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Introduction
The female reproductive axis is unique in that it reaches a senescent state when other organs
in the body are generally healthy. The process of oocyte depletion, which begins before birth
and ends with menopause, cannot be predicted precisely by chronological age, as its age of
onset varies greatly between women. However, a clinical staging system exists, which
makes it possible to identify where a woman is in her process of reproductive aging based
on her bleeding patterns, which is a better predictor than her age. Staging is useful for
several reasons, among them providing a means to attribute women's symptoms during this
time to menopausal changes, predicting time to final menstrual period, and identifying
health risks. There are now well described symptoms that are linked to specific time points
along the menopausal transition, thus validating the concept that menstrual cycle disruption,
along with its underlying hormonal changes, are responsible for the common symptoms of
the menopausal transition. Moreover, evidence is accruing that at least some menopausal
symptoms not previously attributed to estrogen deficiency are successfully treated by
exogenous hormones.

In this review, we will describe the known hormonal changes that occur across the
menopausal transition and their association with various symptoms and markers of health in
women traversing the menopause. We will base our conclusions on the major findings of
large chohort studies (N>300) that have been community or population based. Finally, we
will present key clinical scenarios in which short term menopausal hormone therapy is likely
to be effective.

Staging Reproductive Aging
The STRAW System

The first nomenclature for the stages of the menopausal transition was developed at the
Stages of Reproductive Aging Workshop (STRAW) in Park City Utah in July 2001.
Although the Tanner/Marshall staging system is well established for defining the stages of
puberty (1), prior to the STRAW workshop there was no similarly accepted system for
defining the stages leading to menopause (2). Evidence along with expert opinion was used
to develop the staging nomenclature (2).

The STRAW stages are shown in Figure 1. The final menstrual period (FMP), Stage 0,
anchors the stages, which are numbered from −5 to +2 (2). The reproductive interval
includes stages −5 to −3. In the early reproductive stage, stage −5, menstrual cycles are
variable to regular and follicle stimulating hormone (FSH) is well within the normal range.
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This interval refers to the post-menarcheal period, before menstrual cycles become regular
after menarche, which demonstrates considerable inter-individual variation. In the peak
reproductive stage, −4, cycles are regular (every 25–35 days; (3)) and FSH remains normal.
Again, the duration of this stage is variable (2).

The late reproductive stage, −3, encompasses a period of regular cycling during which time
elevated FSH begins to occur, heralding a biochemically, but not otherwise clinically
detectable decline in ovarian reserve (2). Most clinical assays use a 10 mlU/ml FSH level as
the cutoff value between normal and diminished ovarian reserve. It is preferable but not
always feasible to determine a threshold for the value specific to the laboratory that exceeds
two standard deviations of the mean in a young control population at peak reproductive
capacity. An elevated estradiol level (>80 pg/ml) in the early follicular phase of the
menstrual cycle is of similar significance to an elevated FSH, and can actually suppress
FSH, thereby masking the diagnosis of diminished ovarian reserve. An early follicular FSH
determination should therefore be interpreted in concert with estradiol. Early follicular phase
elevations in FSH are typically intermittent, and therefore difficult to detect with a single
sampling. Some women in this late reproductive stage (−3) begin to experience symptoms
generally associated with perimenopause, including vasomotor symptoms, breast tenderness,
insomnia, migraines, and premenstrual dysphoria (2).

The menopausal transition begins when a woman experiences either: a. a change in her usual
intercycle interval of >7days or b. a skipped menstrual period. It is divided into early and
late stages, −2 and −1. FSH elevations are greater and more likely to be sustained from
cycle to cycle during this time. In the early transition, amenorrhea is intermittent and
relatively infrequent. The late transition begins when a woman skips at least two cycles and
experiences at least 60 days of amenorrhea.

The postmenopause is divided into two stages in the STRAW nomenclature. It begins with
the early stage, +1, defined as the first five years after the final menstrual period. This period
of time is further divided into a and b, with a being the first year of amenorrhea and b being
the next four years (2). This period is significant for being a time where ovarian hormones
undergo further decline, with some intermittent fluctuations. It is known to be a time of
accelerated bone loss. Stage +2, the late postmenopausal stage, begins five years after the
final menstrual period and continues until demise. FSH remains elevated throughout
postmenopause, although over long periods of time FSH eventually declines.

Other Staging Systems
The 60-days amenorrhea definition for the late transition differed from the previously
accepted 90-days amenorrhea interval used to define entry into the late menopausal
transition (4). In the ReSTAGE study, performed subsequent to STRAW, Harlow, et al,
compared four definitions of this stage: the 90 and 60-day intervals, a 42-day running range
(using the difference in days between the shortest and longest cycles in a defined time
period), and the skipped cycle definition (5). Based on their analysis of prospective
menstrual calendar data from the TREMIN Trust, Melbourne Women's Midlife Health
Project, Seattle Midlife Women's Health Study, and Study of Women's Health Across the
Nation (SWAN), they recommended the use of the 60-day interval (5). This was because,
while the latter three criteria occur in more women than the 90-day criterion and are equally
predictive of the FMP, the 60-day interval is the most easy to use in clinical practice (5).

The menopausal transition ends with the FMP (stage 0), which must be determined
retrospectively once a woman has reached menopause, defined as amenorrhea for at least 12
months (2). It is in stages −1 and +1 that women tend to experience the most menopausal
symptoms (2).
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Gracia, et al, compared the STRAW staging definitions with the earlier staging system used
by SWAN and their newly developed PENN-5 definition (Table 1). The goal of the study
was to determine how well each staging system could be validated by corresponding
hormonal changes (6). They followed 427 women ages 35–47 years at baseline for 5 years,
including 2263 total observations (6). The women all had regular 22–35 day cycles for 3
months prior to enrollment. Each kept a menstrual calendar and had blood sampled for
hormone assays between days 1 to 6 of two consecutive menstrual cycles. Hormones of
interest included inhibin B, FSH, LH, Estradiol, DHEAS, and testosterone. They found
significant differences in mean inhibin B and FSH levels between the premenopausal and
early transition stages of each definition as well as in the extra stage added to the PENN-5
system (6). There were significant differences in LH in the earliest stages of SWAN and
STRAW that were not detected in the PENN-5 definition. There were not significant
differences in estradiol levels among the premenopausal and early transition stages using
any of the staging systems. Similarly, there were no statistically significant differences in
testosterone or DHEAS between adjacent stages of any of the systems (6). Adding an
additional stage in the early transition period that correlated with statistically significant
changes in inhibin B and FSH levels suggests that ovarian reserve can be observed to
decline well before overt cycle abnormalities occur. These subtle changes imply that even a
single change in cycle length for women in this age group (35–44) should be taken seriously
by the physician and considered a reason for counseling patients about the possibility of an
early menopausal transition or a reduction in fertility.

Hormonal Correlates of Stages of Reproductive Aging
Melbourne Women's Midlife Health Project

The Melbourne Women's Midlife Health Project (MWMHP) was one of the first major
longitudinal studies of the menopausal transition (7). It began with 2,001 women from
Melbourne, Australia, aged 45–55 years, who were recruited by random digit telephone
dialing (8). The natural history of the menopausal experience was documented in 438 of
these women in a population based cohort study starting in 1991 that included annual
follicular phase blood samples, menstrual calendars, bi-annual bone mineral density
measurements, and home interviews assessing quality of life and physical measures (8).
Eligibility included having at least one intact ovary, a menstrual period within the last 3
months, and absence of hormonal therapy (8). The retention rate at the final 9th year of the
study was 88% (8).

One major objective of the Melbourne study was to quantify average hormone levels during
the menopausal transition and to determine their correlates (9). In 1995, Burger et al.
published cross-sectional data from 380 women in the Melbourne Women's Midlife Health
Project (MWMHP) concluding that an increase in serum FSH and decreases in estradiol and
inhibin were the major endocrine changes associated with the menopause transition (10).
This conclusion was based on comparisons of serum hormone levels between women
divided into five menstrual cycle-based groups associated with different stages of the
menopausal transition (10). In 1998, a longitudinal analysis of the same data (i.e., following
each woman over time) indicated that a significant decrease in inhibin B was the first
endocrine marker of the early transition (11). These data were based on group comparisons
during the 3rd year of the longitudinal study: single serum samples obtained between cycle
days 3 and 8 in 110 regularly cycling women (or at random in those with amenorrhea or
irregular cycles). FSH was slightly but not significantly raised when comparing
premenopausal to early peri-menopausal women (who reported changes in cycle frequency
within the past year in addition to a bleed within the past 3 months); inhibin B levels were
significantly lower in the latter group (11). Significant falls in E2 and inhibin A as well as
elevations in FSH were observed when comparing early perimenopausal to late
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perimenopausal women (who reported amenorrhea for 3 or more of the preceding months)
(11).

In 1999, the MWMHP group published conclusions based on 6 years of longitudinal data
analysis of serum FSH, circulating estradiol (E2), and inhibin A and B in 150 women who
experienced their FMP during follow-up; a total of 795 blood samples were taken (average,
5.3 per woman; Figure 2) (9). The 18 months on either side of the FMP correlated with the
greatest change in FSH; levels increased 5 fold during this time from an average of 17.5 to
100.5 (9). Significantly, the association of FSH levels with time to FMP was found to be
stronger than the association of age with time to FMP (9). The modifying effects of age and
BMI were both statistically significant: between ages 46–54, log(FSH) increased linearly
then flattened by age 56; BMI was inversely related to FSH (9). Mean estradiol levels were
largely variable during the premenopausal years, then began to decrease about 2 years
before the FMP(9). The maximum rate of change was at the time of the FMP, followed by a
plateau within 2 years (9). Estradiol was affected by age, as log(E2) decreased almost
linearly between ages 48 and 56 years, but the magnitude of change was less than for FSH;
BMI was not observed to be related to E2 (9). Inhibin A and B levels also decreased prior to
the FMP: inhibin A decreased by 50% in the 2.5 years before the FMP, inhibin B by 40%
(9). This was the first longitudinal study to report changes in inhibin in relation to
menopause (9). Although this study identified hormonal trends in the few years on either
side of the LMP, it did not identify a reliable hormonal marker of menopausal status for an
individual woman. Nonetheless, the Melbourne investigators helped to clarify the time line
of hormone changes in a longitudinal cohort, and identified the loss of inhibin B, likely
associated with a critical reduction in the size of the follicle cohort, that heralds the
transition. This observation helped explain the clinical finding that ovarian reserve and
fertility potential declines long before any observable, major disruption in menstrual
cyclicity.

The MWMHP also measured testosterone and its binding protein, sex hormone binding
globulin (SHBG) in a total of 1046 blood samples taken from 172 women ages 46–62 years
(12). Mean SHBG was found to decrease during this time, most abruptly between −4 and −2
years from the FMP; however, after adjusting for other factors about one third of this decline
was found to be due to decreases in estradiol and increases in BMI (12). The free androgen
index (FAI) increased with time relative to the FMP, consistent with the decline in SHBG,
which is the primary carrier for circulating testosterone. FAI was positively associated with
BMI but not associated with age or estradiol (12). Total serum testosterone was not found to
change during the menopausal transition. DHEAS did not change relative to FMP but did
decrease with age (12). Taken together, these findings do not support the notion that women
become suddenly or dramatically deficient in androgens with passage through the
menopausal transition.

Study of Women's Health Across the Nation
The Study of Women's Health Across the Nation (SWAN) is a prospective cohort study of
the natural menopausal transition that began in 1995. (13) Participants include a
representative, community-based sample of African-American, non-Hispanic Caucasian,
Chinese, Hispanic, and Japanese women from multiple sites across the country (13). The
initial cross-sectional study to identify women for the longitudinal study included 16,065
randomly selected women aged 40–55 years (13). Eligibility criteria included age 42–52
years, an intact uterus and at least one ovary, no current exogenous hormone use, at least one
menstrual period in the previous 3 months, and self-identification with one of the designated
race/ethnic groups (13). From the cross-sectional study, 6557 women were found to be
eligible for the longitudinal study; 3306 women participated (13). SWAN has a number of
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substudies that assess bone density, psychiatric morbidity, sleep and cardiovascular markers
such as carotid intimal medial thickness and coronary calcium accrual in relation to
menopause. Some of the major contributions of SWAN have served to clarify the
relationships between menopausal stages, hormones and intermediate disease outcomes. Key
findings include:

• A strong association with progression from the early to late menopausal transition
and increased hot flashes, depressive symptoms and major depression(14, 15).

• Serial study of bone mineral density reflects a similar trajectory to symptoms in
that the late menopausal transition is the stage at which bone demineralization
becomes detectable(16).

• Transient short term memory deficits associated with the late transition and
amenable to hormone treatment, but only if it is given prior to the FMP (17).

• A general trend towards increased total cholesterol, LDL, and apolipoprotein B
associated with progress through the transition(18) and, a loss of the protective
effect of HDL as women become postmenopausal(19).

The Daily Hormone Study of SWAN will be presented in detail in the next section.

The Penn Ovarian Aging Study
The longitudinal Penn Ovarian Aging Study (POAS) that took place from 1995 to 2007
included a cohort of 436 women identified by random-digit dialing in Philadelphia County,
Pennsylvania (20). The group included equal numbers of African American and white
women (n=218) ages 35 to 47, all of whom had regular menstrual cycles for the previous
three cycles, intact uterus, and at least one ovary (20). Women using psychotropic or
hormonal medications, were pregnant or breast-feeding, had serious health problems known
to compromise ovarian function, or had a history of alcohol or drug abuse within the past
year were excluded (20). The data were collected during twelve assessment periods, the first
6 at approximately 8- to 9-month intervals, and the remaining conducted annually with a 2-
year gap between periods 10 and 11 (20). Blood was drawn for hormone level assessment
during days 1–6 of the cycle in two consecutive menstrual cycles or 1 month apart in
noncycling women, therefore a maximum of 24 hormone samples per participant (20).
Additional information collected included anthropometric measures, an interview
questionnaire about overall health, and a self-assessment concerning perception of overall
health (20).

As mentioned above, Gracia, et al, devised a staging system that captured women at the
earliest stages of the menopausal transition. The POAS focused on predicting entry into the
earliest stages of the menopausal transition. They further investigated this staging system in
2009, at which time the authors' objective was to estimate the probability and identify risk
factors for entering the transition to menopause as well as moving into each stage (21). They
used the PENN-5 staging definitions as described above. Data from 9 years of the PENN
ovarian aging study was used, including 10 assessment periods of 436 women (out of which
125 discontinued before the 9 year completion) (21). The likelihood of entering the
menopausal transition and moving into each subsequent stage was increased for each unit
increase in FSH (P<0.001) and with each unit decrease in inhibin B (P<0.001) in the
adjusted multivariable model (21). The women in the late transition (stage 4) had the largest
change in FSH, compared to women in the early transition (stage 3; odds ratio= 1.9
[95%CI=]; (21). Decreases in inhibin B resulted in odds ratios similar to FSH (21). Current
smoking increased the odds of transition into each stage (odds ratio 1.3, CI 95%)(21). BMI,
alcohol use, and age at menarche were not significant predictors of the transition; age and
race predicted transitions in some but not all stages. Estradiol levels did not change as
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significantly between stages but higher levels increased the odds of entering the transition
(P=0.013) (21).

The POAS was the first study to determine associations between depression and hormonal
changes during the transition to menopause. Using the cohort described above with 6
assessment periods over a 4 year interval and adjusting for known predictors of depression,
they found an increased likelihood of depressive symptoms during the transition to
menopause that decreased after menopause (22). These symptoms were almost twice as
likely in the early transition phase and decreased with age (22). This was consistent with
earlier SWAN findings that early perimenopausal women had higher rates of psychologic
distress (23). This likelihood was lower for those with a rapidly increasing FSH but higher
for those with increasing estradiol (22), which occurs in the early transition (24). They later
had similar findings with a 9 year longitudinal assessment of the same cohort: depressed
mood was again found to be increased in the early menopausal transition and then
significantly associated with progression through stages of the transition after adjusting for
other risk factors (25). Again, incidence of depressed mood significantly decreased
postmenopause (25). Subsequent to these findings, others have demonstrated the
effectiveness of exogenous estradiol (50–100mcg transdermally) in treating menopausal
transition-related depression and depressive symptoms (LEE COHEN, CLAUDO
SOARES).

This group also made important contributions in terms of showing associations between
obesity and hormonal markers of ovarian reserve. They showed that antimullerian hormone
(AMH) and inhibin B were both negatively associated with body size (26, 27). They further
examined these associations in 2008 in a cross-sectional study measuring the AMH and
inhibin B levels along with antral follicle counts of 36 women 40–52 years, with half of the
women with a BMI<25 and half with a BMI>25 (without PCOS) (28). Adding antral follicle
count as a measurement of reserve helped to distinguish if the previous associations between
AMH, inhibin B, and obesity were due to decreased ovarian reserve in obese women or the
effects of obesity on ovarian hormones, whether it be in production, sequestration, or
clearance(28). They found significanly lower levels of AMH in obese vs. normal weight
women. Inhibin B was also lower in obese women compared to normal weight women, but
the group difference was not statistically significant (P=0.08). An ultrasound assessment of
antral follicle count (AFC) was also lower in obese women compared to those of normal
weight, but statistically significantly so (28). These findings are consistent with the idea that
altered AMH levels in obese women are affected by reasons other, or in addition to,
decreased ovarian reserve.

They later studied the relationship between obesity and reproductive hormone levels in the
menopausal transition period using linear regression models with data from a larger group of
women (20). They compared hormone levels between obese and nonobese women at
different stages of the transition. The study included all 436 participants for 12 years; 137
women discontinued the study before the 12 years were up (20). Premenopausal obese and
overweight women had significantly lower estradiol levels compared with nonobese women;
this was independent of age, race, and smoking (20). In the postmenopausal period,
however, obese women had relatively higher estradiol levels (20). Their inhibin B findings
suggested an earlier decline in ovarian reserve in obese women: premenopausal obese
women had significantly lower levels than premenopausal nonobese women but this actually
reversed in the late transition stage (20). Somewhat counterintuitively, FSH was found to be
lower in postmenopausal obese compared with nonobese women and not significantly
different early in the menopause transition (20). In addition to BMI, waist circumference and
waist-to-hip ratio were examined; these correlations were similar to the BMI findings (20).
Taken together, the data suggest that obesity adversely affects markers of ovarian aging that
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come from the ovary (i.e., estradiol, AMH, inhibin), such that it appears obese women have
less ovarian reserve, but pituitary hormones (FSH, and in some studies, LH) are lower in
obese women relative to non-obese women, suggesting that both hypothalamic-pituitary
suppression and reduced ovarian function characterize obesity. Despite these differences in
pituitary and ovarian hormones between obese and non-obese women, there is no observed
difference in age at menopause between the two groups.

Seattle Midlife Women's Health Study
The Seattle Women's Health Study (SMWHS) studied the natural menopausal transition
from 1990 to 2006 in a population-based cohort. The focus of these studies was symptoms,
hormones, stress, and stages of the menopausal transition. Participants provided annual data
by questionnaires, menstrual calendars, and health diaries; in 1996 a subset began providing
3-day monthly diary data as well as first morning voided urine specimens 8–12 times per
year for endocrine assays (29). This went through 2000 and then was quarterly from 2001 to
2005 (29). In 2000, based on data from 184 midlife women in their study, they classified
women into three stages of the transition: early (flow and/or cycle length changes by at least
7 days), middle (irregularity without skipping), and late (skipped periods, with the cycle
length exceeding 60 days) (30).

In 2009 they published data about cortisol levels during the menopausal transition (using the
stages they defined in 2000) from 132 women in their cohort (31). Their hormonal levels
were calculated from urinary assays from the first-voided morning urine on day 6 of the
menstrual cycle. Overnight cortisol levels were associated significantly with estrone,
testosterone, FSH, epinephrine, and norepinephrine levels (31). However, they did not find a
correlation between these levels and perceived stress or to severity of perimenopausal
symptoms, suggesting the levels were more related to biological factors rather than a
response to stressors (31). In terms of the stages, cortisol progressively increased from the
late reproductive period to the late transition, then decreased by early postmenopause (31).
Furthermore, they later looked at 418 women in their cohort who had at least one elevated
perceived stress from health reports and found that none of the hormonal or menstrual cycle
factors related to the menopausal transition were significantly associated with perceived
stress (29). This included stage in transition, hot flashes, estrogen levels, FSH levels, and
hormone therapy use; however, depressed mood, employment (positive association), and
perceived health were all associated with perceived stress (29).

Menstrual Cycle Hormone Changes Across the Transition
Annual or semi-annual hormone measurements have typically been confined to the follicular
phase of the menstrual cycle or taken at random. This sampling paradigm, while practical,
leads to incomplete information about the luteal phase of the menstrual cycle and does not
allow investigation of the physiology of the process of folliculogenesis. The first
investigation of the daily hormone patterns of older reproductive women was carried out by
Sherman, et al (32). Three cardinal features were described for the menopausal transition
cycles studied: a foreshortened follicular phase, a monotropic elevation of FSH, and
decreased luteal progesterone production. These authors concluded that a relative lack of
inhibin was responsible for the FSH rise in the absence of follicle failure. Most of these
observations, based upon a cohort of only 8 women, have held up over time.

In the early 1980's, Metcalf, et al, performed weekly urinary sampling on relatively small
cohorts of perimenopausal women. In these studies, intermittent excretion of very variable
amounts of estrogen with similarly variable gonadotropin output were first described (33,
34). Although women no longer appeared to excrete progesterone after the FMP,
intermittent production of estrogen was observed (35). In a subsequent study of 100 women
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who underwent weekly urinary sampling, no decrease in luteal phase progesterone
metabolite excretion was observed, arguing against luteal dysfunction in association with the
menopausal transition (36). This latter point remains somewhat controversial and will be
addressed in detail in subsequent paragraphs.

A few investigators have examined follicle and oocyte dynamics in reproductive aging,
which provide further information. Klein, et al, examined ovarian follicle development and
sampled oocytes in reproductively aged women 40–45, all of whom reported regular
menstrual cycles (37). These studies showed an accelerated follicular phase, with normal
indices of follicle growth and a monotropic rise of FSH. The early follicular phase was
marked by early estradiol elevation. Santoro, et al, examined the follicle dynamics of older
women, who had already evidenced menstrual cycle abnormalities, and observed accelerated
folliculogenesis with ovulation at a smaller follicle size than midreproductive aged control
women (38). The accelerated follicular phase of reproductive aging women that had been
attributed to a decrease in inhibin B—even before it could be measured—has been
confirmed by multiple investigators (39–42). There may be further detrimental
consequences to this monotropic rise in FSH on oocytes themselves, as the oocytes of
reproductively aged women appear to have a disorganized meiotic spindle assembly (43).
Moreover, this loss of inhibin restraint may lead to `overshoot' of subsequent estrogen
production, as large excursions of E1c have been observed in conjunction with decreased
pregnanediol glucuronide (Pdg) in some studies of perimenopausal women (24).

The SWAN Daily Hormone Study (DHS) is an ancillary study to SWAN in which a
subcohort of 990 women collected daily, first-morning voided urine for an entire menstrual
cycle or for up to 50 days, whichever came first (44). This is the largest cohort study of
perimenopausal hormonal excretion patterns ever assembled. Women in the SWAN DHS
collected daily urine specimens (method described in Santoro et al (44)) for one complete
menstrual cycle or up to 50 days, whichever came first, each year. These urine samples were
assayed for excretion products of the pituitary and ovary. Women also kept a daily diary
with information about symptoms and social dimensions of each day during the frequent
urine collection periods (13).

Cross-sectional data analysis from the 848 women who comprised the first DHS collection
revealed correlations between hormonal patterns and age, ethnicity, smoking status, and
BMI (45). BMI was found to be strongly related to virtually all menstrual cycle
characteristics except E1c excretion. Women with a BMI greater than 25 were less likely to
have cycles with evidence of luteal activity, measured by a 3-fold increase in Pdg above the
nadir identified during the follicular phase (45), a modification of the method described by
Kassam et al (46). In addition to differences in cycle characteristics, they were found to have
lower overall excretion of gonadotropins and luteal phase progesterone metabolites,
indicating that body size may negatively affect corpus luteum function (45).

When comparing ethnic groups, Japanese- and Chinese-American women were found to
have lower levels of E1c excretion; the other hormones of interest were not associated with
ethnicity (45). Older age was associated with greater cycle variability, including longer and
more irregular cycles (45). Smokers were found to have reduced luteal progesterone
metabolite excretion but no significant differences in cycle length or other hormones (45).
Peak Pdg was also higher in a small comparison group of midreproductive-aged women
(45). No difference was noted in E1c between the the SWAN participants and the
midreproductive-aged women (45).

Later in 2004, SWAN investigators analyzed the hypothalamic-pituitary response to
estrogen in their participants to determine if modifications in this feedback loop occur at the
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onset of menopause (47). They focused on the 160 women in the DHS who did not have
luteal activity (19% of DHS participants) (47). These anovulatory women were classified
into three groups based on their hormonal patterns: group 1 had both an estrogen increase
and LH surge within 2 days (indicating normal ovarian function and a normal hypothalamic-
pituitary response to estrogen), group 2 had an estrogen increase only (this surge of estrogen
was adequate to elicit a surge in younger ovulating women, indicating appropriate ovarian
function but an inadequate hypothalamic-pituitary response to estrogen), and group 3 had
neither (these women had similar estrogen levels as the other groups throughout the cycle
but lacked the estrogen peak) (47). The percentages of days with hot flashes or night sweats
were significantly higher for group 3 women than for either group 1 or group 2 women (47).
The failure of estrogen to elicit an LH surge in Group 2 suggests that a decrease in estrogen
sensitivity accompanies the menopausal transition. This decreased sensitivity to estrogen is
consistent with the fact that exogenous estrogen is therapeutic for perimenopausal symptoms
(48) even though they may have equivalent or higher circulating estrogen levels than
younger women (24).

Among women with ovulatory cycles, body mass index is a major predictor of hormonal
patterns, with higher BMI tertile being strongly associated with decreases in all 4 menstrual
cycle hormones: LH, FSH, E1c and Pdg (45). As women completed consecutive years of
study, a small but significant decrease in luteal progesterone has also been observed, lending
credence to the concept that the menopausal transition is characterized by progressive luteal
dysfunction (49).

Anovulatory cycles become more common during the menopausal transition. In an initial
analysis of cycles in which Pdg excretion was not shown to rise, Weiss, et al, identified
evidence for abnormalities of hypothalamic-pituitary function in perimenopausal women.
These investigators described their findings as `estrogen insensitivity' inasmuch as failure of
an LH surge was observed in a proportion of these cycles in which a completely normal
duration and amount of E1c excretion was observed(47). In the 3-year longitudinal follow-
up study of the anovulatory cycles, it was observed that initially anovulatory cycles did not
necessarily represent a progression through the transition(50). In other words, women do not
appear to go from ovulatory to anovulatory cycles on a consistent basis as they traverse the
menopause. In summary, menstrual cycle studies of the transition have confirmed that the
early menopausal transition, when cyclicity is for the most part preserved, is characterized
by highly variable patterns of gonadotropin and sex steroid output. As women progress
through the transition, follicle failure appears to occur, and sex steroid production wanes
dramatically but intermittently. Eventually, menstrual cycles cease, but evidence of estrogen
production occurs for a period of 6 months to 2 years, after which time women achieve a
steady state of hypergonadotropic hypogonadism. These findings lend further strength to the
inhibin hypothesis, and indicate that the initial loss of restraint on FSH secretion leads to the
early transition patterns. Once follicle numbers become insufficient to sustain
folliculogenesis, uncompensated ovarian failure ensues and eventually becomes permanent.
Until that time, ovarian function can be highly erratic and may well account for the
symptomatology that so often accompanies the menopausal transition.

Predicting the FMP
Although much progress has been made in the past several years in terms of better
understanding hormonal correlates of reproductive aging and the menopausal transition, a
hormonal marker that predicts the timing of the FMP has not yet been clearly defined. This
would be clinically useful for several reasons, as it would justify measuring hormone levels
in the clinical setting for prognostic or diagnostic purposes. Both the North American
Menopause Society (51) and the American College of Obstetrics and Gynecology (52)
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recommend hormone use for the shortest possible duration; having an idea of when
perimenopausal symptoms could be expected to end would aid in decision making about the
duration of hormone therapy use. It could also aid in decision making about family planning,
whether it be method of contraception or timing of childbearing.

In 1982, Metcalf, et al, sought to find an ovarian marker of the FMP and came up with the
conclusion that “an endometrial rather than a hormonal event might determine the time at
which menstruation stops during the menopausal transition” (34). This was based on
hormonal data from weekly urine samples of eight women near the time of FMP (34).
Postmenopausal FSH and LH levels were similar to the elevated levels during the transition
when women were having long anovulatory cycles (34). However, and somewhat
surprisingly, estrogen levels were not consistently different when comparing the
postmenopausal and late transition periods. Both were lower than earlier time points along
the transition, but not as low as the subsequent postmenopausal levels (i.e., those found
more than 2 years after the FMP; (34). As mentioned above, the MWMHP also studied
hormonal trends near the time of the FMP without identifying a reliable hormonal marker of
menopausal status (9).

The Michigan Bone Health and Metabolism study group sought to find an endocrine
biomarker for predicting the FMP by studying hormone assays of AMH, inhibin B, and FSH
in 300 follicular phase specimens from 50 Caucasian women in pre- and perimenopause
(53). The data was obtained annually for 6 years and fitted to individual profiles with the
outcomes of interest being time to FMP and age at FMP (53). They concluded that out of the
3 hormones of interest, AMH was the best marker; however their assay was not sensitive
enough to follow levels sufficiently close to the FMP (53). AMH levels declined to low and
nondetectable levels 5 years before the FMP (53). Baseline AMH level was associated with
age at FMP (53). Similarly, inhibin B declined to nondetectable levels 4 years prior to the
FMP; however, baseline inhibin was not associated with age at FMP (53). FSH was not as
strongly correlated to time to FMP nor was it related to age at FMP (53). This was consistent
with previous findings by Burger, et al, that both FSH and E2 were not reliable markers of
menopause due to within- and between-subject variability (54). While their findings suggest
that low AMH may be a signal of the late stage of the menopausal transition, the clinical
usefulness of this association remains unrealized, likely due to technical limitations of assay
sensitivity.

Tehrani, et al, concluded that AMH was a good predictor of menopause status in late
reproductive-aged women (55). They studied 147 women ages 40–50 with regular cycles as
part of the Tehran Lipid and Glucose Study cohort with assessments three times at 3-year
intervals (55). 60 of the 147 women reached menopause during this time; they had an 88%
probability of predicting which women would not reach menopause within the next 6 years
based on an AMH threshold of 0.39 ng/mL (55). They found that over time women
“maintained the same relative position with respect to the age-adjusted mean leavel of AMH
in the cohort” (55). Previous studies have found minimal variability in AMH levels from one
cycle to another in individual women (56, 57). This lack of within-individual variation
supports the potential for clinical use of a single AMH measurement in late reproductive
women for predicting the FMP.

The ReSTAGE investigators sought to further refine the criteria for the transition to be more
predictive of the FMP occurring within 5 years by refining the use of markers of menstrual
cyclicity. They concluded that persistence, or recurrence of certain markers (in this case, 60
days of amenorrhea), within the next 10 bleeding segments after their initial occurrence,
increased the reliability of entry into the late menopausal transition for women in the 40–44
year age group (58). They found this persistence to be a better predictor of the FMP
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occurring within 5 years for women in this younger age group; for women between ages 45–
49, they concluded that a single 60-day interval remained a useful marker (58). Both repeat
bouts of prolonged amenorrhea in 40–44 year olds and a single bout of prolonged
amenorrhea in a 45–49 year old have a 0.85 probability of the FMP taking place within 5
years (58).

SWAN marshaled its longitudinal data to determine a set of variables for predicting timing
of the FMP. This study included 2,662 women, 706 of whom had their FMP (defined
retrospectively, after 12 months of amenorrhea) during the 6-year follow-up period (59).
They found several factors to be associated with a shorter time to FMP: more advanced
baseline age, greater number of vasomotor symptoms, and more variable or less frequent
menses (59). Baseline age was the strongest predictor; the effect was greater for non-white
than for white ethnic groups (59). Current smokers were 68% more likely to have an earlier
FMP than nonsmokers, including never or past smokers (59). Regular exercise and having a
higher educational level were both associated with a longer time to FMP (59). E2 levels
proved to have a complex relationship to the measured outcome: both low E2 and high E2
(>100 pg/mL) were associated with a shorter time to FMP (59). Women with a higher
follicular phase FSH levels at baseline had a shorter time to FMP, as expected (59). They
concluded that “in the most extreme cases, i.e., age 54, high estradiol level, current smoking,
and high follicle-stimulating hormone level, the FMP can be estimated to within 1 year”
(59).

Summary and Conclusions
The menopausal transition is an `irregularly irregular' period of midlife. It involves the
acquisition of irreversible ovarian infertility in a woman, along with permanent cessation of
menses. Changes in key ovarian markers that predict fertility are found well before any
menstrual cycle irregularity is observed. This `pre-clinical' period of ovarian senescence is
poorly defined and remains to be better characterized in non-infertile women. In between the
first onset of cycle irregularity and the final menstrual period, a series of hormonal changes
occur. The weight of the evidence suggests that these changes are saccadic and thus regular
menstrual cycles may disappear, only to resume again for a period of months to years. The
clinically observable transition from the early to the late menopausal transition seems to be
associated with the biggest increase in symptoms associated with menopause: hot flashes,
adverse mood, poor sleep and vaginal symptoms. Although most of these symptoms will
subside over time in a majority of affected women, short term treatment with hormones may
well be indicated to alleviate distress.

Many health and lifestyle related factors are associated with progress through the transition
and menstrual cyclicity. Of these, BMI is one of the most overweening covariates. Women
with higher BMI, although they do not have an earlier age at FMP, are much more likely to
report perimenopausal hot flashes, to have lower—not higher—reproductive hormone
secretion/excretion, to have heavier bleeding and to have more menstrual irregularity
preceding their FMP. Interestingly, the relationship between BMI and hot flashes changes
after menopause. After the FMP, the larger the BMI the lless likely a woman is to have hot
flashes. It is likely that adipose-derived estrogenic steroids protect the postmenopausal obese
woman, while other mechanisms subserve hot flashes when the same woman is younger and
still producing endogenous estrogen. Current research has been able to describe health
processes up to the FMP for many women; however, the question of whether or not long-
term health outcomes can be predicted by a woman's traversal of the menopause awaits
further follow-up.
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Although there is not a current test or battery of tests that can predict the FMP for any one
woman, some demographic and biochemical variables are becoming more prominent and
likely to help develop a model. Of all the hormones studied to date, AMH appears to be the
most promising marker. Further research is critical to characterize the hormonal patterns that
lead up to the FMP and how the hormonal environment of the postmenopause influences
later-life health outcomes.
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