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ABSTRACT
The menopause experience is unique to people with ovaries who attain an age at which functioning 
follicles are depleted. Unlike male reproductive aging, menopause is accompanied by a definable 
reproductive milestone in that menstrual periods cease and the failure of follicle growth results in a 
large drop in circulating estrogen and no further ovarian production of progesterone. While the focus 
on menopause has largely been centered on this absence of hormone production, the most dynamic 
changes in symptoms and health markers begin before the final menstrual period, and merit attention. 
Vasomotor symptoms, the most common symptom of menopause and the primary symptom that 
drives women to seek treatment, peak in frequency and prevalence in the late menopause transition, 
when women are still having menstrual periods. Body composition and adverse lipoprotein and lipid 
changes also worsen most acutely in the late transition, and then assume a slower, age-related trajectory 
of change. Multiple processes that worsen across the transition restabilize after it is over. The notion that 
the menopause transition is an adaptive process for women has scientific merit and suggests that 
facilitating this adaptation and recognizing its implications may represent the next phase of progress in 
the field.

Introduction

Menopause is having ‘a moment’. The lay press and social 
media are alight with information, advice and marketing of 
(often) untested products to treat this natural life transition 
[1]. A ‘new’ movement is afoot dedicated to eliminating 
menopause by preserving ovarian function into older adult-
hood [2]. In recognition of the detrimental impact that 
menopause, and the menopause transition (MT) in particular, 
can have on women’s careers, the UK’s Women and Equalities 
Committee (WEC) provided the government with a report on 
‘Menopause and the Workplace’ that contained recommenda-
tions to include menopause as a protected characteristic and 
to pilot a menopause leave policy in collaboration with large 
employers. Ultimately, Parliament rejected making any new 
sweeping regulations and left policy up to individual 
employers [3].

These developments indicate both promise and peril for 
those who provide healthcare for women in their perimeno-
pausal and postmenopausal years. Most worldwide clinical 
guidelines agree that menopausal women who are symptom-
atic and have no contraindications to their use have a favor-
able benefit-to-risk profile with hormone therapy. There are 
also a host of non-hormonal treatments, some now govern-
ment approved, to help those who cannot or do not wish to 
use hormone therapy to treat their symptoms. However, 
many non-evidence-based clinical practices are widely adver-
tised on social media and have gained popularity despite 

specific recommendations and evidence against their use, 
such as hormone pellets and compounded treatments, which 
are not recommended and have been shown to cause harm 
[4, 5] yet are widespread and have numerous, enthusiastic 
social media followers. Directing patients to appropriate 
treatment can therefore be challenging.

A second, important challenge lies in the appropriate tim-
ing of treatment. Most menopausal symptoms are at their 
worst during the late MT, when women have prolonged 
amenorrhea for >60 days but have not yet gone a full year 
without a menstrual period [6]. Hormone therapy at this time 
of life can be complicated by the concurrent need for contra-
ception and the risk of breakthrough bleeding with tradi-
tional menopausal hormone treatments. However, emerging 
evidence, which will be covered in detail in this review, indi-
cates that multiple markers of future health and disease also 
acutely worsen in the late MT. This worsening may be a her-
ald of future disease risk for any individual woman, which 
can be averted by instituting standard preventive measures. 
This timing supports the MT as a life transition when a 
woman can and should take stock of her overall health and 
proactively manage her health risks. On the other hand, it is 
also possible that the acute perturbations of the MT, if 
treated promptly, may avert adverse downstream health 
consequences.

This review will describe the hormonal processes that 
characterize the MT and the concurrent symptoms associated 
with its stages. Longer-term individual trajectories of change 
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in key symptoms and their implications for future health will 
also be discussed. Processes such as bone resorption, which 
accelerates in the perimenopausal years (a period of 2–5 years 
transected by the final menstrual period [FMP]) but then sub-
sides, will be differentiated from processes that seem to 
involve a permanent ‘resetting’ of incidence (such as meta-
bolic syndrome) beginning in the late MT.

The hormonal processes that lead to menopause 
are highly variable

The early MT

A number of longitudinal epidemiological studies of the MT 
over the past three decades have provided invaluable infor-
mation on the nature of the transition [7–10]. Burger et  al. 
were the first to describe the critical role of the shrinkage of 
the ovarian follicle cohort as the inciting event that initiates 
the MT [11]. As the ovarian reserve approaches a critical 
level, the restraint on follicle stimulating hormone (FSH) 
exerted by the inhibins, products of small and growing folli-
cles, is reduced. This loss of FSH inhibition leads to rapid fol-
licle growth, with evidence of excessive estradiol production 
in some cases [12], and maturation of the next cycle’s domi-
nant follicle in the preceding cycle’s luteal phase [13]. These 
processes result in less predictable menstrual cycles, and 
when the available follicles in a particular cycle are insuffi-
cient, a menstrual period is skipped. Mathematical modeling 
of the MT can predict these changing patterns as a function 
of the overall ovarian follicle reserve [14]. At this point in the 
MT, estradiol levels are not overall reduced, but they are cer-
tainly more variable. It is at this point in the transition that 
symptoms begin to increase. Others have theorized that 
there is a phase or phases that precede the transition called 
the late reproductive stage [6, 15, 16]. Symptoms associated 
with the late reproductive stage are similar but not identical 
to those of the MT. It is likely that ovarian aging is a contin-
uum, and women may present with symptoms earlier than 
their mid to late 40s; however, clear-cut clinical definitions 
are lacking, as is evidence for optimal treatments for the late 
reproductive stage. Given that the hormonal changes of the 
early MT include wider excursions of estradiol (and possibly 
progesterone), treatments designed to provide more stable 
circulating hormone levels, such as continuous combined 
hormonal contraception, may be the most effective. As men-
strual cycles (and ovulation) are frequent in the early MT, 
contraceptive needs may often drive treatment options.

The late MT

By the late MT, follicle reserve has become critically low and 
prolonged amenorrhea of at least 60 days and less than 
365 days has occurred. Circulating estradiol is notably lower, 
less progesterone appears to be produced when cycles do 
occur and intermittent periods of very low estradiol occur 
[17–19]. It is at this point in the transition that women report 
the largest increase in prevalence of typical menopausal 
symptoms. Treatments designed to minimize prolonged 

hypoestrogenemia while also providing stable hormone lev-
els are most effective at this point in the MT. While menstrual 
cycles are less frequent, ovulation may still occur and contra-
ception must be considered. However, excellent symptom 
relief can be achieved with standard hormone therapy dos-
ing, and the relatively infrequent menstrual cycles in the late 
transition make breakthrough bleeding less of a problem.

Patterns of change over time and their implications

The patterns of hormone changes over the transition include 
a rise in FSH and a decrease of estradiol, of course, but the 
rate of change of these two hormones is impacted by several 
characteristics. Obesity is related to a ‘flatter’ trajectory of 
estradiol decline. In other words, circulating estradiol is lower 
in women with obesity early in the MT, and after the FMP 
remains higher than in women without obesity, the latter 
likely due to extraglandular conversion of precursors to estro-
gens [20]. Reciprocal changes in FSH follow a flatter trajec-
tory as well, with a lesser menopause-associated rise in 
women with obesity compared to women of normal weight. 
These patterns may have implications for symptoms, because 
women with obesity are known to have more severe vaso-
motor symptoms before their FMP, but fewer report severe 
vasomotor symptoms once they are postmenopausal [21].

The trajectory of the transition itself may also be an 
important determinant of a woman’s menopause journey. 
Those who have an earlier onset of menstrual cycle changes 
and enter the MT at relatively younger ages tend to have 
a longer overall transition, and a more symptomatic one 
[22]. Of the two well-defined stages of the MT, the early 
MT is the more variable in terms of duration. Therefore, an 
early onset of the transition means that a woman will be 
exposed to the early MT stage for a relatively longer period 
of time. Such women may need longer periods of treat-
ment. It is known that the duration of vasomotor symp-
toms is longest for women who have an early onset in 
their premenopausal or early MT stages or if they appear 
at a relatively younger age [23].

Symptoms of the MT are worst during the late MT

Longitudinal cohort studies have proven invaluable in assess-
ing how symptoms change across the MT and have allowed 
for a disentangling of menopause and aging per se. The abil-
ity to examine the same participant over many years has also 
allowed for the ability to detect distinct patterns of change 
among women to further understand how these short-term 
patterns may predict longer-term health outcomes or risks.

Vasomotor symptoms peak in prevalence [24], and other 
‘classic’ symptoms of low estrogen appear and/or worsen, 
such as vaginal dryness and sleep complaints. Depressive 
symptoms are at their most prevalent during the late MT [25, 
26], and risk for major depression is at its highest [26]. 
Cognitive function, most typically working memory, worsens 
during the transition, but improves or stabilizes after the FMP 
and thereafter follows an age-related pattern of change [27]. 
The relationship of the MT to sleep, apart from its disruption 
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by vasomotor symptoms, has been debated by some [28], 
yet sleep remains a very common clinical concern for midlife 
women [29].

Menopause as an ‘accelerant’

For some health issues, menopause causes a temporary change 
that can be differentiated from change resulting from aging 
alone, which then reverts back to an age-appropriate curve. 
Body composition is one example. There is a small overall 
weight gain associated with the transition of about 2% on aver-
age, but lean body mass declines and fat mass increases by 
>5% [30]. Similar changes are seen with visceral fat mass and 
carotid intimal medial thickness [31]. After the FMP, visceral fat 
and carotid intimal medial thickness continue to accrue with 
age at a rate faster than they did in premenopause, but more 
slowly than they did during the MT. Low-density lipoprotein 
cholesterol (LDL-C) increases at almost twice its premenopausal 
rate during the year before and after the FMP and then returns 
to its much slower premenopausal rate of increase [32]. Similar 
changes are seen with arterial stiffness [33]. Bone resorption 
follows a pattern that is accelerated by the MT as well. Women 
attain peak bone density in their fourth decade of life. Increased 
bone loss is not detectable in women undergoing the MT until 
they reach the late MT, and a period of rapid bone loss, when 
women lose 5–7% of their skeletal mass, accompanies the 
period of about 5 years that includes the late transition and the 
first 1–2 years after the FMP. After this phase of rapid bone loss, 
bone resorption continues but at a much slower pace [34].

Health parameters that are acutely worsened by the MT 
may be able to be addressed in clinical practice. Women who 
begin to develop dyslipidemia early in the MT may benefit 
from close monitoring and aggressive use of lipid lowering 
agents and those with worsening endothelial function may 
be early candidates for initiation of antihypertensive therapy. 
It is tempting to speculate that antiresorptive treatments 
directed toward preventing the perimenopausal loss of bone 
could result in dramatic reduction of subsequent osteoporo-
sis and fracture in older age, but there is as yet no medical 
evidence to support such practice.

Menopause as a permanent ‘resetting’

Perhaps the most dramatic permanent change in physiologic 
parameters that occurs in concert with the MT is the inci-
dence of metabolic syndrome. Metabolic syndrome is a 
strong predictor of future cardiovascular disease, type 2 dia-
betes and dementia; therefore, early detection and preven-
tion is critical to women’s health. The prevalence of metabolic 
syndrome is approximately 10% in women at the time of the 
FMP, and the incidence rises so rapidly after the transition 
that >25% of the population has metabolic syndrome by 
6 years post FMP [35]. Unfortunately, this relatively rapid rate 
of accrual of a major cardiometabolic risk factor does not 
subside. It is particularly important to address metabolic syn-
drome because it also predicts future risk for Alzheimer dis-
ease [36], a major source of morbidity and mortality that 
disproportionately affects women.

Sleep efficacy decreases with the MT and continues to 
decline in women. Sleep is being increasingly recognized as an 
important component of health. Waking after sleep onset is a 
particularly adverse sleep pattern that has negative implica-
tions for long-term cardiovascular morbidity and mortality [37]. 
Trajectories of poor sleep, assessed by actigraphy from the 
Study of Women’s Health Across the Nation (SWAN), indicate 
that Black and Hispanic women have worse sleep efficiency 
and were more likely to follow a sleep trajectory of worsening 
sleep across the MT [38]. Inadequate sleep is related to car-
diometabolic health, and women who sleep less than 5 h per 
night have approximately twice the risk of developing meta-
bolic syndrome compared to those who do not [29].

Although effective treatment of vasomotor symptoms is 
associated with improved sleep, other menopause-related 
changes may influence sleep efficacy for midlife women. 
Reduced circulating estrogen affects metabolic flexibility by 
altering adipose tissue function and energy expenditure [39]. 
Sleep loss, in turn, also has adverse effects on metabolic flex-
ibility, through both neurocognitive and peripheral circadian 
mechanisms [29]. Understanding the relationship between 
sleep and health is important for midlife women, as acquiring 
better sleep habits may also maximize cardiometabolic health.

Long-term implications of the menopause journey

Do MT symptoms predict the future?

There are some associations of menopausal symptoms that 
seem to predict future risk of disease. Women with prolonged 
and severe vasomotor symptoms have worse biomarkers of 
cardiovascular health [40] and have been shown to have an 
increased risk of CVD events when followed over time [41]. 
This association requires further testing to clarify the nature of 
the relationship. It can mean either that a tendency to have 
severe vasomotor symptoms identifies those at higher CVD 
risk due to a common, as yet unidentified, pathophysiologic 
pathway, or that prolonged vasomotor symptoms are some-
how causal of CVD. Of course, those who develop clinically 
detectable metabolic derangements can also be identified as 
being at excess risk for future CVD and treated accordingly.

Other processes are acutely altered during the MT, and then 
remit. The increased risk of depressive symptoms and depres-
sion and anxiety that accompany the transition do not appear 
to carry over into later life, and do not necessarily predict future 
episodes. The acute, rapid phase of bone loss that accompanies 
the transition does not persist. The menopause-related change 
in body composition, which can be somewhat attenuated by 
hormone therapy, does not continue to worsen over time [39]. 
Thus, while some aspects of the menopause journey do seem 
to be predictive of future health and disease, others represent 
a transient disruption. A better understanding of individual fac-
tors and vulnerabilities is needed to allow clinicians to tailor 
their recommendations in a precise manner.

The MT as an adaptive challenge and the role of resilience

In some ways, the MT can be viewed as a disruptive life 
event that calls upon the organism to adapt. The extent to 
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which any one individual will be able to adapt will therefore 
depend upon a number of factors, key among them being 
genetics and the environment. The timing of menopause is 
linked to multiple genes and variants [42], and the tempo of 
the transition is likely related to both genetic (initial follicular 
endowment) and environmental (influences that may affect 
the ovarian reserve, such as smoking) factors. A later, shorter 
transition is associated with fewer vasomotor symptoms and 
may be overall less disruptive [22, 23]. Individuals reporting 
more sleep problems report more bothersome vasomotor 
symptoms [43], as do those who experienced stressful life 
events [44]. Spirituality may provide protection against symp-
tom severity, as has been observed in a sample of Latter Day 
Saints [45] and among Hispanic women in the SWAN [46].

When examining health outcomes associated with latent 
symptom classes in more than 3000 women from the SWAN, 
those reporting the most physical and mental health symp-
toms were most likely to develop metabolic syndrome or 
type 2 diabetes over 20 years of follow-up [47]. Racial and 
ethnic groups that have historically suffered from discrimina-
tion typically report worse and more disruptive symptoms in 
association with their MT; this is particularly evident among 
African-American women [23, 38]. Biological vulnerabilities 
can often be identified and treated medically. However, 
social determinants of health have long latencies and medi-
cine has a limited ability to treat them – nonetheless, they 
are important to identify. A socially just approach to meno-
pause requires more than a simple medical inventory and 
set of prescriptions. Further research is needed to identify 
and address the social determinants of health that affect a 
woman’s ability to respond to the challenges that the MT 
imposes for so many.

Conclusions

The menopause journey is inevitable, although current scien-
tific inquiry seeks to eventually make it optional for women. 
It is not clear that this would be either desirable or beneficial, 
but the technology is likely to come about. In the meantime, 
there is much that has been learned about the short-term 
and long-term symptoms and experience of the MT, as well 
as its potential health consequences. It can be helpful to con-
ceptualize the MT as an adaptive challenge for women. Those 
who live a healthy lifestyle and have been blessed with favor-
able genetics and an environment free of adverse life events 
may experience minimal disruption, whereas others who are 
less fortunate and less proactive about their health may 
struggle for years or decades with bothersome symptoms. It 
is now clear that the changes in health status that occur 
during the MT, particularly markers of metabolic health, are 
important to detect and address, as they may have significant 
influence on future risk for serious disease. Menopausal symp-
toms should be treated when they occur, whether with hor-
mones or alternatives, as adequate symptom treatment will 
improve short-term health and may affect longer-term out-
comes. Further advances in genetics, epigenetics and phar-
macology should allow clinicians to truly provide precision 
care for this critical stage of a woman’s life.
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