infertil 1987; 10:231-285. 
20. Cutler GB Jr, Glenn M, Bush M, Hodgen GD, Graham CE, Loriaux DL. 

Adrenarche: a survey of rodents, domestic animals, and primates. En-
docrinology 1978; 103:2112-2118. 

21. Parker LN, Odell WD. Control of adrenal androgen secretion. Endocr 
Rev 1980; 1:392-410. 

22. Yoshimura Y, Wallach EE. Studies on the mechanism(s) of mam-
malian ovulation. Fertil Steril 1987; 47:22-34. 

23. Nicosia SV. Morphological changes of the human ovary throughout 
life. [In] The Ovary. New York, Raven Press, 1983, pp 57-81. 

24. Knobil E. The neuroendocrine control of the menstrual cycle. Rec 
Prog Horm Res 1980; 30:1-46. 

25. Auletta FJ, Hint AP. Medhanisms controlling corpus luteum function 
in sheep, cows, nonhuman primates, and women especially in relation 
to the time of luteolysis. Endocr Rev 1988; 9:88-104. 

26. Hillier SG, Reichert LE Jr, Van Hall EV. Control of preovulatory fol-
licular estrogen biosynthesis in the human ovary. J Clin Endocrinol 
Metab 1981; 52:847-856. 

27. Hoff JD, Quigley ME, Yen SSC. Hormonal dynamics at midcycle: a 
réévaluation. J Clin Endocrinol Metab 1983; 57:792-802. 

28. Yen SSC, Tsai CC, Naftolin F, Vandenberg G, Ajabor L. Pulsatile pat-
terns of gonadotropin release in subjects with and without ovarian func-
tion. J Clin Endocrinol Metab 1972; 34:671-675. 

29. Filicori M, Santoro N, Merriam GR, Crowley WF Jr. Characterization 
of the physiological pattern of episodic gonadotropin secretion 
throughout the human menstrual cycle. J Clin Endocrinol Metab 1986; 
62:1136-1144. 

30. Veldhuis JD, Christiansen E, Evans WS, Kolp LA, Rogol AD, Johnson 
ML. Physiological profiles of the episodic progesterone release during 
the midluteal phase of the human menstrual cycle: an analysis of cir-
cadian and ultradian rhythms, discreet pulse properties, and correla-
tions with simultaneous luteinizing hormone release. J Clin Endocrinol 
Metab 1988; 66:414-421. 

31. Ropert JF, Quigley ME, Yen SSG. Endogenous opiates modulate pul-
satile luteinizing hormone release in humans. J Clin Endocrinol Metab 
1981; 52:583-585. 

32. Quigley ME, Yen SSC. The role of endogenous opiates on LH secre-
tion during the menstrual cycle. J Clin Endocrinol Metab 1980; 

174 CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 57 NUMBER 2 

 on April 25, 2024. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


MENARCHE, MENSTRUAL CYCLE, MENOPAUSE • CUMMING 

52:179-181. 
33. Edwards RG. The central nervous system and the regulation of 

reproduction: the monoaminergic transmitters and the reproductive 
system. [In] Edwards RG, ed. Conception in the Human Female. San 
Diego, Academic Press, 1980, pp 150-156. 

34. SperoffL, Glass RH, KaseNG. Neuroendocrinology. [In] Speroff L, ed. 
Clinical Gynecologica Endocrinology and Infertility. 4th ed. Baltimore, 
Williams & Wilkins, 1989, pp 51-89. 

35. Cumming DC. Alterations of the menstrual cycle. Med N Am 1987; 
14:2648-2672. 

36. Sherman BM, West JH, Korenman SG. The menopausal transition: 
analysis of LH, FSH, estradiol and progesterone concentrations during 
the menstrual cycles of older women. J Clin Endocrinol Metab 
1976;42:629-636. 

37. Reyes FI, Winter JSD, Faiman C. Pituitary-ovarian relationships 
preceding the menopause. I. A cross-section study of serum follicle-
stimulating hormone, luteinizing hormone, prolactin, estradiol, and 
progesterone levels. Am J Obstet Gynecol 1977; 129:551-564. 

38. Meldrum DR. Perimenopausal menstrual problems. Clin Obstet 
Gynecol 1983; 26:762-768. 

39. Metcalf MG, Donald RA, Livesey JH. Pituitary-ovarian function 
before, during and after the menopause: a longitudinal study. Clin En-
docrinol 1982; 17:489-494-

40. van Look PF, Lothian H, Hunter WM, Michie EA, Baird DT. 
Hypothalamic-pituitary-ovarian function in perimenopausal women. 
Clin Endocrinol 1977; 7:13-31. 

41. Yen SSC. The biology of menopause. J Reprod Med 1977; 18:287-
296. 

42. Kohler PO, Ross GT, Odell WD. Metabolic clearance and production 
rates of human luteinizing hormone in pre- and post-menopausal 
women. J Clin Invest 1968; 47:38-47. 

43. Coble YD Jr, Kohler PO, Cargille CM, Ross GT. Production rates and 
metabolic clearance rates of human follicle-stimulating hormone in 
premenopausal and postmenopausal women. J Clin Invest 1969; 
48:359-363. 

44. Yen SSC, Tsai CC. The effect of ovariectomy on gonadotropin release. 
J Clin Invest 1971;50:1149-1153. 

45. Monroe SE, Jaffe RB, Midgely AR Jr. Regulation of human 
gonadotropins. XIII. Changes in serum gonadotropins in menstruating 
women in response to oophorectomy. J Clin Endocrinol Metab 1972; 
34:420-422. 

46. Simon JA, diZerega GS. Physiologic estradiol replacement following 
oophorectomy: failure to maintain precastration gonadotropin levels. 
Obstet Gynecol 1982; 59:511-513. 

47. Wide L, Nillius SJ, Gemzell C, Roos P. Radioimmunoabsorbent assay 
of follicle-stimulating hormone and luteinizing hormone in serum and 
urine from men and women. Acta Endocrinol 1973; suppl 174:41-54. 

48. Chakravarti S, Collins WP, Forecast JD, Newton JR, Oram DH, Studd 
JWW. Hormonal profiles after the menopause. Br Med J 1976; 2:673-
679. 

49. Scaglia H, Medina M, Pinto-Ferreira AL, Vázques G, Gual C, Pérez-
Palacios G. Pituitary LH and FSH secretion and responsiveness in 
women of old age. Acta Endocrinol 1976; 81:673-679. 

50. Reid RL, Quigley ME, Yen SSC. The disappearance of opioidergic 
regulation of gonadotropin secretion in postmenopausal women. J Clin 
Endocrinol Metab 1983; 57:1107-1110. 

51. Medina M, Scaglia HE, Vázquez G, Alatorre S, Pérez-Palacios G. 
Rapid oscillation in circulating gonadotropins in post-menopausal 
women. J Clin Endocrinol Metab 1972; 43:1015-1019. 

52. Seyler LE Jr, Reichlin S. Luteinizing hormone-releasing factor (LRF) 
in plasma of postmenopausal women. J Clin Endocrinol Metab 1973; 
37:197-203. 

53. Boutguignon J-P, Hoyoux C, Reuter A, Franchimont P, Leinartz-Dour-

cy C, Vrindts-Gevaert Y. Urinary excretion of immunoreactive 
luteinizing hormone-releasing hotmone-like material and 
gonadotropins at different stages of life. J Clin Endocrinol Metab 1979; 
48:78-84. 

54. Yen SSG, Lasley BL, Wang CF, Leblanc H, Siler TM. The operating 
characteristics of the hypothalamic-pituitary system during the 
menstrual cycle and observations of the biological action of somatos-
tatin. Rec Prog Horm Res 1975; 31:321-363. 

55. Mills TM, Mahesh VB. Gonadotropin secretion in the menopause. 
Clin Obstet Gynecol 1977; 4:71-84. 

56. Casper RF, Yen SSG, Wilkes MM. Menopausal flushes: a neuroen-
docrine link with pulsatile luteinizing hormone secretion. Science 
1979; 205:823-825. 

5 7. Tataryn IV, Meldrum DR, Lu KH, Frumar AM, Judd HL. LH, FSH and 
skin temperature during the menopausal hot flush. J Clin Endocrinol 
Metab 1979; 49:152-154. 

58. De Waard F, Pot H, Tonckens-Nanniga NE, Baanders-van Halewin EA, 
Thijssen JHH. Longitudinal studies on the phenomenon of 
postmenopausal estrogen. ActaCytol 1972; 16:273-278. 

59. Grattarola R, Secreto G, Recchione C. Correlation between urinary 
testosterone or estrogen excretion levels and interstitial cell-stimulating 
hormone concentrations in normal postmenopausal women. Am J 
Obstet Gynecol 1975; 121:380-381. 

60. Baird DT, Guevara A. Concentration of unconjugated estrone and 
estradiol in peripheral plasma in non-pregnant women throughout the 
menstrual cycle, castrate and postmenopausal women and men. J Clin 
Endocrinol Metab 1969; 29:149-156. 

61. Longcope G. Metabolic clearance rates and blood production rates of 
estrogens in postmenopausal women. Am J Obstet Gynecol 1971; 
111:778-781. 

62. Erlik Y, Meldrum DR, Judd HL. Estrogen levels in postmenopausal 
women with hot flashes. Obstet Gynecol 1982; 59:403-407. 

63. Judd HL, Lucas WE, Yen SSC. Serum 17a-estradiol and estrone levels 
in postmenopausal women with and without endometrial cancer. J Clin 
Endocrinol Metab 1976; 43:272-278. 

64. Judd HL, Lucas WE, Yen SSC. Effect of oophorectomy on circulating 
testosterone and androstenedione levels in patients with endometrial 
cancer. Am J Obstet Gynecol 1974; 118:793-798. 

65. Judd HL, Judd GE, Lucas WE, Yen SSC. Endocrine function of the 
postmenopausal ovary: concentration of androgens and estrogens in 
ovarian and peripheral blood. J Clin Endocrinol Metab 1974; 39:1020-
1024. 

66. MacDonald PC, Rombaut RP, Siiteri PK. Plasma precursors of 
estrogen. I. Extent of conversion of plasma delta-4-androstenedione to 
estrone in normal males and nonpregnant, castrate and adrenalec-
tomized females. J Clin Endocrinol Metab 1967; 27:1103-1 111. 

67. Poortman J, Thijssen JHH, SchwarzF. Androgen production and con-
version to estrogens in normal postmenopausal women and in selected 
breast cancer patients. J Clin Endocrinol Metab 1974; 37:101-109. 

68. Mattingly RF, Huang WY. Steroidogenesis in the menopausal and 
postmenopausal ovary. Am J Obstet Gynecol 1969; 103:679-690. 

69. Simmer H, Voss HE. [Androgens in the human ovary.] Klin Wschr 
1960; 38:819-822. 

70. Hammerstein J, Rice BF, Savard K. Steroid hormone formation in the 
human ovary. I. Identification of steroids formed in vitro from acetate-
1-14C in the corpus luteum. J Clin Endocrinol Metab 1964; 24 :597-
605. 

71. Smith OW, Ryan KJ. Biogenesis of estrogens by the human ovary: for-
mation of neutral steroid intermediates from progesterone 4-C-14, 
androstenedione-4-C14 and cholesterol-14-C. Endocrinol 1961; 
69:970-983. 

72. Noall MW, Alexander F, Allen WN. Dehydroisoandrosterone syn-
thesis by the human ovary. Biochim Biophys Acta 1962; 59:520-521. 

MARCH- APRIL 1990 CLEVELAND CLINIC JOURNAL OF MEDICINE 175 

 on April 25, 2024. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/

