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Premenopause: The endocrinology of reproductive decline

Menelaos L. Batrinos

Professor Emeritus of Endocrinology, Athens University Medical School, Athens, Greece

The ovaries follow a different course of aging from
the other endocrine glands and organs. Instead of an
inevitable progressive deterioration with advancing
age, like all other structures and functions of the
organism, including the male gonad, the testis, in the
late thirties the ovaries undergo an abrupt diminu-
tion of their functional units, the follicles, that leads
to their extinction 10 to 14 years later marking the
end of ovarian reproductive and endocrine function.
It has been estimated by mathematical models that
the ovaries would be functioning until the age of 71
years if this rapid exhaustion of the follicles did not
occur.! The phenomenon of this major biological
change, dividing the life of women into a pre- and
postmenopausal period, is universal among all hu-
man females.

The period after the complete cessation of men-
struation, characterized as menopause and which
represents almost 1/3 of a woman’s lifetime and
therefore a large part of the human female popula-
tion, has been the subject of intense and continuous
medico-social interest, therapeutic trials and research
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since the second half of the last century. National and
international societies, journals and congresses and
specialized scientists have zealously devoted their
activities to the study of menopause. In contrast, the
endocrine and other functional aspects and problems
during the years before the total cessation of menses
have long been ignored and have only gained grow-
ing attention during the last few decades (Figure 1).

While interest in the perimenopausal transition
was steadily gaining momentum, this term was often
used by authors with variable chronological definition
of its borders, necessitating in 1996 a consensus by a
WHO scientific group,® which delineated its limits as
“the period immediately before the menopause”. This
definition proposed by the WHO scientific authorities
was accepted for some years but it soon became obvi-
ous that it did not serve a practical purpose among
researchers or for the epidemiological studies.
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Figure 1. Number of publications per year (total number of the
decade divided by 10) obtained by entering in the PubMed the
key-word premenopause.
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The definition of the time when premenopause
commences has been problematic. The vague term
“immediately before menopause” being unsatisfac-
tory, several other limits were proposed. From a
clinical point of view, menstrual irregularities are
the first sign of underlying ovarian dysfunction. The
abnormal menses, however, occur with considerable
individual chronological variability that degrades their
importance as a signal of premenopause initiation.
Much earlier than the clinical manifestations and more
consistent are the anatomical changes of the ovaries
and the endocrinological alterations concerning the
hypothalamo-pituitary-ovarian axis that are respon-
sible for the clinical effects. This was recognized in
2001 by the experts of the Stages of Reproductive
Aging Workshop (STRAW) of the World Health
Organization who, still using the term menopausal
transition, defined premenopause as the time of an
increase of FSH and increased variability in menstrual
length.? The experts of the workshop determined that
the premenopause period can be divided into 5 age
stages: 3 reproductive, that is with ovulatory cycles
(early, middle and late), and 2 premenopausal (early
and late). The STRAW aging criteria were strongly
criticized the following year in a letter to the editor
with a severe title characterization “not less, but more
confusion” and the problems of staging reproduc-
tive aging remained unresolved.* Nevertheless, the
STRAW aging criteria have continued to be used
despite their obvious weakness of uncertain limits
and overlapping between the stages of age. Later,
the report of the NIH State-of-the-Science Panel
held at the NIH in 2005 clarified, within parenthe-
ses, that the period immediate prior to menopause
is when the “biological” and clinical features of ap-
proaching menopause begin,” and recently (June
2012) the results of a Herculean effort by 10 experts
and 47 collaborators from 5 countries and multiple
disciplines to address the problem of staging the
reproductive aging were published.® The committee
adopted, by consensus modifications of STRAW called
STRAW +10 concerning the late reproductive stage,
the late transition and early postmenopause stages
of STRAW with the hope that the comparability of
studies will improve.

The biological features of premenopause are
the alterations of the hormonal circuit that regulate

the endocrine and reproductive functions of the
ovarian follicles. The endocrine changes arise from
the genetically programmed short duration of the
human female genital organ lifetime. The anatomic
changes of the ovaries during the course of premeno-
pause are difficult to assess in vivo. In contrast, the
ensuing hormonal characteristics at any stage of the
premenopausal period are easily detectable and
absolutely measurable, furnishing useful informa-
tion about the process of ovarian follicular aging.
Moreover, the reproductive status, which presents
considerable variability among women, is more ac-
curately ascertained by the hormonal profile than
the chronological age. With the tendency in modern
societies of postponing child-bearing, a much larger
number of women than in the past, who still desire to
procreate, will enter the premenopausal period with
its problems as to fertility, conception and delivery.
This explains the revived and intense medico-social
interest in premenopause and the abundance of
clinical investigations: these have been summarized
in an excellent review by Prior in 19987 but have since
necessitated comprehensive periodic reviewing of the
data in 2002,* 2005,” 2008' and 2009."

The purpose of the present discussion is to focus
on the complex, irregular and unpredictable endo-
crine events and the anomalous hormone secretion
provoked by the anatomic changes of the ovaries in
the period of reproductive decline at premenopause.

ANATOMIC CHANGES OF THE OVARIES IN
PREMENOPAUSE

A limited number of histological studies of the
ovaries from women who underwent ovariectomy
and hysterectomy for various reasons at the ages of
premenopause have all documented an accelerated
rate of follicle depletion beginning in the late thirties
or early forties. Block et al reported quantitative data
on the evolution of ovarian follicle with aging.'? In
5 pubertal cases (12-16 years) the average number
of primary follicles was 382,000, in 8 women aged
32-38 years it was diminished to 74,000 and then in
the early forties (40-44 years) the primary follicles
had plummeted to 8,300 (7 cases). Several sections
of one ovary in 17 women aged 45-55 yrs showed
significant changes in the number of follicles between
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the women with normal cycles (n=6, 1,392+72) and
those with irregular cycles" (n=7, 142+72). Follicles
were virtually absent in the ovary of 4 postmenopausal
woman. A steep depletion of the follicles at the same
age period was noticed by Gougeon et al'* in a series
of 43 pairs of ovaries obtained from women undergo-
ing surgery for various gynecological disorders. In 10
cases aged 25-39 years, the number of small follicles
in each ovary ranged from 12,900 to 50,000 (mean
28,700), as compared with 14 cases aged 40-45 years
in whom they had dropped precipitously to 390-9,150
(mean 3,537). In the same age group, two cases aged
40 and 45 years retained a relatively high number of
small follicles, i.e. 12,000-22,000. In 18 cases aged 46-
50 years with ovulatory cycles of normal length, the
number of small follicles ranged from 230 to 6,250,
mean 2,309 (data displayed in Table 1). Evaluating
only a small number of ovarian sections, Westhoff et
al® also showed a decrease of ovarian follicles from

Table 1. Anatomical changes of the aging ovaries in the premenopause

31.4+22.8 in 4 cases 25-34 years old to 10+14.5 in
20 women 35-44 years old and 2.3+3.2 in 65 women
45-54 years old. There was near absence of follicles in
postmenopausal women. It is to be noted, however,
that primordial follicles have been demonstrated in
women aged up to 57 years and the verified oldest
age of spontaneous pregnancy is 57 years.

In recent years, the sonographic assessment of
the number of visible (>2mm) antral follicles was
used to compensate for the lack of new histological
studies of the number of ovarian follicles in old age
and the need to know the degree of ovarian aging
and its reproductive reserve in order to estimate an
individual’s fertility. Reuss et al'® in 1996 were the
first to estimate the antral follicle count (AFC) in
the follicular and luteal phases in 31 volunteers be-
longing to 3 age groups 22 to 25, 30 to 33 and 39 to
42 years, demonstrating a decrease of AFC by about
60% between 22 and 42 years. The authors pointed

Authors Subjects Method Age (yrs) Number of follicles
Block'? 1952 5 12-16 382.000 (average)
8 32-38 74.000
7 40-44 8.300
Richardson et al'® 1987 6 Several sections of one ovary 45-55 1392+72
Normal cycles
7 Irregular cycles 14272
4 Post menopause Virtually absent
Gougeon et al'* 1994 10 Each ovary 25-39 28.700 (range 12900-50000)
14 40-44 3537 (390-9250)
18 46-50 2309 (230-6250)
Ovulatory
Westhoff et al'> 2000 3 Only small number 25-34 31,4+22.8
of ovarian section
20 35-44 10+14,5
65 45-52 23%32
Reuss et al'® 1996 31 Sonographic assessment 22-42 Decrease of 60% between 22
of follicles 2-5 mm (AFC) and 42 years
Hansen et al'? 2008 31 Stereology 19-34 219938+205914
22 Sonographic 36-40 28298 +24140
16 Technique 41-45 1066115040
15 46-50 2898+3917
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out the correspondence of their data with those of
Block’s histological cases and suggested that AFC
rates indicate reproductive age more accurately than
does chronological age. Using a modern stereology
technique to determine the ovarian follicles in 122
women aged from immediately after birth to the 51%
year of age, Hansen et al'” arrived at the conclusion
that their method predicts no sudden decay rate
but rather a constantly accelerating rate, unlike the
previous reported steep ovarian follicle depletion
by the abovementioned publications. However, the
ovaries of the 31 cases (numbers 19-49 of Table 1)
aged 19-34 years and presenting a huge range in the
number of follicles (9,405 to 804,036), this explaining
the high standard deviations, contained a mean of
219,928 205,914 follicles, whereas the immediately
next age group of 22 women aged 36-40 years (n=50 to
71 of Table 1) presented an almost tenfold reduction
of the mean number of the follicles 28,298 +24,140
(range 346 to 90,554). The depletion of the follicles
in the following two age groups of 41-45 years (n=36)
and 46-51 (n=15) was gradual, with the mean number
of follicles being 10,661+15,047 and 2,898+3,917,
respectively (Table 1).

THE CLINICALSYMPTOMS OF PREMENOPAUSE

There are several clinical manifestations that sig-
nal the onset of the premenopausal period arousing
the awareness of both woman and physician that the
course to the termination of the reproductive period
has begun.

The irregularities of the menstrual cycle are the
most obvious and are directly related to ovarian
mulfunction.

Dysfunctional uterine bleeding, sometimes taking
the form of serious hemorrhage, is another common
symptom of premenopause that may occur with regular
menses but is more frequently associated clinically
and pathophysiologically with oligomenorrhea.

Subfertility manifested by delay or lack of concep-
tion due to infrequent ovulation or insufficient luteal
phase in cycles of regular length are also indirect
markers of ovarian insufficiency.

The high frequency of abortions and malforma-
tions observed with increasing incidence in the fifth

decade of a woman’s life are also indicative of the
deterioration of the genital system, including the
genetic quality of the ovum.

Vasomotor symptoms, hot flushes and sweats
during normal cycles are an early but inconsistent
symptom of the premenopause.

a. Irregularities of the menstrual cycle

Abnormal menstrual cycle lengths comprise the
most common clinical symptom that signals to the
woman the changing status of ovarian function. They
are also the marker of premenopause onset for the ma-
jority of investigators because of their easy detection
and reference. Two classical prospective observations
have demonstrated the natural course of menstrual
cycle intervals. Treloar studied the characteristics
of the menstrual cycle of a large cohort of women
prospectively and persuaded a group of their college
mates to record the onset of menstruation from their
twenties until their menopause.'®!? This outstanding
longitudinal study offers a comprehensive overview of
menstrual cycle length evolution. Four to five years
after menarche, longer cycles are frequent followed
by more regular cycles of 25 to 28 days in the years
25-35 of age. In the 40s, seven to three years (mean
4.5 years) before menopause the length of cycles in-
creases again. Chiazze et al, studying 30,655 cycles of
23,116 women, reported similar results.”’ The lesser
differences in cycle length are noted in women at the
ages of 25-35 years, whereas at the ages of 40-44 a
slight lengthening of the cycles begins. The length of
follicular phase measured from the onset of menstrua-
tion up to but not including the day of LH peak was
studied in 293 women.?! The mean length was 12.9
days and a significant decrease was found in women
aged 40-44 years (10.4 days) compared with women
aged 18-24 years (14.2 days). One theory regarding
the shorter follicular phase in the early forties sug-
gested that the increase of FSH secretion starting at
this age period may stimulate a more rapid follicular
development.

Data of a 5-year longitudinal study of 1,550 women
aged 45-53 years from the Massachusetts Women’s
Health Study who responded to mail questionnaires
and telephone interviews demonstrated that increased
menstrual irregularity was one of the two factors that
best defined the inception of premenopause, the sec-
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ond being 3-11 months of amenorrhea.?? The mean
age at inception of premenopause based on the same
criteria was found to be 48 years in a cohort of 1,166
British women replying to annual questionnaires.”
Those with the most children entered the premeno-
pause at a later age. The use of contraceptives did
not affect the time of onset of premenopause. The
onset of premenopause was defined when a woman
reported that her menstrual cycle length had become
more irregular in the preceding 12 months or if periods
had stopped for between 3 and 12 months.

The results of a study of 628 women who filled
out a questionnaire and recorded prospectively a
menstrual calendar every two years did not cor-
roborate the assumption that women with a late age
at menopause have a longer premenopause period
with irregular cycles than women with an earlier age
at menopause.?

The pattern of menstrual cycle length was inves-
tigated in an epidemiological study of 3,743 Danish
women aged 15-49 years.” The normal cycle length
(5™ -95™ percentile) increased from 23-33 days in
the 15-39 age group to 33-30 days in the 40-44 years
group. At least one cycle length of less than 21 days
was experienced by 18% and one cycle of more than
35 days by 29.5% of the women. Menstrual cycle
variation was reported in 29.3% of all women.

A classification of the ovulatory cycles proposed
in 2008 by Robertson et al* seems to be rational
and practical for the study of the endocrine and
reproductive decline of the ovaries. Three patterns
of ovulatory cycles were distinguished in 56 women
45 to 55 years old. Fourteen (33%) had hormonal
concentrations similar to 21 women aged 21-35 years
except for 20-fold lower AMH levels; 24 women
(53%) had increased FSH, decreased inhibin-B but
normal E, and PG levels; and 5 women (12%) had
the same hormonal characteristics as the 24 women
but lower luteal phase progesterone and increased
LH. The pattern of anomalous and unpredictable
endocrine and reproductive function in the pre-
menopause characterized by oligomenorrhea with
anovulatory or ovulatory cycles, periods of amenor-
rhea followed by anovulatory or ovulatory cycles of
normal or elongated or short lengths with normal or
deficient luteal phase starting around the 42" year of

age and prevailing more frequently at the approach
of menopause is illustrated by a sample case report
presented by Brown.”

Based on the above epidemiological studies and the
self-reported data, it may be estimated that menstrual
irregularities begin 3 to 7 years before the permanent
cessation of menses, the average being 4.5 years, and
that they are more frequent as the age at menopause
approaches.

b. Dysfunctional uterine bleeding

Excessive flow and duration of menses in cycles of
normal intervals (menorrhagia) or irregular intervals
(metrorrhagia) are frequent in premenopause, this
arousing deep concern in women over the possibil-
ity of developing ovarian cancer and their need to
entrust to the gynecologist the task of excluding such
an occurrence.

Unopposed estradiol in the case of anovulation
provokes proliferation and hyperplasia of the en-
dometrium that will bring about a breakthrough
bleeding whenever there is a diminution of blood
estradiol levels. The volume of the ensuing blood flow
is usually related to the amount of circulating estra-
diol and the duration of progesterone insufficiency.
Increased levels or fluctuations of estradiol secretion,
which are not uncommon in the premenopause and
prolonged periods of amenorrhea can be followed
by acute and or heavy flow that may necessitate
hospitalization and blood transfusions. Secretion of
small amounts of estradiol sustained for a long time
can also provoke serious uterine hemorrhage. Even
ovulatory cycles with a short luteal phase may have
abundant menstrual bleeding because the insufficient
progesterone is unable to counteract the proliferative
action of estradiol on the endometrium. The major-
ity of cases of prolonged uterine bleeding or sudden
heavy flow occurring in 17 to 24% of women during
premenopause is the result of anovulation and is
produced by the aforementioned mechanism.” The
high statistical prevalence of this etiology, however,
should by no means discourage the clinician from tak-
ing the necessary measures to exclude more serious
pathology (polyps submucosal leiomyomas, cancer).
Moreover, the clinician who is aware of the great
incidence of unavoidable anovulation in the years
of premenopause and the risk of hemorrhage should



Endocrinology of reproductive decline

339

inform a patient manifesting clinical or endocrino-
logical signs of anovulatory cycles of this possibility
and offer his advice.

The hormonal and ovarian anatomical changes
during a normal menstrual cycle as well as the ovula-
tion and luteal phase function can be ascertained via
hormonal assays and ultrasonography permitting the
detection of any deviation from the normal at an early
stage of occurrence or at any other time in premeno-
pause. The impact therefore of anovulation on the
endometrium resulting from a high or sustained action
of estradiol that has not been controlled because of
the lack or insufficient progesterone can be promptly
diagnosed and etiologically treated with a replace-
ment therapy with progesterone or its homologues,
the progestins.?-!

The addition of progestin to estrogens in hor-
mone replacement treatment after the menopause,
as reported in the large longitudinal 5.2-year study
of the Women’s Health Initiative, showed a relative
risk of 1.26 (1-1.59) for breast cancer after the first
5 years of use. However, reinstatement for short
periods of the ovulatory cycles or of sufficient luteal
phases in the premenopause by progestins, or bet-
ter by progesterone, repairs the abnormal hormonal
status, thus enabling women receiving such treatment
to mimic the status of women of the same age who
have normal ovulatory cycles.

c. Subfertility in the premenopause

Both age-related decrease in fertility and the
significant individual variations that characterize
its occurrence are phenomena that are historically
well recognized. The relatively high pregnancy rate
in older women with donor oocytes indicates that
the cause of fertility decline with advancing age is
ovarian. Postponing motherhood in recent decades
beyond the age of 35 increases the risk for conception
difficulties and pregnancy outcome.¥>3

After reviewing the published literature, the Re-
productive and Endocrine Committee formulated
in 2011 the following recommendations: Women
should be informed that the risk of spontaneous
pregnancy loss and chromosomal abnormalities in-
creases with age. Because of the decline in fertility
and the increased time of conception that occurs

after the age of 35, women >35 years of age should
be referred for infertility work-up after 6 months of
trying to conceive.**

The need to know the fertility capacity of women
desiring to conceive in the premenopausal years has
promoted a series of hormonal tests which, together
with the sonographic investigation of the ovarian fol-
licular pool, can provide a fairly accurate evaluation
of the ovarian functional and anatomical state and
the prospect of fertility.

d. Abortions and malformations

It is also well known that, with increasing age, the
capacity of women to maintain an ongoing pregnancy
and deliver a child is significantly and proportion-
ally reduced. The risk of abortion is 40% greater in
women 35-44 years old and up to 74.7% after the
age of 45 years.” The increasing rate of aneuploidy
and the creation of unviable offspring and children
with abnormalities by the age of 35 years and over
has also been statistically documented.

e. Vasomotor symptoms in the premenopause

Vasomotor symptoms (VMS) in the form of
episodic hot flushes and sweating occurring in still
menstruating women have been more directly related
to menopause than to menstrual irregularities and,
along with the discomfort they provoke, they have a
psychological effect on women as they are taken as
a pessimistic message of entering another stage of
female life. Vasomotor phenomena are more com-
mon in periods of amenorrhea with fluctuations of
estrogen levels.

In the past and before the availability of hormone
assays, the VMS were considered by physicians a
sign of impending menopause based on the appear-
ance of hot flushes and sweats, sometimes extremely
severe, after the final cessation of menses and im-
mediately after bilateral ovariectomy. They were
correctly related to hypoestrogenism, but several
studies have indicated that VMS may also occur
at the premenopause in women with high estrogen
levels.” A plausible explanation for this controversy
is that a relative hypoestrogenism resulting from a
steep reduction of estradiol from whatever levels may
initiate the neuroendocrine mechanisms of VMS
manifestations. The exact prevalence of hot flushes
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and sweats in ovulatory, unovulatory or amenorrheic
women in the premenopause has not been defined.
A very broad range of 6-60% has been reported due
to methodological differences and inconsistencies in
the epidemiologic studies.”’

THEENDOCRINOLOGYOFTHEPREMENOPAUSE

The gonadotropin releasing hormone (GnRH)
pituitary-ovarian axis that controls the hormonal
and reproductive function of the ovaries is strongly
influenced by the feedback action of the main ovar-
ian hormones estradiol (E,) and progesterone (PG)
which transform the vertical functional axis into an
autoregulatory circuit. Three other peptide ovarian
hormones, structurally linked, the inhibins, the activins
and follistatin, exert significant modulatory action on
the parameters of the hypothalamic-pituitary-ovarian-
pituitary-hypothalamic circuit (Figure 2).

Inhibin is secreted by the granulose cells stimu-
lated by FSH and has also been found in pituitary
gonadotropes. Inhibin is a dimmer consisting of two
peptides, A and B (inhibin-A and inhibin-B), which
share in common a subunit and a b subunit specific
for each. Inhibin-B reduces the synthesis and secretion
of FSH and the number of GnRH receptors in the
pituitary and has an inhibitory effect on the growth of
antral follicles in the ovary.*® The inhibin-B form of
inhibin is secreted in pulsatile fashion, rising rapidly
in the early and midfollicular phase; then it falls and
presents a short-lived rise after ovulation followed
by a decrease in the late luteal phase.* The secre-
tion of inhibin-A is low in the early follicular phase

E;

PG
AMH

Figure 2. Secretion curves of the 5 ovarian hormones in the
menstrual cycle. B: inhibin-B, A: inhibin-A, AMH: Anti-Mdlle-
rian Hormone, E;: estradiol, PG: progesterone.

and begins to rise in the middle of follicular phase,
reaching its maximal levels in the mid-luteal phase.
The inhibitory action of inhibin-B on FSH secretion
at the pituitary is believed to be more intense than the
negative feedback action of estradiol. Inhibin has no
or little effect on the other pituitary hormones. The
secretion of both inhibins together with estradiol and
progesterone significantly decreases because of the
depletion of the corpus luteum in the late luteal phase.

Activin, which belongs to the same gene family, is
chemically related to inhibin.’ It is composed of the
b-subunits of inhibin A and B forming 3 combinations,
Activin-AB (inhibin-Ab and inhibin-Bb), Activin-A
(inhibin-Ab + inhibin-Ab) and Activin-B (inhibin-Bb
and inhibin-Bb). Activin is produced by the pituitary
and the granulosa cells of the ovary and is present in
several other tissues. Activin augments the secretion
of FSH by enhancing GnRH receptor formation.
This action is blocked by follistatin. Activin has an
inhibitory action in the pituitary on growth hormone,
prolactin and ACTH. In the ovary, activin augments
the number of FSH receptors in the granulose cells,
enhancing the aromatization of the androgens for the
synthesis of estrogens and the production of inhibin.

The anti-Mdllerian hormone (AMH) is also a
member of the same gene family, transforming growth
factor-b (TGF-p). It is synthesized exclusively by the
growing antral follicles, thereby reflecting their pres-
ence, number and development.*! On reaching ovula-
tory size, the antral follicles cease to produce AMH.

Follistatin is a peptide hormone secreted by the
gonadotropes and by other pituitary cells.* It exerts a
strong inhibitory action on FSH synthesis and secre-
tion. It is believed that this effect is accomplished by
the binding of follistatin to activin, thus neutralizing
the stimulatory action of activin. Follistatin is also
expressed in the granulosa cells in response to FSH.

The first endocrine event noticed in aging women
was a rise of FSH in normal ovulatory cycles. In 1975,
Sherman et al** measuring FSH, LH, estradiol (E:)
and progesterone (PG) in 6 ovulatory cycles of six
women aged 46-51 years found FSH to be “strikingly”
increased throughout the cycle despite the presence
of sufficient E; levels to exert a suppressive effect
on FSH. The LH remained indistinguishable from
normal. Analyzing their results and the knowledge
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on the interrelationships between FSH, LH and
E,, the authors arrived at a hypothesis that is worth
quoting: “These data have led us to hypothesize an
ovarian regulatory hormone, an inhibin, which would
exert a negative feedback control over FSH secre-
tion and which would be reduced in the years before
menopause.” Inhibin was isolated a few years later
and proved to be an important factor in the ovarian-
pituitary interplay.

At the same period another hormonal paradox
was recognized, namely, the increased secretion of
estrogen in certain cycles of many women at the pre-
menopause at an age when diminution of estrogen is
normally expected because of the aging ovaries and
their course to the terminal phase of their function.
Prior’ analysis of the data of 12 different publications
constructed the mean of follicular phase estradiol
from 415 premenopausal women and compared it
with the mean E; levels in 292 controls. Estradiol in
the premenopausal women was significantly higher
(p=0.041) than the controls (225+98 pmol/L vs
17557 pmol/L).

In 1988, Lee et al* studied a larger cohort of
ovulatory women aged 24-50 years with cycles of
normal length separated into 3 age groups 36-40
(n=19), 41-45 (n=18) and 46-50 (n=16) with daily
estimations throughout the menstrual cycle of FSH,
LH, estradiol (E,) and progesterone (PG). They
found elevated values of FSH beginning at the age
of 39 years and becoming prominent in the mid-
follicular and post-ovulatory phases at a time when
in the normal menstrual time inhibin concentrations
appear to be minimal. LH, E; and PG changed little
with advancing age. The role of inhibin A and B in
the suppression of FSH during the cycles was inves-
tigated by Lahlou et al® by measuring FSH, inhibin
A and B and E; during a control cycle and 4 days of
the following cycle and in a cycle treated with percu-
taneous 0.1mg E, from day 10 of luteal phase to day
4 of the next cycle. The results showed that E, and
not inhibin-A was responsible for FSH suppression
in the luteal phase, and inhibin-B and not E, for FSH
suppression in the follicular phase. Reame et al*
studied the pulsatile pattern of LH in aging women
via a well designed paradigm of frequent sampling
of LH (every 10 minutes for 8 hrs (09.00-17.00)) and
hourly of FSH, E, and PG at 3 time points of the

menstrual cycle (day 6 of the follicular phase and days
7 and 12 after LH surge) in 3 ovulatory age groups
(19-34 yrs, n=8, 35-39, n=8 and 40-50 n=16). They
demonstrated significantly higher mean LH values
and pulse amplitude at the late luteal phase in the age
group of 40-50 years and a tendency to the same LH
effect in the age group 35-39 years. FSH was higher
in all three study days in the older group, while E,
and PG showed no significant difference among the
groups except for a trend of E, to be higher in the
follicular phase of the older group.

The monotropic increase of FSH in women with
menstrual irregularities in the perimenopausal years
was determined in a large population-based sample
of 380 women aged 45.6-56.9 years (mean 49.4 yrs).
Women who experienced changes in frequency of
the cycles and flow (28%) had 53% and those with
at least 3 months of amenorrhea (13%) 253% higher
FSH than the women with continuing regular cycles
(27%). The decrease of E; and inhibin in the group
with at least 3 months of amenorrhea was 54% and
53%, respectively.” The hormone levels of the cycles
in 150 women who experienced menopause during 6
years of follow-up were studied by the same Australian
group.” Mean FSH and E; levels measured annually
started to decrease from about 2 years before the final
menstrual period (FMP). Levels of both inhibin A
and B were undetectable in the majority of the cases
by the time of menopause and in almost all women
4 years after FMP.

Six months’ daily voided urine was assayed for
FSH, LH, estrone (E;) and pregnandiol (PGd) in 11
midreproductive women aged 19-38 years, 5 older
reproductive (43-47 years old) and 6 cycling women
47 years and older.” FSH excretion was higher in the
women aged >47 years than in the two reproductive
groups and E; was also significantly higher in the
older group (Figure 3). Urine samples collected
daily for a period of 6-18 months by 34 women 40-
53 years old who had at least one long cycle (mean
length 38.4 days, range 167) were assayed for FSH,
estrone and pregnandiol. The elongated cycles were
characterized by increased periods of progressive
FSH increase before estrogen take-off and progres-
sive luteal pregnandiol decline. The authors believe
that there is a temporary lack of ovarian response to
FSH in old age.™
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Figure 3. Schematic presentation of a graph from Santoro’s publication* that illustrates the irregular and unpredictable endocrine
events in the premenopause. It demonstrates the urinary values of FSH, LH, estrone (E;) and pregnandiol (PGd) measured by a
women daily for 180 days. Increased FSH with several high values is observed in days 0 to 40 followed by low or normal FSH (days
40-50). At the same period two ovulations, the second with lower PGd excretion occurred (day 40-50 lower panel) followed by a series
of high FSH values reaching postmenopausal levels (days 50-70). Then a sustained for 40 days increase in E; appears, probably due
to follicular cyst formulation by the intense FSH stimulation (days 80-120). A small increase in PGd follows (days 120-130), paradoxi-
cally without an obvious LH surge, and then the course to the permanent cessation of menses is shown by the gradual increase of

FSH and the E,; decrease.

The findings of all the above studies were sup-
ported by population-based data from 3,388 women
aged 35-60 years of NHANES III, 1988-1994, that
demonstrated an increase of FSH and LH in aging
women beginning in their late forties.’!

Two more elaborate studies have provided a
clearer picture of the endocrine and reproductive
status in premenopause. A detailed study of the
longitudinal characteristics of menstrual cycles was
performed in 2004 in 13 women between 4 and 9
years before menopause and 1 year after. FSH, LH,
E,, PG, prolactine and inhibins A and B were de-
termined annually 3 times weekly for 1 month. This
study, reporting a panorama of individual cycles
together with the levels of the 7 hormones, clarified
the hormonal characteristics of women approaching
menopause.’? Prolonged cycles were not identified in
any woman earlier than 27 cycles (2 years, 3 months)
from menopause. They appeared as menopause

approached, reaching 62% in the last 10 cycles and
showed elevated FSH and LH and increased FSH/
inhibin A and B ratios. The FSH in cycles remaining
ovulatory did not consistently increase, contrary to
previous studies indicating a progressive increase in
follicular phase FSH. According to the authors, the
determinant of elevated FSH is an anovulatory cycle
or delayed ovulation. The integrated endocrinology of
the menstrual cycle in 76 women classified according
to the STRAW staging criteria by measuring all the
involved hormones FSH, LH, E,, PG, inhibin A and
B and AMH was reported in 2007 by the Australian
school.”® Twenty-one women (aged 28.9+4.4 yrs)
were at the mid-reproductive stage (MR), 16 women
at the late reproductive (LR) stage (46.6%1.4 yrs),
16 women at the early menopause (EMT) transition
stage (49.9%+2.3 yrs) and 23 at the late menopause
(LMT) transition (49.7%2.3 yrs). Two, zero, 1 and 9
anovulatory cycles were identified in the MR, LR,
EMT and LMT, respectively. FSH, LH and E; in-
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creased with progression of STRAW stage and PG
decreased. Inhibin-B decreased steadily and AMH
decreased markedly (10-15 fold).

Another pattern of erratic hormonal secretion
of the menstrual cycles in premenopause was dem-
onstrated in a study of cycles with increased or de-
creased lengths in 77 women aged 21 to 55 years
classified according to the STRAW aging stages as
mid- (n=21) and late-reproductive stage (n=16),
early (n=17) and late (n=23) menopausal transi-
tion.>* Blood samples taken 3 times per week over
1 and 1/3 menstrual cycles were assayed for FSH,
LH, E,, PG and inhibin A and B. In 37% (11 of 29)
of the cycles of menstrual transition, a second rise
and fall of E; during the mid- and late-luteal phase,
resembling the follicular phase and superimposed on
the luteal phase, as well as decreased progesterone
secretion were observed. This luteal out-of-phase
(LOOP) increase of E; appeared to be triggered by
prolonged high follicular phase FSH levels and lower
inhibin early in the cycles (Figure 4).

HORMONAL INDICATORS OF OVARIAN
RESERVE

The increase of FSH in women in the late thirties
or early forties was considered a precocious sign of
ovarian aging independent of the chronological age
and was soon used in clinical practice as an indicator
of the ovarian capacity to respond to the treatment
of infertility by in vitro fertilization. Several studies
demonstrated that the estimation of FSH on day 3
of the cycle was associated with the chances of preg-
nancy and was used as a guide to IVF treatment. The
predictive value of day 3 FSH was evaluated in 738
consecutive cycles in 444 women.> Patients with less
FSH than 15mU/ml had higher pregnancy rates and
17% ongoing pregnancies, those with FSH levels 15-
24.9 mU/ml had 9.3% ongoing pregnancies and those
with greater than 25mU/ml only 3.6%. Pregnancy
rate in women with 3-day FSH less than 151U/L was
found to be 25% and with increasing levels of FSH
the possibility of gestation and ongoing pregnancies
are greatly reduced, reaching almost zero, with a
FSH of 40 IU/L. The pregnancy rate in 1,750 women
with an arbitrary threshold of day 3 FSH less than
20 IU/L was found by Martin et al to be 16.5% per

---ﬂ’

Figure 4. Schematic presentation of 3 typical irregular men-
strual cycles occurring in the premenopause. Upper graph, in-
creased FSH value in menstrual cycles with normal estradiol
secretion. Middle graph, increased estradiol (E;) secretion in
several menstrual cycles throughout the period of premeno-
pause. Lower graph, cycles with a luteal out-of-phase (LOOP)
increase and fall of estradiol superimposed on progesterone se-
cretion occurring in many cycles in the premenopause (normal

cycle.’® The authors express extreme pessimism as
to further treatment in women with even one day-3
FSH more than 20 TU/L. A cut-off point of 13 TU/L
FSH was reported by the 1999-2000 NHANES study
between women with regular cycles and those with
irregularities of the cycle in a cohort of 576 women
aged 35-60 years.”’

The predictive performance of day 3 FSH concen-
trations reported in the above and other studies was
not considered sufficient in clinical practice because
of the great individual variations and the overlapping
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between the arbitrarily set cut-off points of FSH
levels. This is the negative conclusion reached by
Bancsi et al’® in 2003 in a meta-analysis of 21 relevant
publications. Despite its limitations, the 3-day FSH
has been widely used in IVF programs because of its
practicability. However, the need for better identifica-
tion of the chance of responding to an IVF treatment
remains a priority of great importance both to the
physician and the patient as it may help arrive at a
more individualized and thus more correct decision.
Three other tests, each with keen advocates and sup-
porting evidence, have been proposed to meet this
challenge, the antral follicle count (AFC), the day 3
inhibin B estimation and AMH measurement at the
follicular phase.

The value of antral follicle count (AFC) as a
predictor of pregnancy in IVF was demonstrated in
130 couples divided into 3 groups according to the
AFC: >11, 4-10 and £ 3. The AFC correlated signifi-
cantly with day 3 FSH and the number of oocytes
retrieved.” The group with the lower AFC (£3) had
the higher rate of cycle cancelations compared with
the two other groups. To compensate for the lack of
systematic assessment of the predictive capacity of
AFC for the outcome of IVF, Hendricks et al® per-
formed a meta-analysis of the 11 studies published
in the first Reuss report of AFC, from 1996 through
2003, and compared their findings with the results of a
meta-analysis concerning the predictive value of poor
ovarian response assessed by basal FSH levels. The
authors concluded that the predictive performance
of AFC s significantly better than that of basal FSH.
The study of 120 women undergoing their first IVF
cycle arrived at the same conclusions. Measurement
of the number of antra follicles (AFC) proved to be
the best single predictor for poor ovarian response
compared to day 3 FSH and inhibin-B estimation.
However, addition of FSH and inhibin-B levels sig-
nificantly improved the prediction of poor response.®!

Inhibin was shown to decrease with advancing
age earlier than FSH and to have a stronger inhibi-
tory action on FSH than estradiol. Its decrease at an
early age is believed to be the cause of subsequent
FSH increase since concomitant E, levels are not
substantially reduced. Follicular phase inhibin-B
was found to be inversely associated with FSH and
this introduced the use of inhibin-B as a direct in-

dicator of ovarian aging and responsiveness to IVF
treatment by Danforth et al®® in 1998. Day 3 of the
inhibin-B cycle in 25 women aged 39-52 years proved
to be more sensitive than FSH indicator of ovarian
reserve. Luteal phase inhibin-A was also connected
inversely with age.

The effect of increasing age in women with regular
cycles on inhibin, FSH, LH, estradiol (E,) and pro-
gesterone (PG) measured on days 4-6 of the follicular
phase and on days 3-12 before the next menses was
determined in 4 age groups of 20-29, 30-39, 40-44
and 45-49 years of age.® Women 45-49 years old had
significantly lower inhibin-B and higher FSH levels
than the other 3 groups (Inhibin-B 128U/L Vs 239,
235 and 209 U/L and FSH 13 1U/L vs 4.9,5.5 and 5.3
IU/L) in the 20-29, 30-39 and the 40-45 yrs groups,
respectively. LH did not differ across age groups. E2
was not different between the 45-49 year age group
and the 40-45 year age group, indicating that FSH
increase was independent of E, levels and related to
inhibin decrease. The changing point of FSH increase
was estimated to be at 42.97 years. Progesterone falls
slowly with increasing age.

The exact role of inhibins and activin-A in the
hormonal dynamics of the menstrual cycle in old age
was investigated by Klein et al* in 16 women aged
40-45 years compared with 13 younger women aged
20-25 years. Daily assays of FSH, LH, E,, inhibin A
and B and activin-A were performed throughout
one menstrual cycle and the follicular phase of the
subsequent cycle. This detailed study demonstrated
significant FSH elevation in old subjects, a decrease
of inhibin-B and no deficiencies in inhibin-A, activin-
A or E..

Over the last decade, the era of a third test for
ovarian anatomic and functional reserve that of AMH,
was initiated based on sound evidence.®> AMH is
solely produced by granulosa cells of the small grow-
ing antral follicles and its expression ceases when
these cells reach the dominant size. Serum AMH
levels therefore correlate with the number of antral
follicles and have emerged as a good predictor of
ovarian responsiveness and chances of pregnancy.
Van Rooij et al,% from the department of Reproduc-
tive Medicine at Utrecht, demonstrated in 2002 that
this particularity of AMH could be used as a measure
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of ovarian reserve and a marker of ovarian aging. In
a prospective study in 119 patients undergoing IVF
treatment, the number of the antral follicles and the
number of oocytes retrieved were highly correlated
with serum AMH levels. The superiority of AMH over
the other markers of ovarian aging was demonstrated
by another prospective study of 75 women.®” Day 3
AMH levels were more strongly correlated with the
follicular count than inhibin-B, FSH and E,. The
correlation with LH was not significant. The mean
and range of day 3 AMH in 75 women was 1.39ng/mL
(0.24-6.40). In 2005, Van Rooij et al®® reaffirmed their
previous findings with a longitudinal study. Eighty-
one women were examined twice with on average a
4-year interval and AFC, FSH, inhibin, E; and AMH
were assessed on both occasions. The AMH and
AFC were highly correlated with age at both time
periods, whereas FSH and inhibin-B changed mainly
in women more than 40 years old. AMH showed the
best consistency over time at an individual level, AFC
showing the second best. FSH and inhibin-B showed
only modest consistency and E, none. The results of
this study represent the typical average hormonal
changes occurring at premenopause. In 56 women
aged < 38 years with normal day-3 FSH, a study of
E,, inhibin-B and AMH and the estimation of AFC
before and after administration of 300 IU of recom-
binant FSH demonstrated that the best models for
predicting oocyte numbers were AFC, basal AMH
and stimulated inhibin-B.%

In 2008, a longitudinal study was performed of
50 premenopausal women who made 6 consecutive
annual visits and measurement of AMH, inhibin-B
and FSH on days 2-7 of the follicular phase prior to
their subsequent documented FMP.” The hormones
at the initial evaluation were as follows: mean AMH
0.62=0.51ng/ml, mean inhibin-B 69.8+45.2 pg/ml,
mean FSH 7.6+2.4 mIU/ml, E, 58.9+24.5 and the
mean age of the women was 42+2.7 years at the start
and 50.5 years at FMP. AMH showed a linear decline
to a time point 5 years prior to the FMP; inhibin-B
declined, being undetectable 5 years before FMP
at a time when FSH had doubled (15mIU/ml). The
authors consider AMH a good endocrine marker of
follicle depletion.

The value of AMH as a test compared with antral
follicle count (AFC) performance was reviewed in

a meta-analysis of 13 studies on AMH and 17 on
AFC, with the main outcome being poor response
(less than 4-6 oocytes) and non-pregnancy after IVF.
It was shown that AMH has at least the same level
of accuracy and clinical value for the prediction of
poor response and non-pregnancy as AFC after
IVF stimulation.” The authors point out that the
application of the AMH test may have some major
advantages as it does not need to be performed on
a specific day of the cycle and does not necessitate
skilled ultrasound operators to measure the ovarian
follicles. The routine use of AMH as a test of ovarian
reserve prediction by IVF clinics is increasing.”” In
a comprehensive review of all the evidence-based
literature on ovarian reserve tests, Broeckmans et al”
concluded that tests like AFC, AMH and stimulated
inhibin-B may have some predictive ability but the
accuracy of predicting the chance of pregnancy is
limited (Table 2).

THE ENDOCRINE ENVIRONMENT IN
PREMENOPAUSE

Concurrently with the decline in reproductive
function of the ovaries, important alterations in
the function of the hypothalamic-dependent endo-
crine glands take place.”® The secretion of growth
hormone, a strong anabolic hormone essential in
women who have small quantities of the stronger
anabolic hormone, testosterone, begins to decline
in the 3™ decade and continues in the years of pre-
menopause, reaching levels 50% lower at menopause
than those at a younger age. The adrenal androgens,
dehydroepiandrosteronbe and As;-androstendione,
which are the source by transformation of the 50% of
circulating testosterone in women, present a steeper
diminution in the same age period, whereas cortisol
secretion remains unchanged, reviving the old theory
of an independent of ACTH regulation of adrenal
androgens. These changes, designated somatopause
and adrenopause, together with menopause create a
state of relative multiple endocrine insufficiency in
women reaching the fifth decade of their life.

CONCLUSIONS

In women, the reproductive decline and the ac-
companying endocrine deterioration begin in the late
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Table 2. Comparative studies of ovarian reserve hormone indicators at premenopause

Authors Subjects Age Group Design Results

Danforth 25 39-52 Follicular day-3 and days 6 and 8 after LH ~ Day-3 inhibin-B more sensitive than

et al.? 1998 surge. Measurements of FSH, inhibin A FSH indicator of ovarian reserve. Luteal
and B estradiol (E») and progesterone (PG) phase inhibin-A correlated inversely

with age

Lahlou 6 28-38 Measurement of FSH, E, and inhibin A and The results showed that E, and not

et al.* 1994 B during a control cycle and 4 days of the inhibin-A is responsible for FSH in the
following cycle compared to a cycle treated  luteal phase and inhibin-B and not E, for
with 0.1mg E; from day 10 of luteal phase the suppression of FSH in the follicular
to day 4 of the next cycle phase

Bancsi 120 Women Measurement of day-3 FSH, inhibin-B E, AFC the best single predictor. Addition

et al.®¥ 2002 undergoing  and antral follicle count (AFC) of FSH and inhibin-B improves prediction

IVF

Fanchin 75 Measurement on day-3 of FSH, LH, E,, Day-3 AMH levels more strongly correlated

et al. 72003 inhibin-B AMH and AFC with AFC than FSH, E,, LH, inhibin-B

Hendriks Meta-analysis of 11 studies on AFC compared ~ Antral follicular count (AFC) performance

et al.® 2005 with a meta-analysis on basal FSH significantly better than that of basal FSH

Vam Rooj 81 Basal mean  Twice assessment with on average a 4-year High correlation of AMH with AFC. Best-

et al.® 2005 age 39,6 yrs  interval of AMH, FSH, inhibin-B, E; and AFC  consistency of AMH over time with AFC

After 4 yrs the second best
43.6 yrs
Broekmans Literature review of predicting value of the ~ Statistical analysis showed that the best
et al.™ 2006 ovarian reserve tests tests are AFC, follicular phase AMH and
stimulated inhibin-B
Elder-Geva 56 <38 yrs Measurement of E;, AMH and inhibin-B Best predictive value have AFC, basal

etal.® 2012

and evaluation of AFC before and after

AMH and stimulated activin-B

administration of 300 IU FSH

thirties or early forties, with an abrupt depletion of
the ovarian functional units, the follicles, entailing a
unique period of transition until the final cessation
of the menses.

The declining number of follicles, which are the
source of ovarian hormones that exert a modulatory
feed-back action on the hypothalamus and the pitu-
itary, results in hormonal irregularities that disorganize
the hypothalamic-pituitary-ovarian axis, creating an
erratic and unpredictable endocrine status followed
by clinical abnormalities.

The ovarian hormonal secretion subsequent to the
anatomic changes of the ovaries is characterized by
an increase of FSH throughout the menstrual cycle,
early decrease of inhibin-B and later of inhibin-A,
great decrease of anti-Mdllerian hormone (AMH)

which at the approach of menopause may become
undetectable, lack of increase or low levels of proges-
terone and, latest of all, decrease of estradiol which
may present intermediate unpredictable phases of
increased secretion in normal cycles or during amen-
orrheic periods.

This pattern of hormonal secretion in the premeno-
pause forms the foundation of clinical manifestations.
Menstrual irregularities are common, unpredictable
and highly individually variable. Ovulatory cycles of
normal length or prolonged duration may be followed
by or alternate with anovulatory cycles or cycles with
insufficient luteal phases or periods of amenorrhea.
The lack of ovulation, the insufficient luteal phases
and the periods of amenorrhea frequently create
conditions of unopposed proliferative estrogen ac-
tion on the endometrium, while the risk of abnormal
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bleeding, which may sometimes be heavy, can neces-
sitate urgent medical care and treatment.

The parallel aging of the oocytes is responsible for
the decline in fertility and the difficulty of maintaining
a pregnancy in the premenopause. The subfertility
of these years, which decreases further with the ap-
proach of menopause, concerns a large part of the
female population in the civilized world because of
the postponement of pregnancy due to the years
devoted to education and the professional career.
These difficulties encountered in late child-bearing
have contributed to the gigantic growth and advance-
ment of assisted reproductive technologies (ART)
and the parallel investigations into hormonal tests
for the assessment of ovarian aging and the chance
of pregnancy, now offer invaluable help to women
desiring pregnancy in the premenopause.

Continuous and intense investigations and research
into all the aspects of premenopause are needed with
the aim of improving the health and the psychological
well-being of the women who go through this difficult
period of their life and arrive at menopause, in effect
a state of relative multiple endocrine insufficiency,
having lost 80-90% of estradiol, 70% of adrenal an-
drogens and 50% of growth hormone.
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