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1. Dramatic increases in life expectancy have led to women expecting to live more than a
third of their lives after menopause.

2. The onset of menopause may affect progressive age-related changes in function and
structure of body tissues and systems.

3. There is a lack of consensus as to whether the biological and psychological changes
occurring during the menopause transition or presenting later in life are attributable to menopause and
reduced ovarian function or to aging.

4. The timing of menopause may substantially influence subsequent morbidity and mortality.

5. Menopause cannot be said to have occurred until there have been 12 months of amenorrhea for which there
is no other obvious pathological or physiological cause. Contraception is still needed during the menopause
transition.

6. Endocrine changes begin years earlier. FSH and estradiol changes are maximal in the year of the FMP.

7. The endocrine changes of menopause do not include any acute or sudden decrease in androgens.

8. Menopause research has to address identified methodologic difficulties.

9. There is considerable individual and racial/ethnic variation among women in the age of menopause and in
their manifestation of perimenopausal signs, symptoms, and menopause-related sequelae.

10. Influences of the menopause on health may affect a woman’s quality of life.

CHAPTER 2: THE MENOPAUSE AND AGING

Martin H. Birkhäuser, M.D.;* Lorraine Dennerstein, A.O., M.B.B.S., Ph.D., D.P.M.,
F.R.A.N.Z.C.P.;† Sherry Sherman, Ph.D.;‡ Nanette Santoro, M.D.§

KEY POINTSa

* From the Division of Gynaecological Endocrinology. Department of Obstetrics and Gynaecology, University of Bern, Switzerland.

† From the Office for Gender and Health, Department of Psychiatry, University of Melbourne, Royal Melbourne Hospital, Parkville, Victoria, Australia.

‡ From Clinical Endocrinology and Osteoporosis Research, National Institute of Aging, NIH, Bethesda, MD, U.S.A.

§ From the Division of Reproductive Endocrinology, Department of Obstetrics, Gynecology, and Women’s Health, Albert Einstein College of Medicine,
Bronx, NY, U.S.A.

a Evidence categories are given in square brackets. A = randomized controlled trials (rich body of data); B = randomized controlled trials (limited data); 
C = nonrandomized trials and observational epidemiologic studies; D = Panel expert judgement. (See also table 1–1.)

Dramatic increases

in life expectancy

have led to women

expecting to live

more than a third

of their lives after

menopause.



24

1. INTRODUCTION

The third millennium begins with vast potential
from unprecedented advances in medicine, tech-

nology, and public health.
Major achievements over
the past century in the con-
quest of infectious and par-
asitic diseases, progress in
nutrition and education,
reductions in maternal and
infant mortality, although
occurring unevenly on a
global scale, have resulted
in dramatic increases in life

expectancy and burgeoning numbers of older indi-
viduals (figs. 2–1 and 2–2).1 Although the world’s

elderly have been increasing in number for some
time, the pace of population aging has accelerated
during the past century, resulting in the “graying” of
societies across the world as striking reductions in
mortality have combined with declines in fertility
to produce a rate of expansion of the older popula-
tion that has outpaced total population growth.2

In the industrialized nations of Europe, Asia, and
North America, this phenomenon has been a
prominent issue. However, accelerated population
aging in less-developed countries, where increases
in the rate of growth of the older population are
surpassing those in more-developed nations, has
been underappreciated. Accommodating increases
in the proportion of older individuals may be espe-
cially challenging to countries that are less-devel-
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FIGURE 2–1

An Aging Population: Population Aged 65 and Above, 1996

Modified with permission from WHO, 19981
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Modified with permission from WHO, 19981
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FIGURE 2–2

An Aging Population: Population Aged 65 and Above, 2020

oped and are less prepared to address the economic,
social, cultural, and medical uncertainties, com-
peting priorities vis-à-vis enhanced life expectancy,
and the desire to maintain quality of life into the
very late years of life.2

In the developed world, mean life expectancy for
women since 1900 has increased from 50 to 81.7
years. Particularly striking is the remarkable
increase in the proportion of women over fifty in
the population, which has tripled since the turn of
the 19th century.2 Population projections estimated
approximately 467 million women in the world to
be aged 50 years and older in 1990. By the year
2030, this number is expected to grow dramatically
to 1,200 million. The numbers of postmenopausal
women in the developing world are anticipated to

increase much more rapidly than those in the
industrialized world. From 1990 to 2030, the rate of
growth of the postmenopausal population will
decrease from 1.5 to 1.0 percent in the industrialized
world, while averaging between 2 and 3.5 percent
in less-developed countries. Therefore, during this
period, the proportion of postmenopausal women
in more developed countries is expected to decline
from 40 to 24 percent, whereas it will increase
from 60 to 76 percent in less-developed countries. 

Accelerated population aging has led to a major
epidemiological transition in the leading causes of
death from infections and acute diseases to the
chronic and degenerative diseases of old age (such
as malignant neoplasms (see ch. 11), cardiovascu-
lar and cerebrovascular diseases (see ch. 8), osteo-
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porosis (see ch. 9), and dementia
(see ch. 12). The incidence of
some metabolic diseases, such
as diabetes mellitus, is increas-
ing (figs. 2–3 and 2–4).1

Degenerative processes, such as
macular degeneration or pro-
gressive lens opacity, have been
linked to prolonged estrogen
deficiency.3 Another study shows
that HRT has a positive influ-
ence on intraocular pressure
increasing with age.4 However,
increasingly sophisticated
research in aging since the mid-

1970s has led us to challenge the concept of an
inevitable, inexorable, unified progression toward
debility and infirmity before death. Now aging is
appreciated as the heterogeneous product of a
genetic disposition being revealed under variable
environmental, behavioral, psychosocial, and eco-
nomic conditions, many of which are amenable to
profound change with existing as well as emerging
new strategies. 

Aging is associated with progressive structural,
functional, endocrine, and metabolic alterations in
a variety of tissues and systems, many of which
have been implicated in subsequent impairments in
physiological, physical, psychosocial, and cogni-

FIGURE 2–3

Diabetes Mellitus. Estimated Prevalence Among Adults, 1997

Modified with permission from WHO, 19981
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FIGURE 2–4

Diabetes Mellitus. Estimated Prevalence Among Adults, 2025

Modified with permission from WHO, 19981

tive functioning. A critical tenet in aging research,
which is aimed at understanding, modifying, or
preventing age-related morbidity, disability, and
death, is the importance of differentiating changes
due to disease and other pathologic processes from
those attributable to aging per se. To better under-
stand the etiology of age-related disease in women,
it is important to additionally ascertain the inde-
pendent role of menopause and its interaction with
aging. There is little consensus as to the signifi-
cance of menopause in healthy aging, and consid-
erable controversy exists as to the scope of the
physiological and psychological changes surround-
ing menopause or presenting later in life that are
attributable to menopause and reduced ovarian

function. Future advances in preventing and man-
aging diseases and disorders in middle-aged and
older women will require more careful delineation
of those diseases and disorders that are attributable
to menopause and reduced ovarian hormone levels
versus those diseases that are not. Such advances
are critically needed to clarify ambiguities in the
presentation of age-related disease, to improve
diagnosis and treatment, and to constrain health
care costs.

The most profound and universal alteration in the
mature aging endocrine system occurs in women
and is due to menopause. However, while
menopause is a universal phenomenon in women,
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there is considerable individual variation among
women in the age of menopause and in the mani-
festation of perimenopausal signs and symptoms as
well as what may be considered menopause-related
sequelae. The perimenopausal and postmenopausal
experience encompasses a complex interaction of

sociocultural, psychologi-
cal, and environmental fac-
tors as well as biological
changes relating strictly to
altered ovarian hormone
status or deficiency. In the
United States and many
Western countries, the peri-
menopausal experience is

usually perceived largely in negative terms—as a
transitional phase dominated by disturbing physical
and mental symptoms. It has been suggested that
highly negative characterizations of menopause
may be due to an over-sampling of clinic-based
populations of perimenopausal women, who, seek-
ing treatment for symptoms, were more readily
available for study and whose experiences repre-
sented the extremes of a difficult transition.
Importantly, our knowledge base on menopause is
extremely narrow in that the majority of studies
have been of white women (of northwest European
ancestry); very little is known about the range of
perimenopausal experiences in women of other
racial/ethnic groups. The sociocultural and behav-
ioral antecedents and consequences of menopause
have also not been well addressed, and major gaps
exist in understanding factors that may profoundly
influence the perception of, and response to, peri-
menopausal symptoms and sequelae. (See ch. 4).5

The age of menopause and the timing of the onset
of changes in the endocrine milieu may have 
profound implications for subsequent morbidity
and even mortality. Women reporting an earlier
menopause are reported to be at greater risk of
CVD disease6 and osteoporosis7 but at a reduced
risk of breast cancer.8 However, data are conflict-
ing, and methodological difficulties in assessing
the relationship between age at menopause and the

risk of subsequent conditions and diseases of aging
abound in the literature base. 

Although estimates for the median age of
menopause range from 45–55 years of age world-
wide9 and between 50 and 52 years of age in white
women from industrialized countries, our under-
standing of the determinants of, or factors which
influence the age at, menopause is limited, with
conflicting findings between studies commonly
found. A prominent role appears to be played by
race/ethnicity and lifestyle and sociocultural fac-
tors.10 Recent studies have suggested that compared
to white women, menopause is experienced at a
later age in Japanese women and at a younger age
in African-American11 and Latin American12 women
and in women living in less-developed countries.
Of all the variables studied, the most consistent
relationship has been for smoking, which is associ-
ated with a menopause which occurs 1 to 2 years
earlier than in nonsmokers.13 Reproductive variables,
including later age at menarche, oral contraceptive
use, longer menstrual cycle length, and parity, have
been (albeit inconsistently from study to study)
associated with an older age at natural menopause.
Other studies have shown an earlier menopause to
be associated with lower socioeconomic status,
lower educational attainment, low body mass
index (BMI), or being on a weight-reducing diet.14 

2. AGING IN WOMEN

Aging is associated with profound changes in body
composition. For reasons that are incompletely
understood, as they age, both men and women lose
bone and muscle and increase their proportion of
fat mass. These changes are of great public health
significance, particularly as their associated struc-
tural (e.g., diminished muscle and bone strength)
and metabolic (e.g., glucose intolerance, hyperin-
sulinemia) sequelae have been implicated in the
development of frailty and morbidity (including
heart disease, hypertension, osteoporotic fractures,
and osteoarthritis). 
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Sarcopenia, defined as reduced muscle mass, is a
well-known consequence of aging and occurs in
parallel with reductions in muscle strength and, to
some extent, muscle quality.15 Importantly,
decreased muscle mass and strength can impair
physical performance in the elderly and are associ-
ated with an increased risk of physical frailty,
declines in functional capacity, impaired mobility,
and falls.16

A recent study suggests that the menopause transi-
tion is associated with deleterious changes in body
composition and fat distribution, promoting the
selective accumulation of fat in the intra-abdomi-
nal compartment. However, while increases in total
and central adiposity were observed, no differences
in fat-free mass were noted, which suggests that
menopause may have less impact on the processes
promoting muscle loss.17

As both men and women age, collagen synthesis is
reduced, and the skin becomes progressively thin-
ner and wrinkled. The decrease in collagen synthe-
sis is similar in other connective tissues and in 
tissues rich in collagen, such as the conjunctiva
and articulation capsules. Although ERs are 
present in the skin,18 thus defining this tissue as a
target tissue—and it is widely believed that estro-
gen deficiency affects epithelial tissues—there is a
dearth of prospective observational data using vali-
dated methods to assess skin quality in different
racial/ethnic groups exposed to varying environ-
mental factors. Importantly, the ability to differen-
tiate the effects of menopause from those of aging
is very limited as skin quality can be substantially
influenced over time by genetic, smoking, and
environmental influences, particularly ultraviolet
exposure, which can cause premature aging of the
skin. There is evidence from experimental studies
that estrogen can stimulate collagen biosynthesis
and maturation in animal models19 and increase
skin collagen content in humans.20 Estrogen use in
humans has been associated with greater collagen
content, thickness, elasticity, and vascularization.21

Increases in facial hair, temporal hair loss, and

deepening of the voice often observed in elderly
women have been linked to the relative androgen
dominance after menopause.
Evidence suggests that estro-
gen administration can pre-
vent hair loss,18,22 and the fre-
quent complaint of “dry eyes”
(keratoconjunctivitis sicca).23

However, there have been few
RCTs demonstrating major
benefits of HRT on the skin,
hair, or sensory organs, such
as the eye. 

Because aging is associated
with decrements in both skin
thickness and BMD, it has
often been postulated that
measurement of the thickness
of skin can be used to predict
the risk of osteoporosis after
menopause. However, despite
significant statistical correla-
tions between skin thickness and bone mineral
content (BMC), the risk for osteoporosis cannot be
accurately deduced from skin thickness in an indi-
vidual patient.24, 25

3. DEFINITIONS

The word “menopause” (“ménespausie”) was used
for the first time in 1816 by Gardanne.26 Initially,
the phenomenon of menopause was explained as a
deficiency of ganglionic regulatory functions. In
1910, Marshall27 recognized that the ovary should
be classified as an endocrine organ. From the
endocrine perspective, the menopause represents a
primary ovarian insufficiency and has an inception
between the ages of 40 and 56 years, with a mean
age of 51 years.28 From a scientific perspective,
natural menopause coincides with the FMP, and
this cannot be determined until there have been12

months of amenorrhea.9 This definition is based on
clinical epidemiological evidence that the probabil-
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ity of resumption of menstruation after 12 months
of amenorrhea is vanishingly small.29,30

Much confusion has been caused by differing defi-
nitions used in relationship to changing ovarian
status. Definitions were provided by the World
Health Organization (WHO) Scientific Group on
Research on the Menopause in the 1990s.9 More
recently, these definitions and others were considered
by the Council of Affiliated Menopause Societies
(CAMS) of the International Menopause Society
(IMS). The only change recommended to the WHO
definitions was the inclusion of the term “climac-
teric,” considered by many clinicians to be descrip-
tive of this phase of life. The list of menopause-
related definitions given below was approved by
the IMS in October 1999, in Yokohama, Japan.31

TERMS SOURCE

Menopause (natural menopause) WHO
The term “natural menopause” is defined as the
permanent cessation of menstruation resulting
from the loss of ovarian follicular activity. Natural
menopause is recognized to have occurred after 
12 consecutive months of amenorrhoea, for which
there is no other obvious pathological or physio-
logical cause. Menopause occurs with the FMP,
which is known with certainty only in retrospect a
year or more after the event. An adequate biologi-
cal marker for the event does not exist.

Mean age
51 years

Climacteric

1 year
later

Menopausal transition

Perimenopause

Postmenopause

Final menstrual period (FMP)
Menopause

FIGURE 2–5

Relationships Between Different Time Periods Surrounding the Menopause



31

Perimenopause WHO
The term “perimenopause” should include the 
period immediately prior to the menopause (when
the endocrinological, biological, and clinical 
features of approaching menopause commence)
and the first year after menopause.

Menopausal transition WHO
The term “menopausal transition” should be
reserved for that period of time before the FMP
when variability in the menstrual cycle is usually
increased.

Climacteric IMS
This phase in the aging of women marks the transi-
tion from the reproductive phase to the nonrepro-
ductive state. This phase incorporates the peri-
menopause by extending for a longer variable 
period before and after the perimenopause.

Climacteric syndrome IMS
The climacteric is sometimes, but not necessarily
always, associated with symptomatology. When
this occurs, it may be termed the “climacteric syn-
drome.”

Premenopause WHO
The term “premenopause” is often used ambigu-
ously to refer to the 1 or 2 years immediately
before the menopause or to refer to the whole of
the reproductive period prior to the menopause.
The group recommended that the term be used
consistently in the latter sense to encompass the
entire reproductive period up to the FMP.

Postmenopause WHO
The term “postmenopause” is defined as dating
from the FMP, regardless of whether the
menopause was induced or spontaneous.

Premature menopause WHO
Ideally, premature menopause should be defined 
as menopause that occurs at an age more than 
two standard deviations below the mean estimated
for the reference population. In practice, in the

absence of reliable estimates of the distribution of
age at natural menopause in populations in devel-
oping countries, the age of 40 years is frequently
used as an arbitrary cutoff point, below which
menopause is said to be premature. 

Induced menopause WHO
The term “induced menopause” is defined as the
cessation of menstruation, which follows either
surgical removal of both ovaries (with or without
hysterectomy) or iatrogenic ablation of ovarian
function (e.g., by chemotherapy or radiation).

Figure 2–5 shows the relationships between 
different time periods surrounding the menopause.

4. PHYSIOLOGY

The process of the menopausal transition appears to
take about a decade. The earliest signs of this transi-
tion are (1) shorter menstrual cycles by 2–3 days and
(2) infertility. After birth, the number of oocytes 
continuously decreases. At puberty, 1 million oocytes 
are left.32 This number decreases to 0.3 million by 
the age of 20 years.32 Menopause is marked by the
exhaustion of the ovarian supply of oocytes.33

Although only approximately 400 follicles or less
than 0.01 percent of all oocytes proceed through
ovulation between menarche and menopause,33,34

long-standing amenorrhea or the prolonged intake of
a contraceptive pill does not seem to postpone
menopause.13 Reduced fertility due to the aging
process of the oocytes and to abnormal follicular
maturation is the first sign of ovarian aging. After the
age of 40, about 30–50 percent of all cycles show 
an abnormal basal temperature.35,36 Two to eight years
before menopause, the incidence of luteal insuffi-
ciency and anovulatory cycles increases,37 resulting
in a higher incidence of persisting follicles and dys-
functional bleeding. Shorter menstrual cycles appear
to be detectable at about age 38–40.38,39 The subtle
but common shortening of the intermenstrual interval
is clinically valuable, as it seems to be predictive of
other perimenopausal changes.
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Subtle reproductive hormonal changes occur in the
face of these minor cycle changes. FSH appears to
rise throughout reproductive life, but the elevation
becomes obvious in the late thirties/early forties in
women.40 Although it is elevated for most of the
menstrual cycle, early follicular phase FSH concen-
trations are most easily discriminated from “nor-
mal” concentrations on cycle days 2–5. An elevat-
ed FSH is a harbinger of menopause, although it
may still be many years away, and has clearly been
shown to augur poorly for future fertility.41 It is a
poor predictor of age at menopause, however, and
the clinician cannot make any conclusions on the
timing of an individual woman’s menopause based
upon the presence or degree of FSH elevation.42

On the other hand, as long as the active follicular
phase permitting the maturation of healthy follicles
remains stable and the luteal phase normal, fertility
is maintained. Therefore, contraception is still
needed during the menopause transition, despite
moderately elevated FSH levels. An isolated ele-
vated serum FSH level is not proof of the occur-
rence of menopause and is not sufficient to consider
a perimenopausal woman infertile so that she
could cease reliable contraception.43

4.1 Clinical Factors

Environmental influences may alter the ovarian
aging process. Smoking advances the age of
menopause by about 2 years.28 Recent studies sug-
gest that high levels of galactose consumption may
do the same. However, most of the determinants of
menopause are innate. Familial and genetic factors
appear to be the most predictive at present.44 One
recent study described an ERα polymorphism that
is associated with a 1.1 year advancement in the
age at menopause and a nearly threefold RR of
hysterectomy for benign disease.45 Ovarian surgery,
adhesions, and pelvic endometriosis appear to be
associated with poor ovarian stimulation for in
vitro fertilization and perhaps are also risk factors
for early age at menopause.46

Menstrual cyclicity is currently the best indicator
of menopausal status. The large variability in inter-
menstrual intervals that occurs at this time of life
probably reflects a combination of short cycles38

and skipped cycles. Treloar et al.37 reported a
detailed analysis of intermenstrual intervals of
women encompassing over 20,000 menstrual
cycles. Variability of cycle length was enormous in
both the perimenarcheal years and the years of
menopausal transition. Cycle length shortening is
probably due to elevated FSH levels in the early
follicular phase/late luteal phase of the cycle.

The classic characterization of the menopause tran-
sition was provided by Sherman and Korenman
(1975).47 Six women were followed in detail up to
and including the actual last menstrual period.
Their data described the key features of the
menopause transition, which are still under investi-
gation today, almost 20 years later: (1) a
monotropic rise in FSH secretion, (2) continued
folliculogenesis and evidence of ovulation up to the
FMP, and (3) periods of hypoestrogenemia con-
comitant with large FSH rises. The loss of inhibin
restraint was first hypothesized by this group.

Metcalf followed perimenopausal women longitu-
dinally throughout their forties and fifties.48 This
characterization of the perimenopause included the
observation that the key feature of passage
“through” menopause was the subsequent complete
absence of luteal activity. Therefore, a permanent
failure of ovulation is the cardinal observation.
Within the first year after a woman’s FMP, vari-
able estrogen excretion was observed; thereafter,
estrogen excretion was abidingly low and basal.48,49

These results have been confirmed by others in
serum studies.

Using 6 years of prospective annual measures,
Burger et al. reported that mean FSH levels began
to increase from about 2 years before the FMP,
increasing most rapidly about 10 months before
the FMP, and had virtually plateaued by 2 years
after the FMP.50 Mean estradiol levels started to
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decrease about 2 years before the FMP, decreased
most rapidly around the time of the FMP, and had
virtually plateaued by 2 years after the FMP. 

Klein et al. reported the endocrinology of follicles
and peripheral hormones in women in their early
forties.51 Shortened follicular phases, apparent
accelerated folliculogenesis, and a monotropic
FSH rise were all confirmed in these women.
Follicle fluid was aspirated and compared to
younger controls. Follicle fluid in reproductively
aged women contained more estradiol and less
insulin-like growth factors than younger women,
despite fewer granulosa cells per follicle.51 Oocytes
contained aberrant meiotic spindles in abundance,
evidence for chromosomal damage to the oocyte
either due to its age alone or to inappropriate
paracrine/endocrine cues.52 These data emphasize
that reproductive aging begins earlier than previ-
ously believed (as early as age 40) and is happen-
ing in a very significant way before menstrual
cycles become irregular and certainly before
women notice any symptoms. This becomes partic-
ularly poignant in the office setting when healthy
women in the older reproductive age group are
informed of their poor fertility potential despite
their robust, asymptomatic status.

Santoro et al.53 observed a small cohort of women
in the mid-perimenopausal years when menstrual
cyclicity was beginning to deteriorate. Compared
to younger women, these perimenopausal women
had evidence of greater estrogen excretion in con-
junction with elevated FSH and LH concentrations
and decreased luteal phase progesterone metabolite
excretion.53 Irregularities of menstrual cyclicity
were characterized by occasionally dramatic excur-
sions of estrogen well beyond the normal range for
younger women. Thus, “skipped” cycles in the
perimenopause may be due to either failure of fol-
liculogenesis and hypoestrogenemia or accelerated
and sustained estrogen secretion. These findings
have recently been confirmed in a larger, epidemi-
ologic sample of perimenopausal women.54 The
common gynecological problems of women in the

perimenopause, such as dysfunctional uterine
bleeding, growth of uterine leiomyomata, and the
frequent utilization of dilatation and curettage
(D&C) and hysterectomy for women in this age
group, may be explained by the persistence of
these hormonal patterns.

4.2 FSH, Inhibins, and Reproductive Aging

The monotropic rise in FSH that accompanies the
onset of the menopause transition has
been known since the 1970s.47 At that
time, the prevailing notion was that a
lack of inhibin “restraint” of FSH
caused the elevation, the so-called
“inhibin hypothesis.”47 Inhibins are
molecules in the transforming growth
factor-β (TGF) peptide superfamily.
(See also ch. 5, sec. 6.) They are 
produced by the granulosa cells of the
ovary. They are heterodimeric, consisting of a
common alpha subunit and a specificity-providing
beta subunit. Inhibin A appears to be expressed in
large, dominant follicles and the corpus luteum
while inhibin B appears to be a product of small 
follicles.55 Although they were believed to act via
specific binding to a cell surface receptor, inhibin
receptors have only recently been identified.56

Thus, two decades after it was proposed, the inhib-
in hypothesis has been confirmed by measurement.
Diminished inhibin A and B have been reported in
the circulation of older reproductive-aged
women.57–60 Elevated FSH in perimenopause may
be more tightly linked to this loss of inhibitory
tone, rather than to decreased estradiol production
by the perimenopausal ovary. At the early stages of
the menopause transition, women appear to be
estrogen replete and do not demonstrate evidence
of decreased estradiol until they are within several
years of their FMP.50–53 In fact, in some peri-
menopausal women, the elevated FSH may lead to
“overshoot” and the consequent production of sup-
raphysiological amounts of estradiol.53–61 Follicular
phase inhibin B appears to be detectably decreased
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in the early perimenopause, concomitant with the
rise in FSH.50 As the transition progresses, follicu-
lar phase inhibin A declines detectably as well,
perhaps as a later event.50

In addition to these early changes in inhibin A and
B, activin A has been shown to be elevated in peri-
menopausal women.58,60 Activins are the beta
homodimers of the inhibin molecules and exist as
activin A and B. While they clearly play a local
role in pituitary FSH secretion, their ability to 
act as endocrine factors influencing the production

of FSH is not established.
Moreover, activins circulate
bound to follistatin, their serum-
binding protein. The relatively
high affinity of follistatin for
activin, as well as its abundance
in serum, suggests that activin
may exert most of its effects in a
paracrine or autocrine, and not
endocrine, fashion.

4.2.1 Androgens in the Perimenopause

Circulating androgens in women reflect contribu-
tions from adrenal, ovarian, and peripheral
sources. When relatively stable adrenal hormones,
such as dehydroepiandrosterone sulfate, are mea-
sured, a dramatic decline is observed across the
adult lifespan.62, 63 An independent effect of the
process of menopause on circulating adrenal
androgens has not been observed.

Together with the age-related decline in adrenal
androgen production, ovarian androgens, particu-
larly testosterone and androstenedione, decrease
throughout adult life as well.64,65 Metabolites of
dihydrotestosterone demonstrate the most precipi-
tous declines between the ages of 20 to 40 years.63

While some studies suggest that a small
menopause-associated decrease in testosterone
occurs,66,68 other longitudinal, prospective studies
have not documented any acute decrease in testos-
terone or androstenedione associated with the
menopause transition.69,70 The modification of

testosterone bioavailability by sex hormone 
binding globulin (SHBG) may play a role in peri-
menopausal physiology; however, it is controversial
as to which direction SHBG changes across
menopause, with some studies observing a
decline67,70 and others an increase.69 It seems clear
that the major decline in circulating testosterone
occurs well before the menopause transition.65

Based upon current well-designed studies and
including observations about both adrenal and
ovarian androgens, the medical “myth” that
menopause is associated with an acute drop in
androgens does not appear to be tenable any longer.

4.2.2 Neuroendocrine Changes

The loss of “positive feedback,” that is, the ability
to respond to an estradiol challenge with an LH
surge, appears to be another feature of the peri-
menopause which leads to potential morbidity for
women.71 It is unclear why this ability is lost, as it
appears to be regained in the postmenopause,
when LH surges in response to estrogen challenge
have been well documented.72,73 Perhaps the other
concurrent abnormalities of the endocrine milieu
predispose women to this temporary state. It may
be the result of enhanced susceptibility to the neg-
ative feedback of estradiol.60,74

Whereas in young premenopausal women estradiol
is the major circulating estrogen, estrone becomes
the dominant estrogen after menopause. Estrone is
produced primarily by peripheral aromatization of
androgens.75 Aromatization takes place in the adi-
pose tissue, muscle, bone marrow, skin, brain, and
other tissues. Estrone is less potent than estradiol.
The postmenopausal concentration (20 to 60
pg/mL) of estrone equals or surpasses the range
observed in healthy premenopausal women. The
conversion of androgens to estrogens (mostly
estrone) increases from approximately 1.4 to 2.7
percent in premenopausal compared to post-
menopausal women.

Considering the

high incidence of

hysterectomy in

some countries,

this observation is

clinically relevant.
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4.3 Menstrually Defined Menopausal Status

Most observational studies of changes in health
outcomes related to menopause have tried to sub-
characterize the perimenopausal years based on
changes in menstrual status.76 The Korpilampi
Workshop in 198577 defined the boundary between
the premenopausal and perimenopausal states by the
reporting of changes in menstrual flow and/or reg-
ularity. They identified that the reliability of such
definitions for predicting the further movement to
postmenopause had not been sufficiently studied.

Brambilla et al.29 proposed a method for opera-
tionally defining the onset of perimenopause as (1)
a self-report of 3 to 12 months of amenorrhea, and
(2) for those without amenorrhea a self-report of
increased menstrual irregularity. They stated that
validation of this definition would require the
examination of longitudinal hormonal changes
with changes in the menstrual cycle.

Using prospective data, the Melbourne Women’s
Midlife Health Project76 found that women who
reported not having had a menstrual period in the
last 3–1 months were older, had lower estradiol
and inhibin levels and higher FSH, and were more
likely to report hot flushes and to self-rate them-
selves as having started the menopausal transition,
compared with women who had menstruated in the
last 3 months. Subsequent analysis from the same
project compared retrospective self-reports of men-
strual status with prospectively kept menstrual
diary data78 for women reporting at least one men-
strual period during the previous 3 months. This
study found that no significant agreement exists
between retrospective self-reports and prospective
diary-based measures of change for cycle frequen-
cy nor for flow. Thus, retrospective self-reports at
interview of changes in menstrual frequency and
flow should not be regarded as reliable measures
for the purpose of determining menopausal status.

4.3.1 Hormone Measures

Relatively few studies have undertaken any hor-
monal determinations. Endocrine change occurs
for some years prior to the cessation of
menopause,50 so it is important to acquire measures
while women are still menstruating regularly, some
years before menses cease. Other issues involved
in hormone measures have been those of the fre-
quency of sampling (annual versus daily or weekly),
type of sampling (plasma, urine, salivary), phase
of the cycle sampled, and the presence of floor
effects due to the lack of sensitivity of assays at
the lower levels of estradiol and inhibin, which
occur in the postmenopause.

4.3.2 Age and Length of Followup

Age at baseline and length of followup are impor-
tant issues. Followup has often been only in the
order of 3 years.79–81 The Melbourne Women’s
Midlife Health Project found that after 3 years of
followup, only 12 percent
of women had become nat-
urally postmenopausal (12
months of no bleeding
after reaching their FMP).
At the end of 7 years of
followup, only 39 percent
of the women in this
cohort were naturally post-
menopausal, reflecting
splintering of the sample as
well as length of followup. 

4.4 Natural Menopausal Transition Versus
Induced Menopause

A major problem in menopause research has been
to establish the health experiences associated with
natural menopause and how these may differ when
menopause is induced. A number of studies suggest
that symptom experience is likely to be worse
when women have undergone surgical menopause.82

Documentation of medical treatment, which may
impact ovarian functioning (surgery, chemothera-
py, irradiation), and documentation of medication

Whereas in young 

premenopausal women

estradiol is the major

circulating estrogen,

estrone becomes the

dominant estrogen after

menopause.
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taken by women are needed so that these women
may be treated separately in the analysis. The
available data show that after hysterectomy
menopause occurs earlier. The mean age of ovarian
failure in the hysterectomized group was 45.4 ±
4.0 years (standard deviation) and was significant-
ly lower than the mean age of 49.5 ± 4.04 years in
the nonhysterectomized control group (p < 0.001).83

Considering the high incidence of hysterectomy in
some countries, this observation is clinically rele-
vant. In the United States, one woman in three
undergoes hysterectomy by age 65. The rate in the
European Union nations ranges from 6 to 20 per-
cent.84 In the 1980s, of a total sample of women in
six European countries, 11.4 percent had under-
gone hysterectomy, the highest percentage being
found in Italy (15.5 percent) and the lowest in
France (8.5 percent).85 In Europe, the prevalence of
surgical procedures is higher in privately insured
persons than in persons with only basic insurance.
Among 25- to 74-year-old privately insured
women, the lifetime prevalence of a hysterectomy
is 30 percent with low educational status and 13
percent with high educational status (p < 0.001).86

A European woman without education has a RR of
2.2 (1.1–4.4) for hysterectomy compared to an
educated woman.87 Similar data are reported from
the United States.88 In the United States, hysterec-
tomy rates increased with age, and rates for black
women slightly exceeded the rates for whites.89

Hysterectomy with ovarian preservation is associ-
ated with increased risk of high diastolic blood
pressure, diagnosis of hypertension, and increased
BMI but is not associated with other heart dis-
eases.90 Women who underwent hysterectomy
reported more discomfort and frequent symptoms
of urogenital atrophy.91

4.5 Exogenous Hormones

Exogenous hormones may mask the effects of
changing ovarian function, so that women taking
the oral contraceptive pill or any HRT must also be
treated separately in analyses. In many countries, an
increasing number of women are choosing to adopt
HRT, and this may lead to a splintering of the sam-
ple and even to insufficient numbers to examine
the effects of the natural menopausal transition.
Holte reported that sample size in a longitudinal
study over 5 years was reduced from 200 to 56.92

Prospective studies allow the profile of those who
adopt HRT to be compared with that of nonusers,
in order to elucidate any biases which are related
to hormone selection and which may affect the
endpoint.93

5. QUALTIY OF LIFE AND MENOPAUSE

Concepts of quality of life vary from measures of
subjective well-being, symptoms, or other indica-
tors of health status to that of functional status.
Assessing the impact of a condition on quality of
life is particularly relevant. A range of measure-
ment tools are available for monitoring how cli-
macteric symptoms affect patients with regard to
their well-being, sleep disturbance, other somatic
symptoms, and cognitive and sexual functioning.
Only standardized and well-validated measurement
tools should be used.

The close association between lifestyle and health
is generally recognized. Much is still to be learned
about the reciprocal influences of lifestyle, deci-
sion to use HRT, and quality of life. The most rele-
vant factors influencing a woman’s quality of life
during the menopause transition appear to be her
previous emotional and physical health, her social
situation, her experience of stressful life events
(particularly bereavements and separations), as
well as her beliefs about menopause and aging.
Those who seek medical help for menopausal
problems tend to report more physical and psycho-
logical problems in general. They are more likely
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to be under stress and to hold particular beliefs
about the menopause.94

Health and quality of life related to menopause
may be enhanced by providing: (1) balanced infor-
mation about the menopause to women and to their
families; (2) discussion of attitudes towards the
menopause, with the promotion of positive attitudes
towards aging and menopause; and (3) health pro-
motion sessions focusing upon healthy lifestyles 
of balanced diet, daily exercise, and cessation of
smoking.94

6. FUTURE NEEDS

• Markers of a woman’s proximity to menopause
are lacking. More menstrual diary research studies
with concurrent hormone measures are needed
to identify biomarkers of menopausal status.

• More research is needed on fertility and contra-
ception in the perimenopause.

• Further understanding is needed about the 
reciprocal influences of lifestyle, decision to use
HRT, and quality of life.

• Providing women and their families with bal-
anced information about menopause, fostering
positive attitudes towards aging and menopause,
and encouraging healthy lifestyles may improve
their health and quality of life related to
menopause.
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