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17.1 The Menopausal Transition: Definitions

As defined by the Stages of Reproductive Aging Workshop (STRAW) held in July
2001 and updated in 2011, the menopausal transition (MT) begins with variations in
menstrual cycle length associated with a decrease in inhibin B and anti-Miillerian
hormone (AMH) concentration and a rise in follicle-stimulating hormone (FSH); it
ends with the final menstrual period (FMP), classically confirmed only when
followed by 12 months of amenorrhea [1]. Typically, the MT starts in the late 40s or
early 50s and continues for about 4—7 years.

The original STRAW staging system is widely considered to be the gold stan-
dard for characterizing reproductive aging throughout menopause using menstrual
patterns, endocrinological markers, and ovarian imaging. Moreover, the STRAW + 10
criteria update the 2001 STRAW criteria by providing greater clarity for menstrual
patterns, including duration of phases and stages. This system classifies reproduc-
tive and postreproductive life into seven stages, with the MT accounting for two of
those stages. The main event is the FMP; five stages come before FMP and two
stages follow it (Fig. 17.1).

17.2 Impact of the Menopause Transition on a Woman'’s Life

Menopausal transition is a physiological event in every woman’s life; nevertheless,
it can profoundly affect quality of life. In fact during this period, women complain
about new and unexpected annoying symptoms and their bodies are at the mercy
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Stage 5 | 4 | 3 | -3 -2 [-1 +1a | +1b | +1c [ +2
Terminology REPRODUCTIVE MENOPAUSAL POSTMENOPAUSE
TRANSITION
Early [ Peak | Late Early [ Late Early Late
Perimenopause |
Duration Variable Variable | 1-8 years | 2 years 3-6 years | Remaining
(1+1) lifespan
PRINCIPAL CRITERIA
Menstrual Variable | Regular |Regular [Subtie Variable Interval of
cycle to regular changes in | Length amenorrhea
flow Persistent of >=60
length >7- day days
difference in
length of
consecutive
cycles
SUPPORTIVE CRITERIA
Endocrine
FSH Low Variable* TVar\able’ T>25 /L TVariabIe Stabilizes
AMH Low Low Low Low Low Very Low
Inhibin B Low Low Low Low Very Low
Antral Follicle Low Low Low Low Very Low Very Low
Count
DESCRIPTIVE CHARACTERISTICS
Symptoms Vasomotor | Vasomotor Increasing
symptoms | symptoms symptoms of
Likely Most Likely urogenital atrophy

* Blood draw on cycle days 2-5 T - elevated
** Approximate expected level based on assays using current international pituitary standard

Fig.17.1 The Stages of Reproductive Aging Workshop (STRAW) +10 staging system (Adapted
from Harlow et al. [1])

of intense hormonal and physical changes. The clinical signs associated with this
period are vasomotor symptoms, sleep disruption, mood alteration, urogenital
complaints, and sexual dysfunction. Among these, the most frequent are
vasomotor symptoms, which afflict 75 % of women and usually disappear within
1-5 years.

Moreover, the years around the menopause are associated with weight gain,
increased central adiposity and waist circumference. The annual rate of weight gain,
estimated to be about 0.5 kg, is independent of menopausal status, while it is con-
sistently related to chronological aging [2]. In contrast, adverse changes in either
body fat distribution, from a more gynoid pattern to a more android pattern, or body
composition with increased fat mass and decreased lean mass may be due to hor-
monal changes occurring during the menopausal transition [3]. The deleterious
change in body fat distribution consists of an increase in abdominal adiposity owing
to the selective accumulation of fat in the intra-abdominal compartment [4], inde-
pendent of age and total body fat mass [S5]. Specifically, increased abdominal adi-
posity is known to increase the risk of developing CVD.

Data from the Women’s Healthy Lifestyle Project provide clear evidence that
weight gain and increased waist circumference, along with elevations in lipid levels
and other risk factors for coronary heart disease (CHD), are preventable through use
of lifestyle intervention in healthy menopausal women. In fact, although these
changes are inevitable with age and menopause, physical activity may attenuate the
impact of both events. Thus, weight gain prevention should be recognized as an
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important health goal for women before they approach menopause and women
should do regular physical activity [6].

As hormonal changes during the MT directly or indirectly adversely affect
quality of life, body composition, and risk of cardiovascular disease (CVD), the
maintenance of health parameters in the premenopausal years is crucial for a healthy
postmenopausal life.

17.3 Estrogens and Cardiovascular Risk

Estrogens and the other sex hormones regulate some of the fundamental cardiovas-
cular functions including blood pressure, blood flow, vasodilatation and vasocon-
striction, vascular inflammation and remodeling, and atherosclerosis [7]. The
actions of endogenous estrogens on the cardiovascular system can be mediated
directly on the vessels or indirectly through the modulation of cardiovascular risk
factors.

Estrogen exerts pleiotropic functions on the cardiovascular system through
both genomic and nongenomic effects [8, 9]. Traditionally, estrogen receptors
(ERs) act as transcription factors regulating the expression of target genes by
directly binding to specific DNA sequences, the estrogen response element (ERE).
Nongenomic effects are rapid responses that occur too quickly to be mediated by
gene transcription, instead involving modulation of membrane and cytoplasmic
proteins.

At this level, estrogen triggers rapid vasodilatation, exerts anti-inflammatory
effects, regulates vascular cell growth and migration, leading to a protective action
on vessels [10]. These rapid and nongenomic effects are reached by complex inter-
actions with membrane-associated signaling ERs, leading to the activation of down-
stream cascades such as mitogen-activated protein kinase (MAPK) and
phosphatidylinositol 3-OH kinase (PI3K). These cascades are responsible for the
important cardiovascular actions of estrogen, for instance, the activation of nitric
oxide (NO) synthesis or the remodeling of the endothelial actin cytoskeleton.
Moreover, these cascades play crucial roles in regulating the expression of target
proteins implicated in cell proliferation, apoptosis, differentiation, movement, and
homeostasis [11].

Furthermore, estrogens also have systemic effects that may have an influence on
cardiovascular risk, altering the serum lipid concentrations, the coagulation and
fibrinolytic systems, and the antioxidant system [7]. In fact, through ER estrogens
regulate hepatic expression of apoprotein genes and several coagulation and fibrino-
Iytic proteins. The net effect of these changes is to improve the lipid profile and to
promote vasodilatation and antioxidant activities. By contrast, the menopause leads
to an overturning of all these effects, increasing the cardiovascular risk.

Recent advancements in the characterization of the molecular basis of the actions
of estrogen help us to understand its biological functions and would be beneficial in
elucidating current controversies on its clinical efficacy in the cardiovascular
system.
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17.4 The Menopausal Transition and Cardiovascular Risk

Cardiovascular diseases are the number one cause of death globally, both for men
and women. It is well documented that morbidity and mortality rates from CVD are
higher in men than in women; however, this gender gap narrows after the meno-
pause, suggesting that female sex hormones and aging might play a role [12]. In
fact, the incidence of CVD in women increases substantially with aging, probably
because the menopause diminishes the gender protection contributing to an adverse
impact on cardiovascular risk variables [7]. Nevertheless, whether this higher car-
diovascular risk is a function of aging or a consequence of the loss of endogenous
estrogen due to the menopause, or both, has been debated in the literature for many
years [13, 14].

In this respect, it is worth mentioning the results of the Study of Women’s Health
Across the Nation (SWAN). SWAN is a multicenter, multi-ethnic longitudinal study
designed to characterize the physiological and psychosocial changes that occur
during the menopausal transition and to observe their effects on subsequent health
and risk factors for age-related diseases. A total of 3,302 women were enrolled at
seven clinical sites between 1996 and 1997. At the time of enrollment, women were
premenopausal, not taking hormones and between 42 and 52 years of age.
Participants self-identified as African—American (28 %), Caucasian (47 %), Chinese
(8 %), Hispanic (8 %), or Japanese (9 %). SWAN has a multidisciplinary focus and
thus has repeated measures of bone health, cardiovascular risk factors, psychosocial
factors, and ovarian hormones [15].

In this setting, Matthews et al. [16] evaluated the change in CHD risk factors in
relation to a very particular and critical period of a woman’s life, the FMP. Women
who experienced a natural menopause (1,054 out of the total) were analyzed
independent of age and other confounders. The results showed significant increases
in total cholesterol, LDL-C, and Apo B within a year of the FMP; importantly, the
rate of change relative to the FMP did not vary by ethnicity, suggesting that the
menopause might have a uniform influence on lipids. The other risk factors changed
in a linear pattern consistent with chronological aging: triglycerides, lipoprotein (a),
insulin, factor VIlc, and systolic blood pressure increased; diastolic blood pressure,
tissue plasminogen activator antigen, fibrinogen, and high-sensitivity C-reactive
protein did not change.

In conclusion, the year immediately around the FMP has been identified as
the critical time period of changes in the lipid profile leading to an increased risk
of CVD in the post-menopausal years. Although a significant portion of this
increased risk is likely due to changes in plasma lipid—lipoprotein levels
secondary to estrogen deficiency, a number of other hormonal and physiological
changes that occur during the menopause transition may also contribute.
Therefore, during the menopausal transition several adverse changes take place
and modify cardiovascular risk factors. It may thus be necessary to encourage
lifestyle measures and therapeutic interventions such as hormone replacement
therapy throughout the menopausal transition to counteract or prevent these
events.
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17.5 Hormone Therapy: A Debate Still Open

Hormone replacement therapy (HRT) for postmenopausal women has been
available for more than 60 years. Since that moment, HRT has been the subject of
discussion and debate. In the early 1990s, the effects of HRT were thought to be
beneficial because of a reduction of 30—-50 % in the risk of CVD and osteoporosis.
These effects were confirmed by a large number of observational studies [17, 18];
thus, in 1992 the American College of Physicians published guidelines strongly
advising a preventative use of HRT [19]. In those years an escalation in the use of
HRT was registered across the world [20].

However, in the late 1990s, a number of studies started questioning the protective
role and the safety of HRT. Randomized clinical trials (RCTs) overturned the
previous hypothesis about the advantage of HRT, showing no evidence of cardiovas-
cular benefit, but instead a negative effect on women’s health. Among these, the
Women’s Health Initiative (WHI) trial had a great impact. Over 16,000 menopausal
women between the ages of 50and 79 (mean age 63 years) were enrolled across 40
clinical centers in the USA. After a mean of 5.2 years of follow-up the study was
stopped because of an increased risk for cancer and adverse effects on the cardio-
vascular system [21, 22]. The consequent release in 2002 of the principal findings
from the WHI was associated with a substantial decline in use by postmenopausal
women [23].

Nevertheless, more recent subgroup analyses suggested that the lack of benefit or
increase in CVR observed in the WHI might result from the harmful effect of HRT
in older women well after the menopause. It is clear that the characteristics of
women selected for RCTs were markedly different than those of women studied
from the general population in observational studies from which the estrogen
cardioprotective hypothesis was generated. Therefore, these secondary analyses
pointed out that the benefit of HRT may be dependent upon both the age of the
women at the time of HRT initiation and the timing of the initiation of hormone
exposure. Not only the role of timing, but also the role of the type, dose, and route
of HRT should be analyzed. These hypotheses have encouraged two new RCTs: the
Kronos Early Estrogen Prevention Study (KEEPS) and the Early vs Late Intervention
Trial with Estradiol (ELITE). KEEPS is a randomized clinical and controlled study
with the objective of clarifying the controversy about the effects of HRT on the
progression of the atherosclerosis risk—benefit factor with the use of estrogens in
postmenopausal women. Healthy women aged 42-58 years who are within
36 months of their last menstrual period have been recruited to receive either oral
estrogens or estradiol patches; in addition, both groups are given oral micronized
progesterone for 11 days of each month. Outcomes will be carotid—intima media
thickness and the accrual of coronary calcium. Preliminary reports on this study
have been distributed, but a full publication is still awaited. On the other hand,
ELITE randomized women based on the number of years since menopause (less
than 6 years or more) to receive either estradiol or placebo. As in KEEPS, the
primary endpoint is the change in carotid intima-media thickness. The results from
these studies will help us to clarify some of the aspects that are still unsolved.
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The most recent Position Statement of the North American Menopause Society
on hormone therapy published in early 2012 clarifies the existing data and provides
easy-to-follow recommendations for menopause management [24]. HRT should be
given to healthy and chronologically young perimenopausal women within 10 years
of the onset of menopause in the lower dose regimens [25]. Based on the available
evidence, those women with these characteristics who carry on the use of HRT for
several years experience a significant decrease in their risk of developing a heart
attack.

17.6 The Window of Opportunity

Over the last decade, a large quantity of data have strongly supported the notion that
the presence of a window of therapeutic opportunity for the use of estrogens in
healthy women with recent menopause appears to be the key to successful preven-
tion and amelioration of any further damage [26]. Timing of the initiation is impor-
tant because hormone replacement is effective before tissue damage due to aging
becomes too extensive [27]. The major clinical implication is that whereas HRT is
not recommended for reduction of CVD risk by the WHI and other RCTs, its use for
other indications should not be hampered by the fear of increasing CVD in younger,
newly menopausal women [28].

These hypotheses could have a biological basis. In fact, around the time of
menopause, women still have healthy arteries, allowing a “window” for HRT to
produce cardiovascular benefit. However, aging arteries become less responsive to
the beneficial effects of estrogens. Indeed, the menopause is associated with
endothelial dysfunction, decreased NO-dependent relaxation and intimal thicken-
ing; moreover, age-related changes in ER amount, distribution or affinity may also
contribute to cardiovascular risk [29].

It is well established that estrogen may have a different and controversial effect
on the atherosclerotic process, depending on its stage. Estrogen inhibits early
development of atherosclerosis by preventing the accumulation of foam cells in the
endothelium, whereas it may increase the cardiovascular risk once atherosclerosis
has been established, causing disruption of the fibrous cap and rupture of the plaque
by increasing expression of matrix metalloproteinases (MMPs) [30]. Thus, the
preexisting cardiovascular condition could affect the outcome of HRT.

17.7 Rethinking Menopausal Hormone Therapy

A new study, published by the British Medical Journal, is now adding interesting
evidence to the debate. The paper, authored by Schierbeck et al. [31], reports the
long-term follow-up of a cohort of postmenopausal women originally enrolled in
the Danish Osteoporosis Prevention Study (DOPS), a randomized, open-label trial
investigating the effect of hormone intervention with estradiol or a combination of
estradiol and a synthetic progestin on osteoporotic fractures. The study enrolled



17 Cardiovascular Prevention at the Menopausal Transition 163

1,006 patients aged 45-58 who were recently menopausal or had perimenopausal
symptoms between 1990 and 1993, with a planned duration of 20 years; both the
502 women who received HRT and the 504 who received no treatment were
followed for nearly 16 years (10 years of treatment and 6 years of follow-up).
The intention-to-treat analysis on the cohort of more than 1,000 provides an
interesting set of results, which were awaited by many in the field.

The key result is that women receiving hormone replacement had a signifi-
cantly lower incidence of CHD. The magnitude of this reduction was around50 %
and applied both to the period of active treatment and to the later observational
phase. In addition, no differences in stroke, venous thromboembolism or breast
cancer were recorded throughout the study. There are at least two key differences
between this study and the ones that have been available so far: the age of the
women enrolled and the characteristics of the medication. In fact, this trial looks
at women who started hormone replacement very close to the menopausal transi-
tion. By contrast, the WHI [32], enrolled nearly 75 % of patients over 60 years,
and less than 5 % of the entire population were close to the menopause. Moreover,
women were treated with 17p3-estradiol and norethisterone acetate instead of con-
jugated equine estrogens and medroxyprogesterone acetate, emphasizing that the
use of a progestin during hormone replacement, particularly medroxyprogester-
one acetate, is associated with a higher risk of CVD [22] compared with estro-
gen-only therapies. It was also found in this study, that women who did not
receive the progestin had a trend toward having a lower incidence of cardiovas-
cular events [31].

Nevertheless, after nearly 20 years of debate, the never-ending contradiction
between studies showing the benefit of HRT and guidelines stating that HRT should
not be used to prevent chronic disorders still exists. The last and most recent one
published by the US Preventive Services Task Force [33] in 2012 explicitly advises
against the use of either estrogens or of combinations of estrogens and progestins
for the prevention of chronic conditions.

It is established that HRT is generally initiated in the real clinical world because
women suffer from hot flashes or vulvo-vaginal atrophy, with the only aim of coun-
teracting these symptoms. However, this study should raise awareness in the media,
the regulatory authorities, and the general population that menopausal hormone
therapy saves lives and reduces disability. This is not trivial and a shift in communi-
cation and clinical attitude could lead to enormous benefits for women and health
systems throughout the world.
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