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Menopause and 
Aging

Rogerio A. Lobo

C H A P T E R  1 4 

Epidemiology

◆ The age of menopause has been constant over several centuries 
and is influenced by genetic, ethnic, and environmental 
variables.

◆ The prediction of the age of menopause based on anti-müllerian 
hormone (AMH) trajectories is possible but impractical.

Menopause is defined by the last menstrual period. Because 
cessation of menses is variable and many of the symptoms 
thought to be related to menopause may occur prior to the 
cessation of menses, there is seldom a precise timing of this 
event. Other terms used are perimenopause, which refers to 
a variable time beginning a few years before and continuing 
after the event of menopause, and climacteric, which merely 
refers to the time after the cessation of reproductive function. 
While the terms menopausal and postmenopausal are used 
interchangeably, the former term is less correct because 
“menopausal” should only relate to the time around the 
cessation of menses.

As life expectancy increases beyond the eighth decade 
worldwide, particularly in developed countries, an increasing 
proportion of the female population is postmenopausal. With 
the average age of menopause being at 51 years old, more 
than one-third of a woman’s life is now spent after menopause. 
Here symptoms and signs of estrogen deficiency merge with 
issues encountered with natural aging. As the world population 
increases and a larger proportion of this population is made 
up of individuals over 50, medical care specifically directed 
at postmenopausal women becomes an important aspect of 
modern medicine. Between the years 2000 and 2005, the 
world population older than 60 years old increased from 
590 million to 1 billion. In the United States, the number 
of women entering menopause will almost double in the 30 
years between 1990 and 2020 (Table 14.1).1

Age of menopause, which is a genetically programmed 
event, is subject to some variability. The age of menopause 
in Western countries (between 51 and 52 years old)2,3 is 
thought to correlate with general health status.4-6 Socioeco-
nomic status is associated with an earlier age of menopause.2 
Higher parity, on the other hand, has been found to be 
associated with a later menopause.7 Smoking has consistently 

been found to be associated with menopause onset taking 
place 1 to 2 years earlier.3,8 While body mass has been thought 
to be related to age of menopause (greater mass with later 
menopause),9 the data have not been consistent. Malnourish-
ment and vegetarianism have both been found to be associated 
with earlier onset of menopause.10,11 However, physical and 
athletic activity has not been found consistently to influence 
the age of menopause.

There also appear to be ethnic differences in the onset 
of menopause. In the United States, African-American and 
Hispanic women have been found to have menopause 
approximately 2 years earlier than white women.12,13 Although 
parity is generally greater around the world than in the United 
States, the age of menopause appears to be somewhat earlier. 
Malay women have menopause at approximately age 45, 
Thai women at age 49.5, and Filipina women between the 
ages of 47 and 48.14-16 Indian women have also been reported 
to have menopause by age 46.2 years.17 Women in countries 
at higher altitude (Himalayas or Andes) have been shown 
to have menopause 1 to 1.5 years earlier.18,19 Because the 
average age of menopause in the United States is 51 to 53 
years with an age distribution weighted toward white women, 
menopause prior to age 40 is considered premature. Con-
versely, by age 58, 97% of women will have gone through 
menopause.

The primary determinate of age of menopause is genetic. 
Based on family studies, heritability for the age of menopause 
averaged 0.87—suggesting that genetics explain up to 87% 
of the variance in menopausal age.20 Prediction models for 
the age of menopause have been based on the downward 
trajectory of values of AMH with age, as shown in several 
studies, noted below. In a recent review of the literature, 
maternal age of menopause does contribute somewhat to 
values of AMH in the prediction model, but AMH is thought 
to the most valuable marker.21

Multiple genic loci have been identified by genome-wide 
association studies, which are associated with the age of 
natural menopause as well as ovarian insufficiency.22,23 In a 
meta-analysis of 22 genome-wide association studies, can-
didate genes identified appear to be involved in DNA replica-
tion and damage repair, hormone production and action, and 
immune function.23 These include EXO1, HELQ, U1MC1, 
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Abstract

With the increase in life expectancy, a woman may now 
expect to spend one-third or more of her life after menopause. 
Thus the understanding of the physiology of menopause and 
aging and possible management strategies assumes great 
significance for women’s health. This review will first discuss 
the epidemiology of menopause, early or premature meno-
pause, and the effects of menopause on various organ systems 
and diseases that occur after menopause. This will be followed 
by a consideration of various therapies for the symptoms of 
menopause, osteoporosis, and various preventative strategies 
for women after menopause. Hormonal and nonhormonal 
therapies will be discussed.
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Mutations in the gene encoding the follicle-stimulating 
hormone (FSH)-receptor (e.g., mutation in exon 7 in the 
gene on chromosome 2p) have been described,38 but these 
are extremely rare outside of the Finnish population in which 
these mutations were originally described.

An expansion of a trinucleotide repeat sequence in the 
first exon on the FMR1 gene (Xq 27.3) leads to fragile X 
syndrome, a major cause of developmental disabilities in 
males.39 The permutation in fragile X syndrome has been 
shown to be associated with POF.40,41 There is a spectrum 
in findings based on the number of repeats in the premutation, 
and women with an “intermediate” number of repeats may 
have a lower ovarian reserve, which is often identified during 
an investigation for infertility.

Type 1 blepharophimosis/ptosis/epicanthus inversus 
syndrome, an autosomal-dominant disorder due to mutations 
in the forkhead transcription factor FOXL2, includes POF.42 
Triple X syndrome has been associated with POF, and so 
has dystrophic myotonia, although the mechanism underlying 
this relationship is unclear.43

Under the category of enzymatic defects, galactosemia 
is a major cause of POF that is related to the toxic buildup 
of galactose in women who are unable to metabolize the 
sugar. Even in women with fairly well-controlled galactose-free 
diets, POF tends to occur.44,45 Another enzymatic defect 
linked to POF is 17α-hydroxylase deficiency. This rare 
condition manifests differently from the other causes dis-
cussed here because the defect in the production of sex 
steroids leads to sexual infantilism and hypertension.46-48

Because of the prevalence of autoimmune disorders in 
women, the degree to which autoimmunity may be responsible 
for POF is unclear. One study has suggested an association 
in 17.5% of cases.49 Virtually all autoimmune disorders have 
been found to be associated with POF, including autoimmune 
polyendocrinopathies like autoimmune polyendocrinopathy-
candidiasis-ectodermal dystrophy, which is caused by muta-
tions in the autoimmune (AIRE) gene on 21q22.3.50 The 
presence of the thymus gland appears to be required for 
normal ovarian function as POF has been associated with 
hypoplasia of the thymus.51 In patients who have undergone 
ovarian biopsy as part of their evaluation, lymphocytic 
infiltration surrounding follicles has been described, as well 
as the resumption of menses after immunosuppression.52-55

Immunoassays using antibodies directed at ovarian antigens 
have been developed and have demonstrated positive findings 
in some patients with POF,56 although the relevance of these 
findings remains unsettled. Ovarian autoantibodies could also 
conceivably be a secondary phenomenon to a primary cell-
mediated form of immunity. Specific enzymes such as 3β-HSD 
may also be the target of ovarian autoimmunity.57 From a 
practical standpoint, screening for the common autoimmune 

FAM175A, FANCI, TLK1, POLG, MCM8, and PRIM1 
associated with DNA repair, and IL11, NLRP11, and 
PRRC2A in the immune function domain. Nevertheless, in 
spite of these advances, the mechanisms of action of these 
genes and their interactions with environmental factors and 
possible gonadotoxic factors, which may affect ovarian reserve 
and reproductive lifespan, remain to be determined.

Premature Ovarian Failure

◆ Premature ovarian failure (POF) or insufficiency occurs in up 
to 10% of young amenorrheic women and has multiple etiolo-
gies, but is often idiopathic.

◆ Treatment is dependent on presenting symptoms.
◆ Spontaneous pregnancies may occur and long-term manage-

ment should include estrogen replacement.

POF is defined as hypergonadotropic ovarian failure 
occurring prior to age 40. It has been suggested that women 
with POF should be referred to as having premature ovarian 
insufficiency (POI) to more effectively reflect its heteroge-
neous nature.24 In practice, both these terms are used 
interchangeably. POF has occurred in 5% to 10% of women 
who are evaluated for amenorrhea25; thus, the incidence 
varies according to the prevalence of amenorrhea in various 
populations. Estimates of the overall prevalence of POF in 
the general population range between 0.3% and 0.9% of 
women.26,27

Throughout life, there is an ongoing rate of atresia of 
oocytes (see Chapter 8). Because this process is accelerated 
with various forms of gonadal dysgenesis due to defective 
X chromosomes, one possible etiology of POF is an increased 
rate of atresia that has yet to be explained. A decreased 
germ cell endowment or an increased rate of germ cell 
destruction can also explain POF.24 Nevertheless, some 1000 
(of the original 2 million) primary follicles may remain.28,29 
While most of these oocytes are likely to be functionally 
deficient, occasionally spontaneous pregnancies occur in young 
women in the first few years after the diagnosis of POF.

There are several possible etiologies of POF (Box 14.1). 
Defects in the X chromosome may result in various types 
of gonadal dysgenesis with varied times of expression of 
ovarian failure. Even patients with classical gonadal dysgenesis 
(e.g., 45,XO) may undergo a normal puberty, and occasionally 
a pregnancy may ensue30-33 as a result of genetic mosaicism. 
Very small defects in the X chromosome may be sufficient 
to cause POF.34 Familial forms of POF may be related  
to either autosomal-dominant or sex-linked modes of 
inheritance.35-37

Table 14.1 US Population Entering the 
Postmenopausal Years, Ages 55 to 64

Year Population

1990 10.8 million
2000 12.1 million
2010 17.1 million
2020 19.3 million

Modified From US Bureau of the Census: Current Population Reports: 
Projections Of The Population Of The United States 1977 To 2050, 
Washington, Dc, 1993, US Government Printing Office.

Box 14.1 Causes of Premature Ovarian 
Failure/Insufficiency

Genetic
Enzymatic
Immune
Gonadotropin defects
Ovarian insults
Idiopathic
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It has been well established that POF as well as bilateral 
oophorectomy prior to the usual age of menopause is associ-
ated with an increased risk74 of cardiovascular disease (CVD) 
as well as increased mortality (Fig. 14.1). CVD mortality 
specifically is increased twofold to fourfold with early 
oophorectomy, and observational studies have suggested that 
using HT reduces this risk. A recent meta-analysis of women 
with POI suggested an increased risk of all-cause mortality, 
relative risk (RR): 1.39 (1.1 to 1.77).75 Early estrogen 
intervention has been shown to decrease all-cause mortality, 
which will be discussed later. Accordingly, unless there are 
contraindications, estrogen should be considered in all young 
women with POF, at least until the age of natural 
menopause.

Menopausal Transition (Perimenopause)

◆ Great variations in hormonal and menstrual findings occur 
around the final menstrual period.

◆ This is best described by STRAW+ 10, a workshop designed 
to describe these changes

◆ Prospective data have been generated by the Study of Women 
Across the Nation (SWAN) to describe the temporal changes 
of increasing FSH and decreasing estradiol around menopause.

A workshop was convened in 2001 to build a consensus on 
describing various stages of the menopausal transition.76 Ten 
years later, another workshop was convened to update the 
staging system with more recent data.77 The Stages of 
Reproductive Aging Workshop + 10 (STRAW + 10) simplified 
bleeding criteria for the early and late menopausal transition 
and modified criteria for the late reproductive stage (stage 
−3) and the early postmenopausal stage (stage +1; Fig. 14.2). 
Then the late reproductive stages were expanded to include 
information on decreasing levels of AHM and inhibin B to 
reflect recent longitudinal data on fluctuating hormonal levels 
at the time of menopause, which will be described in more 
detail below.

disorders is appropriate in women found to have POF. 
Although relatively rare, as many as 2% to 4% of women 
with POF have antiadrenal antibodies,58 and may be at risk 
for adrenal failure. Commercial antibodies to 21-hydroxylase 
are available and agree with other assays for adrenal cortex 
antibodies.59 It has been suggested that screening women 
using dehydroepiandrosterone sulfate (DHEAS) also may 
be useful to detect signs of adrenal insufficiency.

More from a theoretical standpoint, abnormalities in the 
structure of gonadotropins, in their receptors, or in receptor 
binding could be associated with POF. While abnormal urinary 
forms of gonadotropins have been reported in women with 
POF,60 these data have not been replicated. Abnormalities of 
FSH-receptor binding, as mediated by a serum inhibitor, have 
been described.61 A genetic defect that may lead to alterations 
in FSH receptor structure was mentioned previously.38

Under the category of ovarian insults, POF may be induced 
by ionizing radiation, chemotherapy, or overly aggressive 
ovarian surgery. Although not well documented, viral infec-
tions have been suggested to play a role, particularly mumps.62 
A dose of 400 to 500 rads is known to cause ovarian failure 
50% of the time,63,64 and older women are more vulnerable 
to experiencing permanent failure. A dose of approximately 
800 rads is associated with failure in all women.64,65 Ovarian 
failure (transient or permanent) may be induced by chemo-
therapeutic agents, although younger women receiving this 
insult have a better prognosis.65-67 Alkalyzing agents, particu-
larly cyclophosphamide, appear to be most toxic.68

By exclusion, the majority of women are considered to 
have idiopathic POF because no demonstrable cause can be 
pinpointed. Among these women, small mutations in genes 
lying on the X chromosome, or yet to be identified autosomal 
genes, may be the cause.

Management of Primary Ovarian  
Failure/Insufficiency

Evaluation of women under age 30 who have POF should 
include screening for autoimmune disorders and a karyotype; 
detailed recommendations for screening of such women are 
available.69 In addition, vaginal ultrasound may be useful for 
assessing the size of the ovaries and the degree of follicular 
development, which, if present, may signify an immunological 
defect.

Treatment usually consists of estrogen replacement. If 
fertility is a concern, the most efficacious treatment is oocyte 
donation. Various attempts at ovarian stimulation are usually 
unsuccessful, and the sporadic pregnancies that may occur 
are just as likely to occur spontaneously (~5%) as with any 
intervention.70,71 These spontaneous pregnancies are frequently 
encountered while receiving estrogen replacement. Noting 
irregular or unscheduled bleeding (while receiving hormonal 
treatment [HT]) is important as a sign of endogenous sex 
steroid production. Serum AMH has been used to characterize 
women with ovarian insufficiency to determine where they 
may be in the spectrum of ovarian failure.72 However, AMH 
levels cannot help predict the chance of a spontaneous 
pregnancy. It has been shown in a large cohort of women (n 
= 358) followed for POF, that spontaneous ovarian function 
may ensue in 24% of women, usually within a year of the 
diagnosis. In this longitudinal follow-up, 4.4% of women 
had spontaneous pregnancies.73
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FIGURE 14.1 Effect of type of “early” menopause on cardio-
vascular disease. Data taken from a meta-analysis. (From Atsma F, 
Bartelink ML, Grobbee DE, et al: Postmenopausal status and early 
menopause as independent risk factors for cardiovascular disease: a 
meta-analysis. Menopause 13[2]:265–279, 2006 [review]. See reference 
68 for data sources.)
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marked diminution of reproductive capacity precedes this 
period by several years. This decline may be referred to 
as gametogenic ovarian failure. The concept of dissociation 
in ovarian function is appropriate. Gametogenic failure is 
signified by reduced early follicular phase inhibin secretion, 
rising serum FSH levels, reduced antral follicle counts on 
ultrasound, decreased levels of AMH, and a marked reduction 
in fecundity. These changes may occur with normal menstrual 
function and no obvious endocrine deficiency, however, and 
they may occur in some women as early as age 35 (10 or 
more years before endocrine deficiency ensues).

Recent longitudinal data obtained from the Study of 
Women Across the Nation (SWAN) have shown that estrogen 

The ovary changes markedly from birth to the onset of 
menopause (Fig. 14.3).78 The greatest number of primordial 
follicles is present in utero at 20 weeks’ gestation and 
undergoes a regular rate of atresia until around the age of 
37. After this time, the decline in primordial follicles appears 
to become more rapid between age 37 and menopause (Fig. 
14.4) when no more than a thousand follicles remain.28 These 
remaining follicles are primarily atretic in nature.

Types of Ovarian Changes

Although perimenopausal changes are generally thought to 
be endocrine in nature and result in menstrual changes, a 
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FIGURE 14.2 The Stages of Reproductive Aging Workshop + 10 staging system for reproductive aging in women. AMH, 
Anti-Mullerian hormone; FSH, follicle-stimulating hormone. (Modified from Harlow SD, Gass M, Hall JE, et al: Executive summary of the stages 
of reproductive aging workshop + 10: addressing the unfinished agenda of staging reproductive aging. J Clin Endocrinol Metab 97[4]:1159–1168, 
2012.)

Birth 25 years old 50 years old

FIGURE 14.3 Photomicrographs of the cortex of human ovaries from birth to 50 years of age. Small nongrowing primordial 
follicles (arrows) have a single layer of squamous granulosa cells. (Modified from Erickson CF: An analysis of follicle development and ovum matura-
tion. Semin Reprod Endocrinol 4:233–254, 1986.)
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Products of the granulosa cell are most important for 
the feedback control of FSH. As the functional capacity of 
the follicular units decrease, secretion of substances that 
suppress FSH also decrease. Most notably, inhibin B levels 
are lower in the early follicular phase in women in their late 
30s (Fig. 14.6).81,82 Indeed, FSH levels are higher throughout 
the cycle in older ovulatory women than in younger women 
(Fig. 14.7).83

The functional capacity of the ovary is also diminished 
as women enter into the perimenopause. With gonadotropin 
stimulation, while estradiol (E2) levels are not very different 
between younger and older women, total inhibin production 
by granulosa cells is decreased in women over age 35.84 From 
a clinical perspective, subtle increases in FSH on day 3 of 
the cycle, or increases in the clomiphene challenge test, 
correlate with decreased ovarian responses to stimulation 
and decreased fecundability.85,86

Although there is a general decline in oocyte number 
with age, an accelerated atresia occurs around age 37 or 38 
(see Fig. 14.4).28 While the reason for this acceleration is 
not clear, one possible theory relates to activin secretion. 
Because granulosa cell-derived activin is important for 
stimulating FSH-receptor expression,87 the rise in FSH levels 
could result in more activin production, which, in turn, 
enhances FSH action. A profile of elevated activin with lower 
inhibin B has been found in older women (Fig. 14.8).88 This 
autocrine action of activin, involving enhanced FSH action, 
might be expected to lead to accelerated growth and dif-
ferentiation of granulosa cells. Further, activin has been shown 
to increase the size of the pool of preantral follicles in the 
rat. At the same time, these follicles become more atretic.89

Clinical management of women in the perimenopause 
should address three general areas of concern: (1) irregular 
bleeding; (2) symptoms of menopause, such as hot flushes; 
and (3) the inability to conceive.

Treatment of irregular bleeding is complicated by the 
fluctuating hormonal status. Estrogen levels may be higher 
than normal in the early follicular phase80 and progesterone 
secretion may be normal, although not all cycles are ovulatory. 
For these reasons, short-term use of an oral contraceptive 
(usually 20 µg ethinyl estradiol) may be an option for oth-
erwise healthy women who do not smoke to help them cope 
with irregular bleeding.

Early symptoms of menopause, particularly vasomotor 
changes, may occur as the result of fluctuating hormonal 
levels. In this setting, an oral contraceptive again may be an 
option if symptoms warrant therapy. Alternatively, lower 
doses of estrogen used alone may be another option.

Reproductive concerns often require more aggressive 
treatment because of decreased cycle fecundity. Once day 
3 FSH levels increase and AMH levels are lower than the 
established normative data (usually less than 0.4 ng/mL), 
the prognosis for pregnancy is markedly reduced. A more 
detailed discussion of AMH levels may be found in the next 
section.

Hormonal Changes with  
Established Menopause

Depicted in Fig. 14.9 are the typical hormonal levels of 
postmenopausal women compared with those of ovulatory 
women in the early follicular phase.90 The most significant 

levels begin to decline 2 years before the last menstrual period 
(Fig. 14.5).80 Older data had shown that this only occurred 
during the last 6 months.81 The rise in FSH levels occurs 
several years before menopause but increases substantially 
in the last 2 years, and then stabilizes to steady-state levels 
2 years after menopause.80 These study levels then decrease 
in the late menopause (seventh decade).80 There is also a 
very slow decline in androgen status (i.e., androstenedione 
and testosterone), which cannot be adequately detected at 
the time of the perimenopause.
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FIGURE 14.4 The age-related decrease in the total number 
of primordial follicles (PFs) within both human ovaries from 
birth to menopause. As a result of recruitment (initiation of PF 
growth), the number of PFs decreases progressively from about 1 
million at birth to 25,000 at 37 years. At 37 years, the rate of recruit-
ment increases sharply, and the number of PFs declines to 1000 at 
menopause (about 51 years of age). Note: The different colors and 
shapes in the graph represent different studies. (Modified from Faddy 
MJ, Gosden RJ, Gougeon A, et al: Accelerated disappearance of ovarian 
follicles in mid-life: implications for forecasting menopause. Hum Reprod 
7:1342–1346, 1992.)
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FIGURE 14.5 Adjusted population means (95% confidence 
interval) for segmented mean profiles of follicle-stimulating 
hormone and estradiol across the final menstrual period in 
the Study of Women’s Health Across the Nation (n = 1215). 
E2, Estradiol; FSH, follicle-stimulating hormone. (Modified from Randolf 
J: Change in follicle-stimulating hormone and estradiol across the 
menopausal transition: effect of age at the final menstrual period. J Clin 
Endocrinol Metab 96:746–754, 2011.)
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findings are the marked reductions in E2 and estrone (E1). 
Serum E2 is reduced to a greater extent than E1. Serum E1, 
on the other hand, is produced primarily by peripheral 
aromatization from androgens, which decline more slowly, 
principally as a function of age. Levels of E2 average 15 pg/
mL and range from 10 to 25 pg/mL, but are 10 pg/mL or 
less in women who have undergone oophorectomy. Serum 
E1 values average 30 pg/mL, but may be higher in obese 
women because aromatization increases as a function of the 
mass of adipose tissue.

Estrone sulfate (E1S) is an estrogen conjugate that serves 
as a stable circulating reservoir of estrogen, and levels of E1S 
are the highest among estrogens in postmenopausal women. 
In premenopausal women, values are usually above 1000 pg/
mL; in postmenopausal women, levels average 350 pg/mL.

Apart from elevations in FSH and luteinizing hormone 
(LH), other pituitary hormones are not affected. The rise 
in FSH, beginning in stage −3 as early as age 38 (see Fig. 
14.2), fluctuates considerably until approximately 4 years 
after menopause when values are consistently greater than 
20 mlU/mL. Specifically, growth hormone (GH), thyroid-
stimulating hormone, and adrenocorticotropic hormone 
(ACTH) levels are normal. Serum prolactin levels may be 
very slightly decreased because prolactin levels are influenced 
by estrogen status.

Both the postmenopausal ovary and the adrenal gland 
continue to produce androgen. The ovary continues to produce 
androstenedione and testosterone but not E2,91,92 and this 
production has been shown to be at least partially dependent 
on LH. Androstenedione and testosterone levels are lower in 
women who have experienced bilateral oophorectomy, with 
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production is by indirect mechanisms due to the adrenal 
supplying precursor substrate (DHEA and androstenedione).

Although DHEAS levels decrease with age (approximately 
2% per year),94 recent data have suggested that levels 
transiently rise in the perimenopause before the continuous 
decline thereafter (Fig. 14.10).95 This interesting finding from 
the SWAN study also suggested that DHEAS levels are 

values averaging 0.8 ng/mL and 0.1 ng/mL, respectively. The 
adrenal gland also continues to produce androstenedione, 
dehydroepiandrosterone (DHEA), and DHEAS; primarily 
as a function of aging, these values decrease somewhat 
(adrenopause), although cortisol secretion remains unaffected. 
Some data suggest that much “ovarian” testosterone produc-
tion may actually arise from the adrenal.93 Most likely, this 
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In women receiving oral estrogen, bioavailable testosterone 
levels are extremely low because SHBG levels are increased. 
How this relates to the decision to begin androgen therapy 
in postmenopausal women will be discussed later in this 
chapter.

Elevated gonadotropin (FSH-LH) levels arise from reduced 
secretion of E2 and inhibin as described earlier. Estrogen is 
important in controlling the production of gonadotropin-
releasing hormone (GnRH) mRNA in type 1 neurons.98,99 
In addition, the increase in gonadotropins observed at 
menopause appears to be enhanced by substance P,100 as well 
as by tachykinins produced in hypertrophied neurons,101,102 
which result from the decrease in E2.

Unlike the rodent, where there is evidence for a hypo-
thalamic factor involved in ovarian senescence,5,104,105 no such 
clear evidence exists for women. The hypothesis proposed 
by Wise suggested that the effects of aging in the brain affect 
neurotransmitter systems that regulate GnRH, disrupting 
ovarian folliculogenesis and ultimately promoting senescence. 
Thus the accelerated follicular loss that is apparent in the 
late 30s is postulated to be due to age-related desynchroniza-
tion in the rhythmicity of GnRH secretion.105

highest in Chinese women and lowest in African-American 
women.95

Testosterone levels also decline as a function of age, which 
is best demonstrated by the reduction in 24-hour mean 
levels (Fig. 14.11).96 Because of the role of the adrenal in 
determining levels of testosterone after menopause,93 
adrenalectomy or dexamethasone treatment results in 
undetectable levels of serum testosterone. Compared with 
total testosterone, the measurement of bioavailable or “free” 
testosterone is more useful in postmenopausal women. After 
menopause, sex hormone-binding globulin (SHBG) levels 
decrease, resulting in relatively higher levels of bioavailable 
testosterone or a higher free androgen index (Fig. 14.12).97 
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hormonal standpoint is best characterized by small elevations 
in serum FSH occurring at the beginning of the menstrual 
cycle (days 2 to 3), reductions in inhibin B, as well as steep 
declines in serum müllerian inhibiting substance or AMH 
was introduced previously (Fig. 14.14).110 It has been con-
firmed that once a level of inhibin B or AMH becomes 
undetectable, menopause will ensue in 4 to 5 years (see Fig. 
14.14A). There have been several prediction models of the 
age of natural menopause based on levels of AMH. A recent 
meta-analysis showed that AMH has good predictability with 
a hazard ratio of 5.6 to 9.2.21 Nevertheless, there is no absolute 
precision with this prediction and it is questionable whether 
this knowledge has any practical value.

AMH is a very useful and practical determinant in that 
it tends to undergo less cycle-to-cycle variation compared 
to FSH or inhibin B, and can be measured during any phase 
of the cycle.111 However, it should be kept in mind that the 
use of oral contraceptive pills can reduce AMH levels by 
approximately 20%.112

Effects on Various Organ Systems

◆ Estrogen has many powerful effects on brain anatomy and 
function, mediated through specific receptors.

◆ The hallmark feature of the drop in estrogen at the time of 
menopause is the hot flush or vasomotor instability.

◆ Recent data point to alterations in KNDy neurons in the 
hypothalamus at the time of menopause, which are linked 
to thermoregulatory centers in the brain.

Although some aging effects of the brain are likely to 
exist, there is abundant human evidence for an ovarian-
induced menopause. While there is slowing of LH pulsatility 
with aging in rodents, LH pulse frequency and amplitude 
increase with age as menopause approaches in women (Fig. 
14.13).106 A sleep-entrained alteration in GnRH pulse 
dynamics has been observed in postmenopausal women, 
namely the inability to increase GnRH pulse amplitude at 
night.107 There is some evidence that the high frequency 
and amplitude pulses of LH observed in the first few years 
in postmenopausal women slows down in late menopause108; 
this latter effect is clearly related to aging, per se.

Ovarian aging is a programmed event, and the return of 
atresia, accelerating at around age 37.5, until the natural age 
of menopause, has now been shown to occur in almost the 
exact way in the chimpanzee.109 Ovarian aging from a 
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FIGURE 14.15 Brain functional areas and endowment of types 
of estrogen receptors in the rat brain. (A) Each region of the 
brain has an important role in specific brain functions. Optimal brain 
activity is maintained by means of the integration of different areas 
by neural tracts. (B) Distribution of estrogen receptors ERα and ERβ 
mRNA in the rat brain. ARC, Arcuate nucleus; POA, preoptic area; 
PVN, paraventricular nucleus; SO, supraoptic nucleus; VMN, ventro-
medial nucleus. ([B] Modified from Cela V, Naftolin F: Clinical effects 
of sex steroids on the brain. In Lobo RA, editor: The treatment of 
postmenopausal woman: basic and clinical aspects, ed 2, Philadelphia, 
1999, Lippincott Williams & Wilkins, pp 247–262.)

◆ Collagen content decreases after menopause and is, at least 
in part, responsive to estrogen.

◆ Vulvovaginal complaints are common after menopause and 
increase with age, and are well defined.

◆ Treatment improves symptoms, including dyspareunia.
◆ Osteoporosis after menopause is occasioned by an increase 

in inflammatory factors that increase bone resorption in the 
face of estrogen decline.

◆ There are several biochemical and radiographic methods to 
assess bone turnover and bone density, but bone strength is 
most important in determining fracture risk.

◆ Many agents are now available for prevention and 
treatment.

◆ Degenerative arthritis correlates with aging, but it may also 
be related to estrogen insufficiency.

◆ CVD is the leading cause of death in women, and the risk 
increases from the onset of menopause.

◆ Estrogen protects against atherosclerosis prior to menopause 
and in younger women after menopause, before the develop-
ment of established atherosclerosis.

◆ Estrogen treatment in younger healthy postmenopausal women 
decreases coronary disease and mortality but is ineffective in 
older women and may be harmful.

◆ Stroke risk in women increases with age and is compounded 
by obesity and hypertension.

◆ The risk in younger women is ischemic in nature and is 
mediated by thrombotic risk factors.

Central Nervous System

Estrogen has powerful effects on the brain mediated by 
estradiol receptors α and β as well as membrane effects. 
Most data point to neuroprotective effects of estrogen and 
older observational data point to a benefit of postmenopausal 
estrogen of cognitive decline and Alzheimer disease (AD), 
but this has not been confirmed in prospective studies. There 
are well-defined physiological and hormonal changes that 
occur during the hot flush—the hallmark feature of meno-
pausal symptoms. A narrowing of the thermoregulatory zone 
is a theory for the etiology of the hot flush, but new data 
also point to alterations in hypothalamic kisspeptin, neuro-
tensin, and dynorphin (KNDy) neurons at menopause.

The brain is an active site for estrogen action and estrogen 
formation.113 Estrogen activity in the brain is mediated via 
estrogen receptors (ER)α and ERβ receptors. Whether or 
not a novel membrane receptor (non-ERα/ERβ) exists is 
still being debated.114 However, both genomic and nongenomic 
mechanisms of estrogen action clearly exist in the brain. Fig. 
14.15 illustrates the predominance of ERβ in the cortex 
(frontal and parietal) and the cerebellum, based on work in 
the rat.115,116 While 17β-E2 is a specific ligand for both recep-
tors, certain synthetic estrogens have a greater affinity for 
ERβ.

There are multiple actions of estrogen on the brain as 
reviewed by Henderson (Box 14.2)117; thus, there are 
important functions linked to estrogen that contribute to 
well-being in general and, more specifically, to cognition and 
mood. The hallmark feature of declining estrogen status in 
the brain is the hot flush, which is more generically referred 
to as a vasomotor episode.

The hot flash usually refers to the acute sensation of heat, 
while the flush or vasomotor episode includes changes in 

the early perception of this event and other skin changes 
(including diaphoresis). Hot flushes usually occur for 2 years 
after the onset of estrogen deficiency, but can persist for 10 
or more years.118,119 A recent longitudinal study from SWAN 
showed that the median duration of significant vasomotor 
symptoms is 7.4 years.120 In 10% to 15% of women, these 
symptoms are severe and disabling.118,121 In the United States, 
the incidence of these episodes varies in different ethnic 
groups. Symptoms are greatest in Hispanic and African-
American women, intermediate in white women, and lowest 
among Asian women (Fig. 14.16).122

The fall in estrogen levels precipitate the vasomotor 
symptoms. Although the proximate cause of the flush remains 
elusive, the episodes result from a hypothalamic response 
(probably mediated by catecholamines) to the change in 
estrogen status. The flush has been well characterized physi-
ologically. It results in heat dissipation as witnessed by an 
increase in peripheral temperature (finger, toe); a decrease 
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there may be interplay in the hypothalamus between the 
thermoregulatory center and release of GnRH/LH.

Data from Freedman have suggested that the major 
physiological finding in postmenopausal women with and 
without hot flushes is a narrowing of the temperature 
threshold for sweating and shivering in symptomatic women 
(Fig. 14.18).125 This has been the major theory expounded 
for hot flushes occurring in an estrogen deficient state; 
however, recent evidence points to brain neuromodulatory 
changes. The KNDy neurons in the hypothalamus activate 
kisspeptin and other receptors on GnRH neurons and activa-
tion releases GnRH. At the same time, KNDy neurons also 
impinge upon the thermoregulatory center in the hypothala-
mus. Estrogen loss has been shown to increase the size of 
KNDy neurons, and to activate the genes for neurokinin B 
and kisspeptin as suggested in Fig. 14.19.126 Experimentally, 
neurokinin B, activating neurokinin 3 has been shown to 
induce hot flushes in postmenopausal women.127 This activa-
tion of the KNDy neuronal system would also release GnRH/
LH, which is what has been observed during a hot flush. 
The potential exists, therefore, that specific neurokinin (NK) 

Box 14.2 Effects of Estrogen on  
Brain Function

1. Organizational actions
Effects on neuronal number, morphology, and connections 

occurring during critical stage of development
2. Neurotrophic actions

Neuronal differentiation
Neurite extension
Synapse formation
Interactions with neurotrophins

3. Neuroprotective actions
Protection against apoptosis
Antioxidant properties
Antiinflammatory properties
Augmentation of cerebral blood flow
Enhancement of glucose transport into the brain
Blunting of corticosteroid response to behavioral stress
Interactions with neurotrophins

4. Effects on neurotransmitters
Acetylcholine
Noradrenaline
Serotonin
Dopamine
Glutamate
γ-Aminobutyric acid
Neuropeptides

5. Effects on glial cells
 a. Effects on proteins involved in Alzheimer disease

Amyloid precursor protein
Tau protein
Apolipoprotein E
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in skin resistance, associated with diaphoresis; and a reduction 
in core body temperature (Fig. 14.17).123 There are hormonal 
correlates of flush activity, such as an increase in serum LH 
and in plasma levels of pro-opiomelanocortin peptides (ACTH, 
β-endorphin) at the time of the flush,124 but these occurrences 
are thought to be epiphenomena and not the proximate 
cause of the flush. Nevertheless, as will be discussed below, 
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Nevertheless, very high pharmacological doses of estrogen 
have been used to treat certain types of psychiatric depression 
in the past.140-142 Progestogens as a class generally attenuate 
the beneficial effects of estrogen on mood, although this 
effect is highly variable.143,144

Cognitive decline in postmenopausal women is related 
to aging as well as to estrogen deficiency. The literature is 
somewhat mixed in showing whether there are benefits of 
estrogen in terms of cognition. In more recent studies, verbal 
memory appears to be enhanced with estrogen145-148 and has 
been found to correlate with acute changes in brain imaging, 
signifying brain activation.147-149

Dementia increases as women age, and the most common 
form of dementia is AD. Listed in Box 14.2 are several 
neurotrophic and neuroprotective factors that relate to how 
estrogen deficiency may be expected to result in the loss of 
protection against the development of AD. In addition, 
estrogen has a positive role in enhancing neurotransmitter 
function, which is deficient in women with AD. This function 
of estrogen has particular importance and relevance for the 
cholinergic system that is affected in AD.150,151

antagonists (which are available for oral use) may be able to 
inhibit hot flushes in women.

One of the primary complaints of women with hot flushes 
is sleep disruption. They may awaken several times during the 
night, and require a change of bedding and clothes because 
of diaphoresis. Nocturnal sleep disruption in postmenopausal 
women with hot flushes has been well documented by elec-
troencephalographic (EEG) recordings.128 Sleep efficiency is 
lower, and the latency to rapid eye movement sleep is longer 
in women with hot flushes compared with asymptomatic 
women.118,129 This disturbed sleep often leads to fatigue and 
irritability during the day. The frequency of awakenings and of 
hot flushes are reduced appreciably with estrogen treatment 
(Fig. 14.20).128,131,132 Sleep may be disrupted even if the 
woman is not conscious of being awakened from sleep. In 
this setting, EEG monitoring has indicated sleep disruption in 
concert with physiological measures of vasomotor episodes.

In postmenopausal women, estrogen has been found to 
improve depressed mood regardless of whether or not this 
is a specific complaint.133-139 (Critics of some of this work 
point out that mood is affected by the symptomatology and 
by sleep deprivation.) Blinded studies carried out in asymp-
tomatic women have also shown benefit.138 In an estrogen-
deficient state, such as occurs after the menopause, a higher 
incidence of depression (clinical or subclinical) is often 
manifest. However, menopause per se does not cause depres-
sion, and while estrogen does generally improve depressive 
mood, it should not be used for psychiatric disorders. 
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has important implications for bone homeostasis and for the 
pelvis after menopause. Here, reductions in collagen support 
and atrophy of the vaginal and urethral mucosa have been 
implicated in a variety of symptoms, including prolapse and 
urinary incontinence.179,180

Symptoms of urinary incontinence and irritative bladder 
symptoms occur in 20% to 40% of perimenopausal and 
postmenopausal women.181-183 Uterine prolapse and other 
gynecological symptoms related to poor collagen support, 
as well as urinary complaints, may improve with estrogen 
therapy.184-186 While estrogen generally improves symptoms, 
urodynamic changes have not been shown to be altered.187,188 
Estrogen has also been shown to decrease the incidence of 
recurrence of urinary tract infections.189 These data relate 
to the use of vaginal estrogen, rather than the use of estrogen 
systemically. Somewhat paradoxically, systemic estrogen may 
increase stress urinary incontinence, while local vaginal therapy 
may improve urge incontinence.190

In Sweden, the restoration of bladder control in older 
women with estrogen has been shown to decrease the need 
for admission to nursing homes.191 Estrogen may also have 
an important role in normal wound healing. In this setting, 
estrogen enhances the effects of growth factors, such as 
transforming growth factor β (TGFβ).192,193

Genital Atrophy

Vulvovaginal complaints are often associated with estrogen 
deficiency. In the perimenopause, symptoms of dryness and 
atrophic changes occur in 21% and 15% of women, respec-
tively. However, these findings increase with time, and by 4 
years these incidences are 47% and 55%, respectively.194,195 
With this change, an increase in sexual complaints also occurs, 
with an incidence of dyspareunia of 41% in sexually active 
60-year-old women.196 Estrogen deficiency results in a thin 
and more pale vaginal mucosa. The moisture content is low, 
the pH increases (usually greater than 5), and the mucosa 
may exhibit inflammation and small petechiae.

With estrogen treatment, vaginal cytology changes have 
been documented, transforming from a cellular pattern 
of predominantly parabasal cells to one with an increased 
number of superficial cells. Along with this change, the 
vaginal pH decreases, vaginal blood flow increases, and 
the electropotential difference across the vaginal mucosa 
increases to that found in premenopausal women.197 Recent 
studies have suggested that intravaginal DHEA (0.25% to 
1%) is efficacious for altering vaginal cytology and symptoms 
of atrophy, presumably by allowing for local conversion to 
other androgens and estrogen.198 This product (prasterone) 
is now commercially available, having been approved by the 
US Food and Drug Administration (FDA) for symptoms of 
dyspareunia in postmenopausal women.

Bone Loss

Estrogen deficiency has been well established as a cause of 
bone loss. This loss can be noted for the first time when 
menstrual cycles become irregular in the perimenopause. 
From 1.5 years before the menopause to 1.5 years after 
menopause, spine bone mineral density (BMD) has been 
shown to decrease by 2.5% per year, compared with a 
premenopausal loss rate of 0.13% per year.199,200 Loss of 
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FIGURE 14.21 Estrogen and hormone replacement therapy 
use and Alzheimer disease risk. (Modified from LeBlanc ES, 
Janoowsky J, Chan BK, Nelson HD: Hormone replacement therapy and 
cognition: systematic review and meta-analysis. JAMA 285:1489–1499, 
2001.)

Estrogen use after menopause has been shown in obser-
vational studies to decrease the likelihood of developing or 
delay the onset of AD (Fig. 14.21).152-163 However, there 
are no randomized prospective studies as yet on this issue. 
It is clear, however, that if estrogen has a beneficial role, it 
is only in those women who receive estrogen at the onset 
of menopause; in older women it may be detrimental.164,165 
A recent short-term study could not show a cognitive benefit 
in women who received estrogen within 6 years of menopause 
and those who received it 10 years later.166 However, recent 
brain imaging studies have suggested that women treated 
early after menopause with estrogen may have less amyloid 
deposition, particularly if they have the Apo-E allele, a risk 
factor for AD.167 Once a woman is affected by AD, estrogen 
is unlikely to provide any benefit.168 In the Women’s Health 
Initiative (WHI) study, women over the age of 65 years 
receiving estrogen and progestogen for the first time had a 
decrease in cognition,169 which was not statistically significant 
for the group of women receiving estrogen alone.170 Still, to 
date, there are no compelling prospective data in younger 
postmenopausal women to confirm earlier observational 
studies on the benefits of estrogen in preventing cognitive 
decline or AD risk.

Collagen

Estrogen has a positive effect on collagen, which is an 
important component of bone and skin and serves as a major 
support tissue for the structures of the pelvis and urinary 
system. Both estrogen and androgen receptors have been 
identified in skin fibroblasts. Nearly 30% of skin collagen is 
lost within the first 5 years after menopause, and collagen 
decreases approximately 2% per year for the first 10 years 
after menopause.171 This statistic, which is similar to that of 
bone loss after menopause, strongly suggests a link between 
skin thickness, bone loss, and the risk of osteoporosis.172

Although the literature is not entirely consistent, estrogen 
therapy generally improves collagen content after menopause 
and improves skin thickness substantially after about 2 years 
of treatment.171,173-177 There is a possible biomodal effect 
with high doses of estrogen causing a reduction in skin 
thickness.171-178 The supportive effect of estrogen on collagen 
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from various causes) substantially jeopardizes peak bone mass. 
Adequate nutrition and calcium intake are also key deter-
minants. While estrogen is of predominant importance for 
bone mass in both women and men, testosterone is important 
in stimulating periosteal apposition; as a result, cortical bone 
in men is larger and thicker.206,207

ERs are present in osteoblasts,208,209 osteoclasts,210,211 and 
osteocystes.212,213 Both ERα and ERβ are present in cortical 
bone, while ERβ predominates in cancellous or trabecular 
bone.214 However, the more important actions of estradiol 
are believed to be mediated via ERα.

Estrogens suppress bone turnover and maintain a certain 
rate of bone formation.215 Bone is remodeled in functional 
units, called bone multicenter units (BMUs), where resorption 
and formation should be in balance.216 Multiple sites of bone 
go through this turnover process over time. Estrogen decreases 
osteoclasts by increasing apoptosis and thus reduces their 
lifespan.217 The effect on the osteoblast is less consistent, 
but E2 antagonizes glucocorticoid-induced osteoblast apop-
tosis.215,218 Estrogen deficiency increases the activities of 
remodeling units, prolongs resorption, and shortens the phase 
of bone formation215; it also increases osteoclast recruitment 
in BMUs, thus resorption outstrips formation.

The molecular mechanisms of estrogen action on bone 
involve the inhibition of production of proinflammatory cyto-
kines including interleukin-1, interleukin-6, and tumor necrosis 
factor, which inhibits bone resorption. Receptor-activation 
of nuclear factor kappa-B ligand (RANKL) is responsible 
for osteoclast differentiation and action.219-221 A scheme for 
how all these factors interact has been proposed by Riggs  
(Fig. 14.23).217

In women, Riggs has suggested that bone loss occurs in 
two phases. In the first phase, with declining estrogen at 
the onset of menopause there is an accelerated phase of 
bone loss; this loss is predominantly of cancellous or trabecula 
bone. Here 20% to 30% of cancellous bone and 5% to 10% 
of cortical bone can be lost in a short span of 4 to 8 years.222 

trabecula bone (spine) is greater with estrogen deficiency 
than is loss of cortical bone.

Postmenopausal bone loss leading to osteoporosis is a 
substantial healthcare problem. In white women, 35% of all 
postmenopausal women have been estimated to have osteo-
porosis based on BMD.201 Further, the lifetime fracture risk 
for these women is 40%.202 The morbidity and economic 
burden of osteoporosis is well documented.203 Interestingly, 
there are data to suggest that up to 19% of Caucasian men 
also have osteoporosis.

Bone mass is substantially affected by sex steroids through 
classic mechanisms to be described later in this chapter. 
Attainment of peak bone mass in the late second decade 
(Fig. 14.22)204 is key to ensuring that the subsequent loss 
of bone mass with aging and estrogen deficiency does not 
lead to early osteoporosis. Estradiol, together with GH and 
insulin-like growth factor-1, acts to double bone mass at the 
time of puberty,205 beginning the process of attaining peak 
bone mass. Postpubertal estrogen deficiency (amenorrhea 
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the peak bone mass of a young adult. Osteopenia is defined 
by a T score of −1 to −2.5 standard deviations; osteoporosis 
is defined as greater than 2.5 standard deviations. Since bone 
mass does not completely reflect bone strength, which is really 
what matters in terms of fracture risk, several approaches 
have been made to assess bone strength. An assessment of 
biochemical bone turnover (discussed later in the chapter), 
in addition to bone mass, is deemed important. One newer 
approach is to assess bone microarchitecture, a so-called 
virtual bone biopsy, by using a high-resolution (HR) peripheral 
(p) quantitative computed tomography (Fig. 14.24).233 This 
technique has been used to assess bone strength and formation 
in boys and girls to assess sex differences in bone growth and 
strength, and the risk of fracture.234 Various biochemical assays 
are also available to assess bone resorption and formation 
in both blood and urine (Table 14.3).235 At present, serum 
markers appear to be most useful for assessing changes with 
antiresorptive therapy. Biochemical assays can provide some 
functional information, which may be helpful in assessing 
bone strength, and can reflect changes in bone resorption/
formation more rapidly than imaging studies. However, these 
assays do not correlate well with bone density measurements.

Thereafter, a slower phase of loss (1% to 2% per year) ensues 
where, proportionately, more cortical bone is lost. This phase 
is thought to be induced primarily by secondary hyperpara-
thyroidism.223 The first phase is also accentuated by the 
decreased influence of stretching or mechanical factors, which 
generally promote bone homeostasis, as a result of estrogen 
deficiency.224-226

Genetic influences on bone mass are more important for 
attainment of peak bone mass (heritable component, 50% 
to 70%) than for bone loss. Polymorphisms of the vitamin 
D receptor gene, TGFβ gene, and the Spl-binding site in 
the collagen type 1 AI gene have all been implicated227 as 
being important for bone mass.

While testosterone is important for bone formation and 
stimulation of bone mass, even in men estrogen action is of 
paramount importance.228-230 Bone mass was shown to increase 
in an aromatase-deficient man upon estrogen administration.231

Bone mass can be detected by a variety of radiographic 
methods (Table 14.2).232 Dual energy x-ray absorptiometry 
scans have become the standard of care for detection of 
osteopenia and osteoporosis. By convention, the T score is used 
to reflect the number of standard deviations of bone loss from 

Table 14.2 Techniques for the Detection of Osteopenia

Technique Anatomical Site of Interest
Precision  
in vivo (%)

Examination and 
Analysis Time (min)

Estimated Effective 
Dose Equivalent (µSv)

Conventional radiography Spine, hip NA <5 2000
Radiogrammetry Hand 1–3 5–10 <1
Radiographic absorptiometry Hand 1–2 5–10 <1
Single x-ray absorptiometry Forearm, heel 1–2 5–10 <1
Dual x-ray absorptiometry Spine, hip, forearm, total body 1–3 5–20 1–10
Quantitative computed 

tomography
Spine, forearm, hip 2–4 10–15 50–100

Quantitative ultrasound Heel, hand, lower leg 1–3 5–10 None

NA, Not applicable.
Modified from van Kuijk C, Genant HK: Detection of osteopenia. In Lobo RA, editor. Treatment of the postmenopausal woman: basic and clinical 
aspects, ed 2, Philadelphia, 1999, Lippincott Williams & Wilkins, pp 287–292.
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FIGURE 14.24 High-resolution peripheral quantitative computed tomography. (A) Radiograph of distal radius; lines indicate the 
section analyzed. (B) Representative cross-sectional images from computed tomography slices. (C) Representative three-dimensional image. 
(Modified from Khosla S, Riggs BL, Atkinson EJ, et al: Effects of sex and age on bone microstructure at the ultradistal radius: a population-based 
noninvasive in vivo assessment. J Bone Miner Res 21:124–131, 2006.)
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for osteoporosis. Tibolone (not marketed in the United States) 
has SERM-like properties, but it is not specifically a SERM 
because it has mixed estrogenic, antiestrogenic, androgenic, 
and progestogenic properties due to its metabolites. The 
drug does not cause uterine or breast cell proliferation and 
is beneficial for vasomotor symptoms. It prevents osteoporosis 
and has been shown to be beneficial in the treatment of 
established osteoporosis.242,243

Bisphosphonates have been shown to have a significant 
effect on the prevention and treatment of osteoporosis. With 
this class of agents (etidronate, alendronate, residronate, 
ibandronate, and zoledronic acid) there is incorporation of 
the bisphosphonate with hydroxyapetite in bone, which 
increases bone mass. The skeletal half-life of bisphosphonates 
in bone can be as long as 10 years.244 Most data have been 
derived with alendronate, which, at a dosage of 5 mg daily 
(35 mg weekly) prevents bone loss; at 10 mg daily (70 mg 
weekly), alendronate is an effective treatment for osteopo-
rosis, with evidence available that this treatment reduces 
vertebral and hip fractures.245 Ibandronate is available as a 
monthly pill (150 mg) and by injection (3 mg) every 3 
months. It has primary efficiency for vertebral fracture 
protection. Zoledronic acid, 5 mg, is available as an intra-
venous therapy, with infusion over 15 minutes.

There has been some concern over this class of very 
powerful bone resorption agents causing fractures of the 
long bones such as the femur because of “brittle” bone.246 
This only occurs with prolonged use of at least 7 years, and 
the incidence is in the range of 3.2 to 50 per 100,000 
women.246 Osteonecrosis of the jaw has also been cited as 
a concern, but this mainly occurs in the presence of poor 
dental health, and is rare with an incidence in the range of 
1/10,000 women.247 With long-term therapy, atrial fibrillation, 
as an adverse event also occurs, although this too is rare.248 
These adverse effects appear to be a “class” effect of 
bisphosphonates. Nevertheless, while all these findings are 
rare events, there are no good data for prolonged treatment 
of 10 or more years. For these and other reasons, bisphos-
phonates are not the drugs of choice in younger women 
prior to natural menopause and should not be used in women 
who wish to conceive.

Calcitonin, 50 IU subcutaneous injections daily or 200 IU 
intranasally, has been shown to inhibit bone resorption. 
Vertebral fractures have been shown to decrease249,250 with 
calcitonin therapy. However, long-term effects have not been 
established.

Fluoride has been used for women with osteoporosis 
because it increases bone density.251 Currently, a lower dose 
(50 µg daily) of slow-release sodium fluoride does not seem 
to cause adverse effects (gastritis) and has efficacy in prevent-
ing vertebral fractures.252,253

Denosumab is a monoclonal antibody targeting RANKL, 
which is secreted by osteoblasts and causes bone resorption 
(see Fig. 14.22). Thus it is an antiresorptive agent with 
significant potency. Denosumab 60 mg is administered 
subcutaneously every 6 months, and while it has a preventative 
role it is usually considered to be a second-line treatment 
for difficult-to-treat cases. Denosumab has efficacy both at 
the vertebrae and the hip,254 but unlike the bisphosphonates, 
is shorter acting and wears off quickly rather than being 
bound to the bone with a long half-life in the case of 
bisphosphonates. Also it is devoid of the other side effects 

There are now many agents that can prevent osteoporosis. 
The use of estrogen will depend on whether or not there 
are other indications for estrogen treatment and whether 
there are contraindications. Estrogen has been shown to 
reduce the risk of osteoporosis as well as to reduce osteo-
porotic fractures. In the WHI study, hip fractures, as well 
as all fractures, were reduced with conjugated equine 
estrogens (CEE) and medroxyprogesterone acetate (MPA), 
and CEE alone, and this occurred in a nonosteoporotic 
population. Indeed, in a cohort of women who were followed 
after stopping hormones when the results of the WHI study 
were published, there was an increased risk of hip fracture 
and lower bone density compared to those women who 
continued therapy.236,237

A dose equivalent to 0.625 mg of CEE was once thought 
to prevent osteoporosis, but we now know that lower doses 
(0.3 mg of CEE or its equivalent) in combination with 
progestogens are able to prevent bone loss,238,239 although 
there are no data on fractures. Whether or not the addition 
of progestogens, by stimulating bone formation, increases 
bone mass over that of estrogen alone is unclear. The 
androgenic activity of certain progestogens such as northin-
drone acetate also has been suggested to play a role.240

Selective estrogen receptor modulators (SERMs), such as 
raloxifene, droloxifene, and tamoxifen, have all been shown 
to decrease bone resorption. Raloxifene has been shown to 
decrease vertebral fractures in a large prospective trial.241 
Tibolone has also been shown to be an effective treatment 

Table 14.3 Bone Turnover Markers

Marker Specimen

Bone Resorption Markers
Cross-linked N-telopeptide of type 

1 collagen (NTX)
Urine, serum

Cross-linked C-telopeptide of type 
1 collagen (CTX)

Urine (αα and ββ forms)
Serum (ββ form)

MMP-generated telopeptide 
of type 1 collagen (ICTP or 
CTX-MMP)

Serum

Deoxypyridinoline, free and 
peptide bound (fDPD, DPD)

Urine, serum

Pyridinoline, free and peptide 
bound (fPYD, PYD)

Urine, serum

OHP Urine
GylHyl Urine, serum
HelP Urine
Tartrate-resistant acid phospharase Serum, plasma
5b Isoform specific for osteoclasts 

(TRACP 5b)
Cath K Urine, serum
uOC Urine
Bone Formation Markers
OC Serum
Procollagen type 1 C-terminal 

propeptide (PICP)
Serum

Procollagen type 1 N-terminal 
propeptide (PINP)

Serum

Bone-specific alkaline phosphatase 
(bone ALP)

Serum

Cath K, Cathepsin K; GylHyl, glycosyl hydroxylysine; HelP, helical 
peptide; OC, osteocalcin; OHP, hydroxyproline; uOC, osteocalcin 
fragments.
Data from Eastell R, Hannon RA: Biochemical markers of bone 
turnover. In Lobo RA, editor: Treatment of the postmenopausal woman 
basic and clinical aspects, 3 ed, St. Louis, 2007, Elsevier Academic Press, 
pp 337–350.
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Cardiovascular Effects

Clearly after menopause, the risk of CVD in women is 
increased. Data from the Framingham study266 have shown 
that the incidence is three times lower in women before 
menopause than in men (3.1 per 1000 per year in women 
aged 45 to 49). The incidence is approximately equal in men 
and women aged 75 to 79 (53 and 50.4 per 1000 per year, 
respectively). This trend also pertains to gender differences 
in mortality due to CVD. Coronary artery disease is the 
leading cause of death in women, and the lifetime risk of 
death is 31% in postmenopausal women versus a 3% risk of 
dying of breast cancer.267

Although CVD becomes more prevalent only in the later 
years following a natural menopause, premature cessation 
of ovarian function (before the average age of menopause) 
constitutes a significant risk. Premature menopause, occurring 
before age 35, has been shown to increase the risk of 
myocardial infarction twofold to threefold, and oophorectomy 
before age 35 increases the risk severalfold.268

An analysis of several studies on this issue has been 
conducted and reviewed,269 as shown in the data depicted 
in Fig. 14.25, on the effect of early menopause on the 
prevalence and type of CVD. It has been suggested that 
total mortality is increased if bilateral oophorectomy occurs 
even after the natural menopause, until around age 60. This 
change in total mortality is due to an excess in coronary 
disease, suggesting a protective effect of the ovary even 
beyond the normal age of menopause.270

When the possible reasons for the increase in CVD are 
examined, the most prevalent finding is that of the accelerated 
rise in total cholesterol in postmenopausal women. The 
changes of weight, blood pressure, and blood glucose with 
aging, while important, are not thought to be as important 
as the rate of rise in total cholesterol, which is substantially 
different in women versus men. This increase in total 
cholesterol is explained by increases in levels of low-density 
lipoprotein cholesterol (LDL-C). The oxidation of LDL-C 
is also enhanced, as are levels of very-low-density lipoproteins 
and Lp(a) lipoprotein. HDL-C levels trend downward with 
time, but these changes are small and inconsistent relative 
to the increases in LDL-C.271

Coagulation balance is not substantially altered as a 
counterbalancing change occurs. Some procoagulation factors 
increase (Factor VII, fibrinogen, and plasminogen activator 
inhibitor-1 [PAI-1]), but so do counterbalancing factors like 
antithrombin III, plasminogen, protein C, and protein S.272 
Inflammation markers, such as C-reactive protein and 
cytokines, are increased; and blood flow in all vascular beds 
decreases after menopause. Prostacyclin production decreases, 
endothelin levels increase, and vasomotor responses to 
acetylcholine are constrictive, reflecting reduced nitric oxide 
synthetase activity. With estrogen, all these parameters 
(generally) improve and coronary arterial responses to 
acetylcholine are dilatory with a commensurate increase in 
blood flow.273-280 Circulating plasma nitrites and nitrates have 
also been shown to increase with estrogen, and angiotensin-
converting enzyme levels tend to decrease. Estrogen and 
progesterone receptors have been found in vascular tissues, 
including coronary arteries (predominantly ERβ). In addition, 
there are membrane effects mediated by estrogen—which 
may or may not relate to either ERα or ERβ.281,282 The 

of bisphosphonates (fractures, osteonecrosis, etc.) described 
above. Because of this profile and its benefit at the hip as 
well as the spine, denosumab has emerged as a popular 
therapy. Nevertheless, as a newer form of immune therapy, 
long-term potential consequences are not known.

An inhibitor of cathepsin K, odanacatib, also has a  
significant effect on decreasing bone resorption and has  
been successful in clinical trials at vertebral and nonvertebral 
bone sites.255 However, odanacatib is not yet available for 
clinical use.

Intermittent parathyroid hormone (PTH 1-34, teriparatide) 
is an agent that increases bone mass in women with osteo-
porosis. In a randomized trial lasting 3 years, average bone 
density increased in the hip and spine with fewer fractures 
observed.256 This therapy is available in the United States, 
at a standard dose of 20 µg/day injected subcutaneously for 
no longer than 18 months. It is expensive and is reserved 
for women who are difficult to treat and have a history of 
fractures.257

Another agent, which has the ability to increase bone 
formation, is a monoclonal antibody against sclerosin. Sclerosin 
is an inhibitor of normal bone formation, which activated 
the Wnt signaling system. While this monoclonal antibody, 
romosozumab, has shown great efficacy in increasing bone 
formation,258 its cardiovascular risk profile has not been 
acceptable; and it is unlikely that this drug will be available 
for clinical use.

Adjunctive measures for the prevention of osteoporosis 
are calcium, vitamin D, and exercise. Calcium with vitamin 
D treatment has been shown to increase bone only in older 
individuals.259 These modalities alone are not thought to be 
effective for the treatment of osteoporosis. A woman’s total 
intake of elemental calcium should be 1200 to 1500 mg 
daily if no agents are being used to inhibit resorption, 400 
to 800 IU of vitamin D should also be ingested. Levels of 
serum 25 hydroxy vitamin D have been found to be abnor-
mally low (<20 ng/mL) in a large population of women, 
particularly in geographic regions of less sunlight exposure. 
Exercise has been shown to be beneficial for building muscle 
and bone mass and for reducing falls.260,261 Guidelines regard-
ing the management of osteoporosis were published by the 
National Osteoporosis Foundation, last updated in 2013 
(www.nof.org). An update analysis has suggested that 37% 
of women are candidates for treatment to prevent fractures.262 
Also, the World Health Organization (WHO) has produced 
guidelines for assessing an individual’s risk of osteoporosis 
based on history, anthropometry, and BMD. This new para-
digm, called the Fracture Risk Assessment Tool, may be 
obtained at www.shef.ac.uk/FRAX.

Degenerative Arthritis

Chronic arthritis is a major source of disability in postmeno-
pausal women, and while this is largely correlated with older 
age, there is some evidence that estrogen deficiency after 
menopause may contribute to its progression. Administration 
of estrogen after menopause has been shown to inhibit the 
damage to chondrocytes, which is a key activator of the 
problem of arthritis.263,264 In the WHI study, the estrogen 
alone trial showed evidence for a significant decrease in 
osteoarthirits.264,265 Nevertheless, much more work is needed 
in this area.
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with significant atherosclerosis or risk factors, such as those 
studied in a secondary prevention trial, do not respond in a 
beneficial manner (see Fig. 14.26).284-288 Some of this lack 
of effect may be accounted for by increased methylation of 
the promoter region of ERα, which occurs with atherosclerosis 
and aging.289

Another theory proposed to explain differences in the 
effects of estrogen when given earlier rather than later is 
the interfering effect of endogenous 27-hydroxy cholesterol. 
This endogenous metabolite of cholesterol increases with 

statements above pertain to the effects of estrogen in a rela-
tively normal coronary artery (devoid of significant athero-
sclerosis). Once there is significant atherosclerotic plaque, 
the normal actions of estrogen do not occur (Fig. 14.26).283

Overall, the direct vascular effects of estrogen are viewed 
to be as important, or more important, than the changes in 
lipid and lipoproteins after menopause. While replacing 
estrogen has been thought to be beneficial for the mechanisms 
previously cited, these beneficial arterial effects can only be 
seen in younger (stage +1) postmenopausal women. Women 
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FIGURE 14.25 Effect of “early” menopause on types of cardiovascular disease. (From Atsma F, Bartelink ML, Grobbee DE, et al: 
Postmenopausal status and early menopause as independent risk factors for cardiovascular disease: a meta-analysis. Menopause 13[2]:265–279, 
2006 [review]. See reference 68 for data sources.)
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there was a trend towards more harm. Results from several 
“secondary prevention” randomized trials in women who 
had coronary disease,294-296 found a lack of benefit, and in 
some studies, there were more coronary events in older 
women given estrogen at a standard dose for the first time.296

This trend toward increased cardiovascular events in 
women who are older and/or who have documented diseased 
coronary arteries (“early harm”)284,296-296 occurs within the 
first 1 to 2 years. This is thought to result from oral estrogen 
increasing circulating levels of matrix metalloproteinases, 
which dissolve part of the gelatinous plaque in the mural 
portion of an atherosclerotic coronary vessel, causing plaque 
instability and rupture resulting in a coronary thrombosis.297 
The WHI trial, which compared CEE/MPA with placebo, 
showed this effect in older women.298 This trial was considered 
to be a primary prevention trial, but with a mean age of 63 
years and a range up to 79 years, there were many fewer 
younger women in their 50s recruited, and the higher fre-
quency of cardiovascular events reported for the entire study 
was predominantly explained by the findings in the older 
cohort of women.

The protective effect of estrogen demonstrated in the 
Nurse’s Health Study (see Fig. 14.28)293 as well as other 
observational cohorts, evaluated by meta-analyses, was because 

advancing levels of cholesterol and competes for binding 
with E2 at the ER in the endothelium. Thus, when cholesterol 
is elevated, high levels of 27-C may prevent estrogen action 
(Fig. 14.27).290

In normal, nonobese postmenopausal women, carbohydrate 
tolerance also decreases as a result of an increase in insulin 
resistance. This, too, may be partially reversed by estrogen.291 
In postmenopausal women, use of hormones decreases the 
risk of new onset diabetes.

Biophysical and neurohormonal responses to stress (stress 
reactivity) are exaggerated in postmenopausal women 
compared with premenopausal women, and this heightened 
reactivity is blunted by estrogen.292 Whether or not these 
changes influence cardiovascular risk with estrogen deficiency 
is not known, but clearly estrogen treatment returns many 
parameters into the range of premenopausal women in early 
postmenopausal women.

These consistently strong basic science and clinical data 
for the protective effects of estrogen on the cardiovascular 
system, together with strong epidemiological evidence for 
a protective effect of estrogen (Fig. 14.28),293 led to the 
belief that estrogen should be prescribed to prevent CVD 
in women. However, randomized clinical trials (RCTs) in 
women with established disease did not find benefit, and 
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FIGURE 14.27 Hypothesis of how elevated cholesterol (27-hydroxycholesterol [27HC]) can influence the effect of estradiol 
(E2). ER, Estrogen receptor; NO, nitric oxide; NOS, nitric oxide synthase. (From Umetani M, Domoto H, Gormley AK, et al: 27-Hydroxycholesterol 
as an endogenous SERM that inhibits the cardiovascular effects of estrogen. Nat Med 13[10]:1185–1192, 2007.)
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FIGURE 14.28 Estrogen replacement therapy and coronary heart disease. Relationship between relative risk and study type. (Modified 
from Stampfer MJ, Colditz GA: Estrogen replacement therapy and coronary heart disease: a quantitative assessment of the epidemiologic evidence. 
Prev Med 20:47–63, 1991.)
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pertains to various trials with end points of coronary events, 
or angiographically determined disease, as noted above, and 
does not appear to be modified by the hormonal regimen 
or route of administration. This is also true whether or not 
the woman has sustained a known coronary event. Since 
atherosclerosis is highly age dependent, even women who 
have not had a coronary event have diseased arteries (Fig. 
14.30).303 Also, as shown in Fig. 14.30, well over 70% of 
the women studied in the WHI would have been expected 
to have atherosclerotic vessels.

As noted previously, the “early harm” observed when 
older women are exposed to estrogen for the first time is 
likely due to plaque instability and rupture. It has been 
reported that these effects in older women were not observed 
in those women receiving statins concurrently.304 Statins are 
known to stabilize plaque. In women who had been receiving 
estrogen for a prolonged time, mortality was decreased in 
those who sustained a myocardial infarction.305 Young women 
initiating hormones within the first few years of menopause 
do not appear to have the risk described in previous text. 
No increase in cardiovascular events was found in young 
healthy symptomatic women during the first 2 years of various 
hormonal regimens in clinical trials.306

In concert with the view that estrogen given to early (and 
younger) postmenopausal women may have different effects, 
data have been analyzed in the 50- to 59-year-old age group 
in WHI, and in those less than 10 years from menopause. 
The definitions of menopause in WHI were not precise, and 
more women in the 50- to 59-year-old age group were older 
than 55 years old. The data are in strong contrast to the 
results of the entire group (two-thirds over 60 years old). 
In the estrogen only arm of WHI (hysterectomized women) 
receiving CEE 0.625 mg, the 50- to 59-year-old age group 
had reduced coronary event scores of borderline significance 
and a composite coronary score of statistical significance.307 
An analysis of 20 RCTs in younger women (which included 
WHI) showed a statistically significant benefit in the reduction 
of coronary events308 and mortality.309,310 Younger women  
in WHI using estrogen only also had significantly reduced 
coronary calcium.308 Ten-year follow up data of the estrogen 
alone arm published in 2011 confirmed that the 50- to 

treatment was carried out in predominantly young healthy 
women who were symptomatic, and were receiving estrogen 
for menopausal symptoms.

Table 14.4 compares the demographics of the participants 
of WHI and the Nurse’s study. Trials carried out in the 
monkey model have shown that there is a 50% to 70% protec-
tive effect against coronary atherosclerosis when estrogen 
is begun at the time of oophorectomy, with or without an 
atherogenic diet; delaying the initiation of hormonal therapy 
for even 2 years (in the monkey) prevents this protective 
effect (Fig. 14.29).299-303 This early intervention is thought 
to relate to the first 6 years after menopause in women.

It is now well established that the late treatment of 
postmenopausal women with standard doses of estrogen may 
be harmful and affords no coronary protection. This finding 

Table 14.4 Baseline Characteristics: Nurses’ Health 
Study Compared with Women’s Health Initiative

Characteristic NHS WHI

Mean age or age range at 
enrollment (years)

30–55 63

Smokers (past and current) 55% 49.9%
BMI (mean) 25.1 kg/m2 28.5 kg/m2*
Aspirin users 43.9% 19.1%
HT regimen Unopposed or 

sequential
Continuous-

combined
Menopausal symptoms 

(flushing)
Predominant Uncommon

*34.1% had BMI ≥ 30 kg/m2.
BMI, Body mass index; HT, hormone therapy; NHS, Nurses’ Health 
Study; WHI, Women’s Health Initiative study.
Data from Colditz GA, Stampher MJ, Willet WC, et al: A prospective 
study of parental history of myocardial infarction and coronary heart 
disease in women. Am J Epidemiol 123:48–58, 1986; Grodstein F, 
Manson JE, Colditz GA, et al: A prospective, observational study of 
postmenopausal hormone therapy and primary prevention of 
cardiovascular disease. Ann Intern Med 133:933–941, 2001; Grodstein 
F, Stampfer MJ, Manson JE, et al: Postmenopausal estrogen and 
progestin use and the risk of cardiovascular disease. N Engl J Med 
335:453–461, 1996; and Writing Group for the WHI Investigators. 
Risks and benefits of estrogen plus progestin in healthy 
postmenopausal women. JAMA 288:321–333, 2002.
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FIGURE 14.29 Importance of timing of intervention on the effect of estrogens on atherogenesis in nonhuman primates. 
CEE, Conjugated equine estrogens. (Modified from Clarkson TB, Anthony MS, Jerome CP: Lack of effect of raloxifene on coronary artery atherosclerosis 
of postmenopausal monkeys. J Clin Endocrinol Metab 83:721–726, 1998; Adams MR, Register TC, Golden DL, et al: Medroxyprogesterone acetate 
antagonizes inhibitory effects of conjugated equine estrogens on coronary artery atherosclerosis. Arterioscler Thromb Vasc Biol 17:217–221, 1997; 
Clarkson TB, Anthony MS, Morgan TM: Inhibition of postmenopausal atherosclerosis progression: a comparison of the effects of conjugated equine 
estrogens and soy phytoestrogens. J Clin Endocrinol Metab 86:41–47, 2001; and Williams JK, Anthony MS, Honore EK, et al: Regression of ath-
erosclerosis in female monkeys. Arterioscler Thromb Vasc Biol 15:827–836, 1995.)
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risk-benefit profile compared to older women. The effects 
of estrogen alone may be summarized in Table 14.5. However, 
it should be noted that even with CEE/MPA, with 13 years 
of follow-up data, the coronary events witnessed were not 
increased for the entire group or even in any specific age 
group, when considered separately. This is in vast contrast 

59-year-old group had a significant reduction in coronary 
heart disease events and total mortality.311 The latest long-term 
follow-up of both the estrogen alone and the estrogen/
progestogen arms of the hormone trials, was published in 
2013 (Fig. 14.31).312 Clearly younger women, aged 50 to 
59 or less than 10 years from menopause, had a much better 
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FIGURE 14.30 Relationship between number of years since menopause to progression of atherosclerosis in Women’s Health 
Initiative (WHI) enrollees. MMP-9, Matrix metalloproteinase-9. (Modified from Clarkson TB: The new conundrum: do estrogens have any 
cardiovascular benefits? Int J Fertil 47:61–68, 2002.)

CEE�MPA Trial

No. (%) of Events2No. (%) of Events2

CEE�MPA
(n = 8506)

Placebo
(n = 8102)

Difference/
10,000 PYa

HR
(95%CI)

HR
(95%CI)

P for
Trendc

CEE
(n = 5310)

Placebo
(n = 5429)

Difference/
10000 PYb

Favors
Hormone
Therapy4

Favors
Placebo

Primary End Points

Coronary heart disease

lnvasive breast cancer

Other End Points in Global Index

Stroke

Pulmonary embolism

All–cause mortality

Global Index

CEE Alone Trial

CEE�MPA vs placebo

CEE alone vs placebo

50–59 y �26 0.82 (0.68-0.98)1.08 (0.94-1.24)431 (1.27) 377 (1.17) 10 264 (1.36)214 (1.10)

70–79 y 33 1.10 (0.97-1.25)1.06 (0.96-1.17)768 (4.36) 714 (4.12) 24 496 (3.90)523 (4.23)

60–69 y 0.83 8 1.03 (0.92-1.15)1.05 (0.96-1.15)999 (2.33) 906 (2.21) 11 637 (2.40)637 (2.47)

50–59 y �11 0.65 (0.44-0.96)1.27 (0.93-1.74)93 (0.26) 69 (0.21) 5 64 (0.32)42 (0.21)

70–79 y 0 1.01 (0.80-1.28)1.17 (0.95-1.44)193 (0.98) 162 (0.84) 14 141 (1.03)138 (1.03)

0.99 0 1.00 (0.82-1.23)0.97 (0.79-1.18)60–69 y 201 (0.44) 199 (0.46) �2 188 (0.67)183 (0.67)

50–59 y �7 0.76 (0.52-1.11)1.34 (1.03-1.75)132 (0.37) 93 (0.28) 9 61 (0.30)46 (0.23)

60–69 y 0.72 �8 0.78 (0.58-1.05)1.27 (1.02-1.57)198 (0.43) 149 (0.34) 9 105 (0.37)80 (0.29)

70–79 y �5 0.85 (0.56-1.28)1.25 (0.94-1.67)104 (0.53) 81 (0.42) 11 50 (0.36)42 (0.31)

50–59 y �1 0.96 (0.60-1.55)1.37 (0.89-2.11)52 (0.15) 35 (0.10) 4 36 (0.18)33 (0.16)

60–69 y 0.40 9 1.25 (0.97-1.60)1.16 (0.92-1.45)168 (0.36) 138 (0.32) 5 114 (0.40)134 (0.49)

70–79 y 7 1.12 (0.85-1.46)1.10 (0.87-1.38)156 (0.79) 138 (0.72) 8 103 (0.75)111 (0.82)

50–59 y 1 1.06 (0.58-1.93)1.24 (0.74-2.06)35 (0.10)  26 (0.08) 2  21 (0.10)22 (0.11)

60–69 y 0.46 7 1.45 (0.97-2.15)1.14 (0.82-1.58)79 (0.17) 65 (0.15) 2  42 (0.15)59 (0.21)

50–59 y �12 0.78 (0.59-1.03)0.88 (0.70-1.11)141 (0.39) 149 (0.44) �5 115 (0.56)90 (0.45)

60–69 y
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Trendc
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0.12

0.70

0.87

0.43

0.100.23 1 1.02 (0.87-1.19)0.99 (0.87-1.13)452 (0.97) 429 (0.97) �1 308 (1.07)301 (1.08)

70–79 y 11 1.06 (0.90-1.24)1.04 (0.91-1.20)418 (2.07) 388 (1.97) 9 302 (2.15)313 (2.26)

FIGURE 14.31 Cumulative outcomes with 13 years of follow-up for women receiving conjugated equine estrogens (CEE) 
with medroxyprogesterone acetate (MPA) or CEE alone in various age groups in the Women’s Health Initiative (WHI). Results 
are more favorable in younger women and in those receiving CEE alone. (Data from Manson JE: Menopausal hormone therapy and health 
outcomes during the intervention and extended poststopping phases of the Women’s Health Initiative randomized trials. JAMA 310:1353–1368, 
2013.)
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Table 14.5 Cumulative Data From the Estrogen 
Alone Arm of Women’s Health Initiative Study After 
13 Years in the 50- to 59-Year-Old Group of Women 
(Relative Risks and Absolute Risks)

Coronary heart 
disease

0.65 (0.44–0.96) −11/10,000 
woman years

Myocardial infarction 0.60 (0.39–0.91) −11/10,000 
woman years

Breast cancer 0.76 (0.52–1.11) −7/10,000 
woman years

All cancers 0.80 (0.64–0.99) −18/10,000 
woman years

Global index 0.82 (0.82–0.98) −26/10,000 
woman years

Mortality 0.78 (0.59–1.03) −12/10,000 
woman years

Data from Manson JE, Chlebowski RT, Stefanick ML, et al: Menopausal 
hormone therapy and health outcomes during the intervention and 
extended poststopping phases of the Women’s Health Initiative 
randomized trials. JAMA 310:1353–1368, 2013.

Event by Age Group, y

No. (%) of Events

CEE Placebo
HR

(95% Cl)

HR (95% Cl)

Favors
CEE

Favors
Placebo

Hazard ratio (HR)
Overall follow-up
Intervention phase

P value
for Interaction

CHD
50-59
60-69
70-79

33 (0.18)
161 (0.65)
125 (1.01)

27 (0.15)
126 (0.51)
101 (0.82)

29 (0.16)
114 (0.46)

92 (0.74)

20 (0.11)
57 (0.23)
40 (0.32)

19 (0.10)
47 (0.19)
21 (0.17)

43 (0.24)
68 (0.27)
40 (0.32)

14 (0.08)
37 (0.15)
38 (0.30)

8 (0.04)
38 (0.15)
68 (0.54)

65 (0.35)
254 (1.00)
258 (2.02)

184 (1.04)
544 (2.29)
466 (4.04)

56 (0.31)
168 (0.65)
121 (0.95)

50 (0.27)
124 (0.48)

84 (0.66)

28 (0.15)
94 (0.36)
84 (0.66)

28 (0.15)
49 (0.19)
33 (0.26)

16 (0.09)
31 (0.12)
29 (0.22)

54 (0.30)
95 (0.37)
50 (0.39)

18 (0.10)
43 (0.16)
21 (0.16)
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45 (0.17)
77 (0.61)

89 (0.48)
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239 (1.83)
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423 (3.56)
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1.23 (0.92-1.65)
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FIGURE 14.32 Ten-year follow-up of the estrogen alone arm in Women’s Health Initiative showing in the 50- to 59-year-old 
age group a significant reduction in coronary heart disease (CHD) events and total mortality. CEE, Conjugated equine estrogens; 
HR, high resolution; MI, myocardial infarction. 

to the original publication in 2002, which suggested a sig-
nificantly increased coronary risk in all groups.312

While it is plausible to conclude that there is some 
attenuation of the coronary benefit with the continuous 
addition of MPA, the trials in WHI were different, and 
studied different populations of women. Also providing some 
evidence that certain progestogens and regimens may not 
attenuate the coronary benefit are trials from Denmark and 
Finland, which show a coronary benefit and decreased 
mortality with estradiol alone and estradiol combined with 
norethindrone (NET) acetate.313-315 The WHI conducted an 
observational trial in parallel with the RCTs. The results of 
the observational trials are more in keeping with the older 
observational data suggesting coronary protection and with 
no adverse effects on stroke.316,317 These data and reports 
from WHI reinforce the notion that early initiation of therapy 
and length of treatment influences these findings.307,318

A Bayesian meta-analysis looking at randomized trials and 
observational data in younger women confirmed an approxi-
mate 30% reduction in mortality (Fig. 14.32),319 which is 
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were distant from the onset of menopause.321 In the 4-year 
KEEPS trial, which compared CEE 0.45 mg to transdermal E2, 
50 µg and placebo, statistical benefit between the three arms 
in Carotid-Intima-Media Thickness (CIMT) was not seen, 
although there were other beneficial effects of estrogen.321 
There was a trend for a reduction in coronary calcium with 
estrogen (Fig. 14.33). It may be hypothesized that these 
younger healthy women at the onset of menopause did not 
have sufficient atherosclerosis progression over 4 years to 
differentiate the placebo effect from estrogen. ELITE was 
a true test of the “timing” hypothesis and was published 
in 2016.322 This was a 5-year prospective study of women 
receiving estradiol 1 mg who were either within 6 years 
of menopause onset or treated more than 10 years after 
menopause. Carotid IMT was the primary endpoint, and 
showed a benefit in terms of progression of IMT thickness, 
compared to placebo in the younger women, but not in the 
women more than 10 years from menopause (Fig. 14.34).322 
Coronary calcium changes, however, were similar in the two 
groups suggesting a longer duration of observation may be 
required. In keeping with the timing hypothesis, Danish 
women treated for 10 years from the onset of menopause had 
a significant reduction in mortality and a composite coronary 
outcomes index in a 16-year follow-up study (Fig. 14.35).313

Putting all these studies and meta-analyses together, it 
seems quite compelling that younger women benefit in terms 
of coronary disease prevention and reductions in total mortal-
ity. The data are similar to older observational data described 
above. This has led to the suggestion that we may consider 
using estrogen-based therapy as a general preventative therapy 
for early postmenopausal women.323 Indeed the suggestion 
is that we may have come full circle in our thinking about 
the use of hormones after menopause(Fig. 14.36).323 It is 
important to note that this supposition is bolstered by the 
lack of efficacy of other prevention strategies used in men, 
such as aspirin and statins, which in women have not been 
shown to reduced mortality.324-331 Only lifestyle improvements 
have been shown to have any significant effect in women 
and the magnitude of this effect, 10% to 16% reduction in 
risk,332 is half of the findings in benefit shown for estrogen, 
as discussed above.

completely consistent with older data. A Cochrane meta-
analysis also concluded that in younger women there was 
coronary benefit and a reduction in total mortality.320 Table 
14.6 compiles these findings on the reduction in all-cause 
and coronary mortality for younger and older women.

Although the “timing” hypothesis suggests that younger 
women receiving hormone therapy at the onset of meno-
pause may have a reduction in CVD while older women 
may be subjected to harm, this has not been subjected to 
the rigors of RCTs until recently. Because cardiovascular 
events are rare in younger women, a very long trial would 
be required to demonstrate an effect. Therefore, in trials 
of approximately 4 to 5 years duration, only intermediate 
cardiovascular endpoints can be studied, such as carotid 
intima-media thickness and coronary calcium, which may 
or may not relate to hard endpoints, such as myocardial 
infarction and cardiovascular mortality. The Kronos Early 
Estrogen Prevention Study (KEEPS) and the Early versus Late 
Intervention Trial with Estradiol (ELITE) are two recently 
conducted trials on this point. However, KEEPS did not truly 
test the “timing” hypothesis as only younger postmenopausal 
women participated, and there were no women treated who 

Table 14.6 Changes in Mortality: Analysis of 
Prospective Trials of Hormone Therapy Meta-Analysis 
by the Cochrane Collaboration

Cardiovascular mortality in all women* versus placebo: 0.96 
(0.78–1.18)

CHD mortality in women >10 years since menopause: 1.07 
(0.96–1.20)

All-cause mortality in women† <10 years since menopause: 
0.70 (0.52–0.95)

CHD mortality in women <10 years since menopause: 0.52 
(0.29–0.96)

*All primary and secondary prevention trials.
†Versus placebo.
CHD, Coronary heart disease.
Data from Boardman HM, Hartley L, Eisinga A, et al: Hormone therapy 
for preventing cardiovascular disease in postmenopausal women. 
Cochrane Databse Syst Rev (3):CD002229, 2015.
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in younger women are more of a borderline nature and 
constitute very few events. Age, obviously, and particularly 
hypertension, influences the risk of stroke in postmenopausal 
women; and this is significantly influenced by the dose and 
route of administration of estrogen.333 It is ischemic stroke, 
and not hemorrhagic stroke, which is influenced by the use  
of HT.

When large numbers of women are studied, both meta-
analyses334 and observational studies335 have shown a small 
but significant increased risk of ischemic stroke with standard 
doses of hormone therapy. This is in the range of a 30% 
increase (RR, ~1 to 3), because in younger postmenopausal 
women the risk of stroke is 6 to 8/10,000 women-years, 
the absolute risk is no more than 1 to 2 cases/10,000 women/
year, a truly rare event. Our recent analysis suggests that 
those rare events in younger, postmenopausal women336 are 
related to thrombosis, such as occurs rarely in women on 
oral contraceptives337 and is not due to atherosclerosis, which 
occurs in older women. In concert with this is the observation 
that less prothrombotic forms of hormone therapy (trans-
dermal)334 and lower doses335 have not been found to increase 
the risk of ischemic stroke.

It has been acknowledged for some time that oral estrogen 
increases the risk of venous thrombosis and thromboembolism 
(VTE) in postmenopausal women. This risk tends to occur 

Stroke

Stroke is the third leading cause of death in women, and 
the interaction between hormones and stroke risk in women 
has been studied for some time.

In the original papers of the WHI study, overall stroke 
was significantly increased in women receiving CEE-MPA 
or CEE. However, the findings of increased stroke risk 
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Further data from this cohort of women in the ESTHER 
study showed no increase in VTE risk with transdermal 
estrogen.340,341 Several other recent studies have suggested 
the relative safety of transdermal over oral estrogen, even 
in high-risk patients, unless higher doses (≥50 µg/day) are 
used (Fig. 14.37).340-343

As noted earlier, blood pressure increases after menopause, 
which increases CV risk. Apart from an idiosyncratic hyper-
tensive response to oral estrogen in some women, the overall 
effect of estrogen on blood pressure is neutral, including 
women who are already hypertensive. There are studies 
showing some small increase, others showing no changes and 
others showing a decrease, even in hypertensive women.344 
Uncontrolled hypertension in postmenopausal women 
constitutes a major concern for stroke, and this may be 
aggravated in some women with the use of HT.

Breast Cancer

◆ Breast cancer risk increases with aging after menopause, and 
most cancers are estrogen responsive tumors.

◆ Estrogen-alone therapy does not increase the risk through a 
promotional effect, except with prolonged use at high doses.

◆ There is evidence that breast cancer mortality is reduced in 
users of estrogen.

early (within the first 1 to 2 years of therapy) and is markedly 
increased if there is an underlying thrombophilia (about a 
15-fold increased risk).338 However, in the absence of a family 
history or a prior thrombotic event, it is not standard practice 
to screen for factor V Leiden mutation or other abnormalities. 
Although the RR of thrombosis with oral estrogen is in the 
range of 2 to 3, the prevalence of this is low, particularly in 
a younger population. For example, the risk of pulmonary 
embolism may increase from 20 to 40 cases per 100,000 
women years with HT, but this is less than the general risk 
of VTE observed in pregnancy (60/100,000 women/year). 
The overall RR of VTE reported in the WHI study was in 
the range of 2 to 3 as noted above, but did not achieve statisti-
cal significance in the hysterectomized group using estrogen 
alone. Although this was a more obese group who could 
have been considered at higher risk, two other possibilities 
exist. The first is that approximately 50% of women had 
used estrogen in the past, and it is possible that this population 
of exposed women had received therapy beyond the first 
year or two when VTE usually occurs in susceptible women, 
and were not susceptible. Second, there is a possibility that 
the progestogen addition (MPA) with CEE increases the risk 
further. In a larger French observational study, the type of 
progestogen was considered to confer an additional risk of 
VTE, with natural progesterone not enhancing the risk.339 
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the WHI study, 93.3% were occult lesions that grew and 
6.7% arose de novo. Therefore, the promotional effect of E 
+ P shortened the doubling time from an average of 200 
days to 150 days, allowing for early detection by mam-
mography towards the end of the trial.350 With estrogen-alone 
therapy in the WHI study, the reverse was suggested with 
apoptosis occurring in some of the tumors, arresting the 
doubling time with estrogen causing a lower number of tumors 
to be detected compared to placebo.350

In the CEE-alone trial of the WHI, there was a borderline 
significant reduction in breast cancer risk, which was statisti-
cally significant for adherent women and for ductal cancers.347 
These data are reassuring for a negligible effect of estrogen 
alone on breast cancer risk, but should not be interpreted 
as estrogen being protective for breast cancer.

There seems to be consistent findings of increased risk 
with estrogen and progestogen regimens after 5 years of use. 
This risk estimate ranges from 1.2 to 1.7 and is related to 
dose, possibly the type of progestogen,351 and duration of 
use. However, there are no clear data showing a difference 
between continuous combined and sequential regimens of 
progestogen therapy. In a less well-known publication from 
the WHI study, when adjustments were made for breast 
cancer risk factors, the overall risk for the 5 to 6 years 
of CEE and MPA use was not significant at 1.20 (0.94 to 
1.53).346 Of great importance was the finding that in women 
who had never received HT (70% of the WHI population), 
the RR was 1.02 (0.77 to 1.36)346; that is, the trend for an 
increased risk was accounted for by prior use and a longer 
cumulative exposure to estrogen and progestogen.346 There 
also has been a suggestion that estrogen and progestogen 
therapy increases the relative frequency of lobular cancers, 
which are normally rarer, but generally better differentiated 
and less aggressive. However, this has not been proven.

In a follow-up of women in the WHI estrogen-only arm, 
over 10 years, the significant reduction in breast cancer 
incidence was confirmed.352 Moreover, in terms of breast 
cancer mortality, this was significantly lower among the users 

◆ Estrogen in combination with synthetic progestogen does 
cause a promotional increase in risk, which is related to dose 
and duration.

◆ Many endogenous risk factors pose a greater risk for breast 
cancer than HT.

Because of the enormous importance of this topic, breast 
cancer and its relationship to HT use will be reviewed sepa-
rately and in the context of the risk-benefit assessment 
discussed later (see also Chapter 29).

Listed in Table 14.7 are the approximate rates of breast 
cancer by decade of life; clearly age is a major determinant 
of risk. More baseline risk information may be found in 
Chapters 11 and 29. However, postmenopausal breast cancer, 
fortunately, is not as lethal as lung cancer or CVD. In Fig. 
14.38, the age-specific mortality rate is depicted, and shows 
that breast cancer mortality decreases after the initial age 
of menopause, while deaths from lung cancer are higher 
after menopause, and the rates of CVD mortality increase 
dramatically from this time onward. The effect of HT on 
breast cancer risk has been studied for at least 30 years, and 
only recently has there been a little more clarity on the 
issue.345 Most of the data on breast cancer risk have been 
derived from case control and cohort observational studies. 
There have been several larger RCTs, such as data from the 
WHI study (at least for the use of two specific regimens)346,347 
and these will be presented separately.

In summary, RCTs show lower point estimates than 
observational data and little increased risk of estrogen 
alone.345-347 With estrogen alone, the WHI and observational 
data showed reduced risk347,348 and others, including the 
Million Women’s Study that showed some increased risk.349 
This latter study, although large, has been widely criticized 
on methodological grounds. An update of the Nurses’ Health 
Study showed no increasing risk for up to 20 years in hys-
terectomied women using CEE 0.625 mg.348 As shown in 
Table 14.8, the overall risk going out 15 to 20 years is 
principally in lean women. Since obesity itself is associated 
with an increased risk of breast cancer, an additional risk 
with HT has not been demonstrated.

It has been known for some time, based on autopsy studies, 
that there is an “occult” or undiagnosed breast cancer rate 
of approximately 15.6%. These tumors have a doubling of 
time of 70 to 350 days, leading to possible detection by 
mammography when they reach 0.88 to 1.66 cm in diameter. 
It has been estimated, based on iterative analysis and model-
ing, that of the tumors that emerged in the E + P arm of 

Table 14.7 Women Who Will Develop Breast 
Cancer: Risk According to Age

Decade of Life Incidence

Third 1 of 250
Fourth 1 of 77
Fifth 1 of 42
Sixth 1 of 36
Seventh 1 of 34
Eighth 1 of 45

Modified from Lobo RA: Treatment of the postmenopausal woman: 
where we are today. In Lobo RA, editor. Treatment of the 
postmenopausal woman: basic and clinical aspects, ed 2, Philadelphia, 
1999, Lippincott Williams & Wilkins, pp 655–659.
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Table 14.8 Risk of Invasive Breast Cancer by Duration of Estrogen Therapy Use Among All Postmenopausal 
Women Who Had Undergone Hysterectomy and Those With ER+/PR+ Cancers Only*

ET Use and 
Duration (yr)

All Postmenopausal Women Who Had  
Undergone Hysterectomy ER+/PR+ Cancers Only

All Screened Cohort† All Screened Cohort†

Cases Risk Cases Risk Cases Risk Cases Risk

Never current 226 1.00 104 — 87 — 48 —
<5 99 0.96 (0.75–1.22) 59 1.06 (0.76–1.47) 38 1.00 (0.67–1.49) 26 1.04 (0.64–1.70)
5–9.9 145 0.90 (0.73–1.12) 95 0.91 (0.68–1.21) 70 1.19 (0.86–1.66) 50 1.08 (0.72–1.62)
10–14.9 190 1.06 (0.87–1.30) 141 1.11 (0.85–1.44) 85 1.27 (0.93–1.73) 77 1.29 (0.89–1.86)
15–19.9 129 1.18 (0.95–1.48) 95 1.19 (0.89–1.58) 61 1.48 (1.05–2.07) 58 1.50 (1.02–2.21)
≥20 145 1.42 (1.13–1.77) 127 1.58 (1.20–2.07) 69 1.73 (1.24–2.43) 74 1.83 (1.25–2.68)
P for trend for 

current use
— <.001 — <.001 — <.001 — <.001

*All cases are reported as number of cases; risks are reported as multivariate relative risk (95% CI), controlled for age (continuous), age at 
menopause (continuous), age at menarche (continuous), BMI (quintiles), history of benign breast disease (yes or no), family history of breast 
cancer in first-degree relative (yes or no), average daily alcohol consumption (0, 0.5–5, 5–10, 10–20, or ≥20 g/day), parity/age at first birth 
(nulliparous; 1–2 children and age at first birth ≤22 years; ≥3 children and age at first birth 23–25 years; ≥3 children and age at first birth >25 
years).
†Screened cohort defined as those women starting in 1988 who reported either a screening mammogram or clinical breast examination in the 
previous 2 years. All cases before 1988 are excluded.
BMI, Body mass index; CI, confidence interval; ER+/PR+, positive for both estrogen and progesterone receptors; ET, estrogen therapy, unopposed.
From Chen WY, Manson JE, Hankinson SE, et al: Unopposed estrogen therapy and the risk of invasive breast cancer. Arch Intern Med 166:1027–
1032, 2006.
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of estrogen as has been suggested before. This study also 
confirmed a statistically significant reduction in total mortality 
in estrogen users (Fig. 14.39).352 More recent observational 
data out of Finland have also suggested lower mortality for 
breast cancer when women have received HT.353 If we assume 
as correct what was originally reported by the WHI study 
for combination standard dose estrogen and progestogen 
therapy over 5 years, that there is an increase in the risk of 

breast cancer of 24% (RR, 1.24), what does this translate 
into in absolute terms? If the background risk between the 
ages of 50 and 60 is 2.8% (2.8 women out of 100 will be 
expected to get breast cancer over this 10-year time span), 
then the rate would increase to 3.4% (less than 1% increase). 
Clearly, there is probably no increased risk in women who 
have never had therapy for up to 5 years and, particularly, 
if lower than the standard dose is used. Also, observational 
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Therefore, an important perspective is to institute preventa-
tive therapies at the onset of menopause to prevent or delay 
these events from occurring. Menopause heralds an oppor-
tunity to assess all women for risks of chronic disease and 
to institute preventative therapies. This perspective and 
strategy have been outlined in a review commissioned by 
the International Menopause Society for World Menopause 
Day in 2014.358 As noted above, because compelling evidence 
suggests that estrogen decreases coronary disease and all-cause 
mortality in young women, initiating therapy at the onset 
of menopasue,323 a consideration may be given for the role 
of estrogen in prevention even in the absence of symp-
toms,323,358 although this is not universally accepted.

Hormonal therapy should be considered as a very individual 
decision. The woman must take into account symptoms, 
risk factors, and individual preferences and needs. The 
predominant indication for estrogen is for symptoms (vasomo-
tor and other symptoms and vulvovaginal complaints).

Alternatives should also be considered. If hormonal therapy 
is chosen, there should be flexibility in prescribing because 
there is no ideal regimen for every woman, and each woman 
has individual risks and needs.

Because hormone therapy is clearly the most efficacious 
treatment for symptoms, it should be considered a first-line 
therapy. Since the results of the WHI study, which were 
misinterpreted and generalized to all women, caused most 
women and many providers to move away from hormone 
therapy, it was deemed important for several prominent 
medical societies to come together and make a definitive 
statement 10 years after the WHI study was first published. 
This statement of agreement amongst “experts” caring for 
women clearly states that estrogen is appropriate for younger, 
healthy women at the onset of menopause359; in most cases, 
the benefits far outweigh the risks. This assessment will be 
explored further below, including a discussion of the possible 
expansion of the role of hormones for prevention of disease 
and to decrease all-cause mortality for some women.

Risk-Benefit Assessment

Recent guidelines have been formulated regarding HT and 
are updated periodically. These guidelines stress the relative 

data from France have suggested that progesterone and 
dydrogesterone are not associated with an increased risk, as 
opposed to synthetic progestogens.351 However, these data 
remain to be confirmed.

This RR of 1.2 to 1.6 for 5 years of estrogen and proges-
togen use as discussed above should also be compared to 
other experiences, such as having a waist-to-hip ratio greater 
than 0.8 : 3.3 (1.1 to 10.4) or being an airline flight attendant 
1.87 (1.15 to 2.23). There are many more everyday experi-
ences such as these for breast cancer risk.354

Compared to the small increase in breast cancer observed 
with standard dose E + P in the WHI study, other exposures 
and endogenous risks are much higher (Fig. 14.40).355 The 
highest RR is seen in women with increased breast density, 
which also makes mammographic detection of small tumors 
challenging. While E + P treatment increases breast density, 
it is unclear if this imparts an additional risk for cancer; 
clearly these induced changes in breast density are reversible.

A report showing a downward trend in breast cancer rates 
in the United States suggested that this might be related to 
a reduction in hormone use after the WHI study and other 
reports.356 However, there are several other possible explana-
tions as well, including a reduction in mammography use 
and other variables reviewed elsewhere. Of interest is that 
the reduction in breast cancer in the United States also 
occurred in older women in their seventh decade as well 
(not users of hormones) and has not been reported in many 
other countries355 where HT use has dropped as well. A 
3-year follow-up of the WHI study showed that the breast 
cancer risk also persisted (not significantly) over this follow-up 
period.357

Decision to Use Estrogen

◆ This is an individual decision, which needs to take into account 
many factors that are discussed.

◆ The risk-benefit equation is highly favorable in younger women 
<60 years of age or within 10 years of menopause.

Most chronic diseases in women occur 10 or more years 
after the onset of menopause. These include CVD, osteo-
porosis, cognitive decline, metabolic disease, and cancer. 
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but these effects are small and less than half the effects of 
estrogen.332 Fig. 14.27 diagrammatically depicts the use of 
HT over time. Prior to various randomized trials in older 
women, it was thought that HT may have a role in prevention 
as suggested by observational studies and meta-analyses (see 
Fig. 14.27); it appears that now we may have come full 
circle, returning to the notion of possible prevention after 
the abrupt cessation of use after the WHI study.323 The 
choice of estrogen and other therapies is critical and will be 
discussed in more detail in subsequent text.

What Are the Real Risks of Hormonal 
Treatment in Young Healthy Women?

If HT is to be considered more broadly for postmenopausal 
women, it is important to examine the real risks of such 
exposure. As noted above, the reported risks associated with 
HT in the WHI trials were not statistically significant, with 
the exception of venous thrombosis and ischemic stroke in 
older women. In women <60 years of age and/or <10 years-
since-menopause the only statistically significant risk with 
estrogen and estrogen/progestogen in the WHI study was a 
rare risk of deep vein thrombosis seen with estrogen/
progestogen (Fig. 14.41).323

Breast cancer risk with combined HT for the duration 
of the trial was not significant in women who had never 
been previously exposed. Even if we assume these risks 
were statistically significant, the absolute risks, which are 
in the range of 5 to 8 cases per 10,000 women per year, are 
considered “rare” according to the WHO. Note that the risks 
may vary depending on the dose and regimen prescribed, 
and the venous thrombosis risk would be eliminated with 
nonoral therapy, as discussed subsequently. It is clear that 
the risks associated with HT are of the same time and of 
similar or less magnitude than other medications routinely 
used for the prevention of CVD and other chronic conditions.

Even though there are risks in everyday life, the true risks 
of HT need to be compared to such exposures. According 
to the US National Safety Council, the annual risk of death 
in a motor vehicle is 1/6500; death from walking across  
the street 1/48,500; and getting murdered 1/10,000 to 
1/16,500.363 The risk of some dietary supplements also may 
carry risks; calcium supplementation has been shown to 
increase the risk of myocardial infarction twofold365 and 
calcium channel blockers may also increase the risk of breast 
cancer twofold.366 Aggressive control of diabetes mellitus 
has been shown to statistically significantly increase the risk 
of all-cause mortality in two National Institutes of Health 
(NIH)–funded randomized controlled trials.367

For breast cancer risk, the regimen of CEE combined 
with MPA in the WHI study only increased the risk of breast 
cancer with prolonged exposure estimated with this regimen 
after 6 to 7 years, and the risk was limited to women who 
used hormone replacement therapy (HRT) prior to randomiza-
tion. For estrogen therapy alone, the risk of breast cancer 
was decreased as was total mortality and breast cancer 
mortality, as discussed previously.347,348,352,353 Endogenous risk 
factors, such as increased breast density, increased waist/hip 
ratio, and late first birth, are all higher than the putative  
risk of breast cancer with combined estrogen/progestogen 
exposure.355 Although not confirmed by randomized trial 
data, observational studies suggest that the addition of natural 

safety in symptomatic women, and that lower doses should 
be used with individualization regarding the length of treat-
ment, with no preconceived time line.360-362 Whether 
osteoporosis prevention alone is a sufficient indication for 
HT is controversial, but has been recommended in women 
at high risk for osteoporotic fracture.363 Also, the use of 
estrogen as a prevention strategy in young healthy postmeno-
pausal women, even if they do not have major symptoms, 
is also emerging as a possibility,323 although this has not been 
universally accepted. Two of the guidelines state that HT 
may be considered for more than hot flushes per se361,362; 
there are more symptoms of menopause than just hot flushes.

The Endocrine Society statement361 and an algorithm from 
North American Menopause Society (NAMS)364 for treatment 
of moderate-to-severe hot flushes suggest screening women 
at the onset of menopause for CVD and the risk of breast 
cancer. The use of a risk calculator by the American College 
of Cardiology and the American Heart Association has been 
advocated to screen such women, with women at moderate 
risk (5% to 10% 10-year risk of cardiovascular events) receiv-
ing only transdermal estrogen, and women with greater risk 
(>10% 10-year risk) avoiding therapy altogether. The use of 
transdermal therapy in higher risk women, particularly those 
who are obese, has also been suggested by the National 
Institute for Care Excellence.362

Using a breast cancer risk assessment tool has also been 
suggested by the Endocrine Society and NAMS.361,364 If the 
assessment according to the National Cancer Institute shows 
an intermediate risk (1.67% to 5% 5-year risk), they suggest 
HT should be used with caution, and if the risk is high (>5% 
5-year risk), it is suggested that HT should be avoided.

The risk assessment tool for CVD has been controversial 
and has not been shown to have true predictive power. While 
high-risk women should be treated with caution, it is not 
clear that these risk assessment tools are the definitive answer 
in making a case-by-case determination. In some young women 
with risk factors, and who have significant symptomatology, 
it may be reasonable to treat, using lower doses of nonoral 
estrogen, particularly if other medications are already in use, 
such as statins, which are known to allow for coronary plaque 
stability. Similarly for breast cancer the various breast cancer 
risk-assessment models have been extrapolated from che-
moprevention trials and may not be pertinent for the general 
population. Also, even in women with a higher risk of breast 
cancer, there is no evidence that using estrogen further 
increases their risk over their already increased risk. Here, 
individualization is important, and a low-dose estrogen-based 
therapy may be chosen.

In the NAMS algorithm364 it is suggested that if there 
are no moderate to severe hot flushes and no vaginal symp-
toms, there is no indication for HT, and that HT should be 
“avoided.” This statement is at odds with other indications 
for HT, including other symptoms of menopause, osteoporosis 
risk, and the emerging acceptance for using estrogen for 
prevention.323

The notion to consider using estrogen as part of a preven-
tion therapy for younger women at the onset of menopause 
is heightened by the important opportunity to prevent diseases 
at the onset of menopause,323,358 and because well-known 
primary prevention strategies used in men (statins, aspirin) 
do not decrease mortality in women as discussed above.324-331 
Only lifestyle factors, such as diet and exercise, are beneficial, 
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escaping that for some women the overall “fear” of using 
hormones outweighs any potential benefits; the choice of 
using HT remains very much an individual one.

Endometrial Disease Risk  
and Other Cancers

◆ Unopposed estrogen increases the risk of endometrial cancer, 
which is reduced with the addition of progestogen.

◆ Ovarian cancer risk is probably not related to hormonal use.
◆ Colon cancer risk is reduced with HT and lung cancer and 

mortality do not appear to be related to hormonal therapy.

Endometrial disease occurs with unopposed estrogen 
therapy in women who have a uterus (see Chapter 29). 
Although a woman’s risk for endometrial cancer with 
unopposed estrogen use is twofold to eightfold higher than 
that for the general population, precursor lesions (primarily 
endometrial hyperplasia) signal the presence of an abnormality 
in most patients. Thus, the risk is far less for endometrial 
cancer than it is for varying degrees of hyperplasia. This 
discussion relates to endometrioid, well-differentiated cancers, 
which are estrogen-receptor positive. Serous cancers, which 
are usually not estrogen responsive, are similar in nature to 
ovarian cancers, are rarer, occur sporadically, and are not 
related to estrogen exposure.

progesterone to estrogen therapy does not increase the risk 
of breast cancer,351 while other data indicate no difference 
among varying progestational agents. In a very large nation-
wide population study (4 million women-years of follow-up), 
breast cancer mortality was statistically significantly reduced 
in HRT users versus nonusers, as was all cancers,353 which 
has also been reported previously, although not all the lit-
erature is in agreement.

Apart from the risks of developing serious disease, there 
are practical concerns women have to consider regarding the 
use of HT, particularly if they are considering a therapy 
when they are asymptomatic. These include breast tenderness, 
abdominal or pelvic bloating, vaginal bleeding, and some 
mood disturbances. These are very individual potential 
complaints, which can usually be dealt with by changes in 
the HT regimen to be discussed in subsequent text. There 
is also the idiosyncratic reaction of increased blood pressure, 
which appears in a small percentage of women and is related 
only to certain doses of oral estrogen. Women may also 
report weight gain, which is not supported by randomized 
trial data, but may be a real concern on an individual basis.

Several analyses have shown HT to be a cost-effective 
therapy.368,369 Risks of endometrial and ovarian cancer will 
be discussed separately. In the final analysis, even though 
risks are extremely rare and no greater than other commonly 
used medications and supplements, and somatic complaints 
may easily be dealt with by regimen changes, there is no 
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FIGURE 14.41 Absolute benefits and risks from the 13-year follow-up study from the hormone trials of Women’s Health 
Initiative Study, conjugated equine estrogens (CEE) alone trial, and the trial with CEE combined with medroxyprogesterone 
acetate (MPA). Data on the initiation of hormone therapy in women 50 to 59 years of age or less than 10 years from the onset of menopause: 
number of events per 10,000 women per year. (Modified from Manson JE, Kaunitz AM: Menopause management—getting clinical care back 
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need not involve a long-term commitment. For short-term 
treatment of symptoms, estrogen can be used at a low dose 
sufficient to control hot flushes or can be administered via 
the vaginal route for symptoms of dryness or dyspareunia. 
However, we do not know what the threshold dose should 
be to provide a coronary benefit in younger women at the 
onset of menopause—it is likely to be somewhat higher than 
the “lowest” available dose. However, we do know that very 
low doses of estrogen are beneficial for preventing bone 
resorption. There are even data suggesting improved bone 
mass with vaginal therapy, which only minimally enters the 
systemic circulation.387

Oral ET results in higher levels of E1 than E2; this is true 
for oral estradiol as well as estrone products. CEE is a mixture 
of at least 10 conjugated estrogens derived from equine 
pregnant urine. E1S is the major component, but the biological 
activities of equilin, 17β-dihydroequilin, and several other 
B-ring unsaturated estrogens, including Δ dihydroestrone, 
have been documented. Table 14.9 compares the standard 
doses of the most frequently prescribed oral estrogens and 
the levels of E1 and E2 achieved.388,389 Much of the clinical 
information contained below may be found in systematic 
reviews.390

Synthetic estrogens, given orally, are more potent than 
natural estradiol. Ethinyl estradiol is used in oral contracep-
tives, with a dose of 5 µg being equivalent to the standard 
ERT doses used (0.625 mg CEE or 1 mg micronized estradiol). 
Standard ERT doses are five or six times less than the amount 
of estrogen used in oral contraceptives.391 For hepatic markers, 
CEE 0.625 mg is generally more potent than E2 and is closer 
to 1.5 mg E2.

Oral estrogens have a potent hepatic “first pass” effect 
that results in the loss of approximately 30% of their activity 
with a single passage after oral administration. However, 
this results in stimulation of hepatic proteins and enzymes. 
Some of these changes are not particularly beneficial (an 
increase in procoagulation factors), whereas other changes 
are beneficial (an increase in HDL-C and a decrease in 
fibrinogen and PAI-1).

E2 can be administered in patches, gels, and subcutaneously. 
These routes of administration are not subject to major hepatic 
effects as with oral therapy. In the United States, standard 
doses of alcohol-based or matrix patches are 0.05 or 0.1 mg. 
Lower-dose patches of 0.025 mg are also available for 
administration once or twice weekly. Matrix patches are 
preferable because there is less skin reaction, and estrogen 

One study showed that the risk of endometrial hyperplasia 
was 20% after 1 year of use of 0.625 mg of oral CEE.370 In 
another study, the 3-year postmenopausal Estrogen/Progestin 
Interventions Trial,371 the risk was approximately 40% at the 
end of 3 years. No cancers were reported in either of these 
two studies, and the addition of a progestogen essentially 
eliminated the hyperplasia. Using a dose of 0.3 mg of CEE 
results in a risk in the range of 5% to 10% after 2 to 3 years.

The risk for endometrial cancer is the same for a woman 
taking estrogen and progestogen HT as for the general 
population. The addition of a progestogen merely eliminates 
the excess risk attributed to estrogen. However, there are 
a few studies published suggesting a reduced risk with continu-
ous combined HT. Other endometrial cancers occurring in 
postmenopausal women are not thought to be hormonally 
related (see Chapter 29). Although the risk for endometrial 
cancer is increased substantially in estrogen users, the risk 
of death from this type of endometrial cancer does not 
increase proportionately.372,373 Endometrial cancers associated 
with estrogen use are thought to be less aggressive than 
spontaneously occurring cancers, in part because tumors in 
women taking estrogen are more likely to be discovered and 
treated at an earlier stage—thus improving survival rates.

Several studies have also suggested an increased risk of 
ovarian cancer with a long duration of use of estrogen therapy 
(ET) and HT. However, the data are inconsistent and the 
purported risk is in the range of less than a twofold RR.374-377 
An analysis found no association, and there was no increase 
reported in the WHI studies.312,377,378 In the worst-case 
scenario, although the majority of studies have suggested 
there is no statistical increase in ovarian cancer with HT, if 
we assume a hypothetical 20% increase, this would translate 
to an increase from 5/10,000 cases per year to 6/10,000/
year.

Observational studies and meta-analyses have reported a 
reduced risk of colorectal cancer in menopausal women who 
are current and past users of HT.379,380 This was confirmed 
in the WHI trial using HT (HR, 0.65).312 This protective 
effect is believed to increase with duration of use and may 
be related to action via ERβ inducing apoptosis in polyps.381

Lung cancer has not been shown to be increased with 
HT; the number of cases and mortality were not affected 
in a long-term follow-up study.382

With aging, there is a decline in macular function. In 
observational studies, estrogen therapy has been reported 
to reduce macular degeneration and maintain visual acuity 
in menopausal women.383,384 There are also several studies 
showing that estrogen is associated with a reduction in tooth 
loss.385,386

Hormone Regimens

◆ Various hormonal and non-HTs are available, which requires 
an individualized approach, and a philosophy of being flexible 
in prescribing.

There are many hormonal preparations available for 
treatment, and the most comprehensive listing can be 
downloaded from the NAMS: www.menopause.org. Also, 
medications for osteoporosis may be found, including the 
SERMS, bisphosphonates, denosumab, and tibo.1-34 For the 
clinician and patient, the decision to start estrogen therapy 

Table 14.9 Mean Serum Estradiol (E2) and  
Estrone (E1)

Estrogen Dose (mg)

Level (pg/mL)

E2 E1

CEE (0.3)* 18 76
CEE (0.625) 39 153
CEE (1.25) 60 220
Micronized E2 (1) 35 190
Micronized E2 (2) 63 300
E1 sulfate (0.625) 34 125
E1 sulfate (1.25) 42 220

*Conjugated equine estrogen (CEE) contains biologically active 
estrogens other than E2 and E1.
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Administration of DHEA at 25 to 50 mg/day may also be 
an option,406 although there are few clinical data on efficacy 
supporting this.

Another SERM-like compound that is used worldwide 
but is not approved in the United States is tibolone. This 
progestin-like compound exhibits estrogenic, antiestrogenic, 
and androgenic effects by virtue of its structure and metabo-
lites. At 2.5 mg, tibolone suppresses hot flushes, prevents 
osteoporosis, and has a positive effect on mood and sexual 
function.407 There is also very limited (or no) uterine stimula-
tion. However, there is a suppression of HDL-C, but at the 
same time a decrease in triglycerides. In the monkey, there 
was no deleterious effect of tibolone on coronary arteries.408 
In older women it may increase the risk of stroke.

Phytoestrogens

Phytoestrogens are a class of plant-derived estrogen-like 
compounds conjugated to glycoside moieties. Phytoestrogens 
are not biologically active in their native forms unless taken 
orally. After oral ingestion, colonic bacteria cleave the gly-
cosides, producing active compounds that are subject to the 
enterohepatic circulation. These compounds can produce 
estrogen-agonistic effects in some tissues, whereas in other 
tissues, they can produce antagonistic effects.

Few randomized trials have examined the efficacy of 
phytoestrogens. For large daily doses (60 mg isoflavone) there 
appears to be some limited efficacy in relieving hot flushes.409 
With doses of 30 to 40 mg, cholesterol levels are reduced, 
but it is no longer recommended as a strategy.410 It should 
be noted that there is an important reduction in hot flushes 
with any placebo treatment. Phytoestrogens do not appear 
to have much of an effect on bone loss or on vaginal atrophy. 
A trial of longer duration has shown no benefit of red clover 
and soy (Fig. 14.42).411

Estimates are that between 30% and 60% of women use 
so-called alternative interventions for the symptoms of 
menopause, including “natural” estrogens, plant estrogens, 
herbal medicines, and acupuncture. Botanicals, herbals, and 
many steroid products are sold over the counter, and some 
do, in fact, exert significant hormonal activity. The use of 
botanicals to alleviate the symptoms of menopause is 
extremely popular. This popularity is fostered by the notion 
that plant sterols might provide all the benefits of estrogen 
replacement therapy without the risks. However, most plant 
products recommended for menopause have performed poorly 
in clinical trials. The Dietary Supplement Health and Educa-
tion Act of 1994 classifies most botanical medicines as food 
supplements and removes them from regulatory oversight 
and scrutiny by the FDA. Adulteration, contamination, and 
poor quality control in their harvesting, manufacture, and 
formulation yield products of questionable efficacy and safety.

The FDA has determined that more than 25% of Chinese 
patent medicines are adulterated with hidden pharmaceutical 
drugs. These kinds of deficiencies make it difficult for consum-
ers and practitioners to employ botanicals with confidence 
and security. Furthermore, clinical trial data obtained using 
one brand of herbal product cannot necessarily be extrapolated 
to other brands using the same plant. DHEA is marketed 
as a dietary supplement for a variety of purported benefits. 
There are no data in women to support its role in well-being 
or immune function. As an androgen, DHEA is converted 

delivery is more reliable. Whereas levels of E2 vary widely 
among women, levels with transdermal therapy are more 
constant in individual women than with oral ET. With the 
0.05 mg patch, OK E2 levels are in the 40 to 50 pg/mL 
range; with the 0.1 mg patch, levels are typically 70 to 100 pg/
mL. Levels in excess of 200 pg/mL are not unusual for some 
women.392 An ultralow dose patch, 0.014 mg, has been 
approved for osteoporosis protection in older women.

In women with vulvo-vaginal or urinary complaints, vaginal 
therapy is most appropriate. Creams of estradiol or CEE 
are available, as well as tablets and an estrogen ring. With 
creams, systemic absorption occurs but with levels that are 
one-fourth of that achieved after similar doses administered 
orally. Absorption decreases as the mucosa becomes more 
estrogenized. For CEE, only 0.5 g (0.3 mg) or less is necessary; 
for micronized E2, doses as low as 0.25 mg are sufficient. 
Other products (tablets and rings) are available that have 
been designed to limit systemic absorption.393,394 A silastic 
ring of E2 is available that delivers E2 to the vagina for 3 
months with only minimal systemic absorption.395

Estrogen may be administered continuously (daily) or for 
21 to 26 days each month. If the woman has a uterus, a 
progestogen should be added to the regimen.396 For women 
who are totally intolerant of progestogens (regardless of the 
dose and route of administration) and take unopposed 
estrogen, annual endometrial sampling is necessary. Alter-
natively, different progestogens may be tried; micronized 
progesterone can be used vaginally, or an intrauterine system 
(IUS) can be used. The current IUS, releasing 20 µg levo-
norgestrel, is too large a dose for routine HRT, and the 10 µg 
IUS, although well studied, will not be marketed as such.397

Androgen Therapy

In a very subtle way, some women are relatively androgen 
deficient.398 Clinicians have proposed adding androgen to 
ET or EPT for complaints or problems relating to libido and 
energy that are not relieved by adequate estrogen399; though 
well-controlled trials using parenteral testosterone have shown 
benefit in younger oophorectomized women, there have been 
few data showing benefit using more physiological therapy, 
until recently. Recent data using a testosterone patch (with 
near physiological levels) have shown improvement in several 
scales of well-being and sexual function.400-404 An oral prepara-
tion (esterified estrogens 0.625 mg with 1.25 mg of methyl 
testosterone) was shown to improve sexual motivation and 
enjoyment in women with hypoactive sexual desire who 
were unresponsive to estrogen alone.405 The latter findings 
correlated with an increase in circulating unbound testosterone 
levels. As newer forms and doses of androgen become avail-
able, perhaps more women may benefit from this approach. 
At present, androgen therapy should be individualized and 
considered for those women who have symptoms that are 
not adequately relieved with traditional HT.399 At lower doses, 
androgenizing side effects are very infrequent but should be 
discussed before prescribing testosterone. At present, small 
doses of methyltestosterone (1.25 and 2.5 mg) added to 
esterified estrogens are available in tablets, as are testosterone 
patches that are available for men (and therefore require 
dose reductions) and testosterone subcutaneous pellets. The 
testosterone patch (300 µg) has not been approved for use 
in women in the United States, but it is available in Europe. 

Downloaded for kate bresnahan (k.bresnahan@elsevier.com) at Elsevier - Demonstration Account from ClinicalKey.com by Elsevier on 
January 19, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.



354 PART 1 Endocrinology of Reproduction

Use of a Progestogen

There are many ways to administer progestogens. The most 
commonly used oral progestins are MPA in doses of 5 to 10 mg, 
NET in doses of 0.3 to 1 mg, and micronized progesterone 
in doses of 100 to 300 mg. Equivalent doses to prevent 
hyperplasia when administered for at least 10 days in a woman 
receiving ET (equivalent to 0.625 mg CEE) are as follows: 
MPA, 5 mg; NET, 0.35 mg; and micronized progesterone, 
200 mg.413 Larger doses of estrogen may require larger doses 
and more prolonged regimens of progestins. In sequential 
administration of progestins, the number of days (length of 
exposure) is more important than the dose. Thus, if a woman 
is receiving oral ERT continuously, a regimen of at least 10 to 
12 days of exposure is preferable to a 7-day regimen.

When progestogens are administered sequentially (10 to 
14 days each month), withdrawal bleeding occurs in about 
80% of women. Continuous administration of both estrogen 
and progestogen (continuous combined therapy) was devel-
oped to achieve amenorrhea. In the first 3 to 6 months, 
breakthrough bleeding and spotting is common. In some 
women on this regimen, amenorrhea is never completely 
achieved. The most common combinations in the United 
States are single tablets containing 0.625 mg CEE and 2.5 mg 
(or 5 mg) MPA, and the lower dose combination with 0.45 mg 
and 0.3 mg (CEE) 5 µg of EE with 1 mg NET; 1 mg micron-
ized E2 with 0.5 mg NET, and 1 mg of E2, with 0.5 mg of 
drosperinone. Patches with E2 NET of levonorgesterone are 
also available. Currently, the only marketed sequential regimen 
is one that contains 0.625 mg CEE and 5 mg MPA, which 
is added for 14 days each cycle.

Equal efficacy to standard doses has been demonstrated 
for several low-dose combinations in terms of reduction of 
hot flushes, maintenance of bone mass, metabolic profiles, 
and a reduction in the incidence of bleeding in the first year 
of treatment has been observed.

Progesterone administered vaginally (in low doses) avoids 
systemic effects and results in high concentrations of pro-
gesterone in the uterus. Intrauterine delivery of progestogens 
is ideal for targeting the uterus but is not approved in the 
United States.

Progestogens, particularly when taken orally, may lead to 
problems of continuance or compliance because of adverse 
effects, including mood alterations and bleeding. These have 
to be dealt with effectively, and they usually require more 
flexibility in prescribing habits. Most short-term clinical trials 
have demonstrated an attenuating effect of progestogens on 
cardiovascular end-points that are improved with estrogen; 
these effects include lipoprotein changes (an attenuation 
of the rise in HDL-C) and arterial and metabolic effects. 
A reduction in blood flow and some brain effects also may 
be found.

How progestogens influence cardiovascular risk is not clear 
at present. The observational studies, which showed a benefit 
for ET, did not find any diminution of this effect with EPT. 
Although there were differences in the effects of CEE with 
MPA and CEE alone in the WHI study, there were separate 
trials, which are difficult to compare. The addition of pro-
gestogens is probably responsible for the observed increase 
in the risk of breast cancer in susceptible women. Progestogens 
should not be prescribed in women who have undergone 
hysterectomy.

to androstenedione and testosterone. Doses of 25 to 50 mg 
raised testosterone and have been mentioned as an option 
for androgen therapy.403

In recent years, more women have turned to “bioidentical” 
hormones. In essence, estradiol and progesterone, which are 
available as FDA-approved products, are “bioidentical”; that 
is, identical to the steroids produced by the body. However, 
an industry has arisen where compounding pharmacies add 
various combinations of steroids to be administered in cream 
form. These products are not FDA approved and quality 
control cannot be guaranteed. There is no evidence that 
these preparations are safer than standard products. The use 
of saliva to quantify levels is extremely inaccurate. The major 
societies (e.g., NAMS, Endocrine Society, American Society 
for Reproductive Medicine [ASRM], American Congress of 
Obstetricians and Gynecologists [ACOG]) do not endorse 
this use. A joint statement has been issued by ASRM and 
ACOG.412
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FIGURE 14.42 Black cohosh and red clover are not different 
from placebo. CEE, Conjugated equine estrogens; MPA, medroxy-
progesterone acetate; a, statistically significant difference. (Modified 
from Geller SE: Safety and efficacy of black cohosh and red clover for 
the management of vasomotor symptoms: a randomized controlled trial. 
Menopause 16:1156–1166, 2009.)
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Tissue Selective Estrogen Complex

The concept of a tissue selective estrogen complex is to 
pair estrogen (CEE) with a SERM (bazedoxifene), which 
has certain estrogen-antagonistic effects in certain organ 
systems (breast, uterus). Not all SERMS are successful in 
this pairing. The effects of bazedoxifene are less marked 
in the brain (affecting hot flush susceptibility) and are 
also agonistic in bone. Thus, a combination of CEE and 
bazedoxifene could be used to prevent hot flushes without 
the need for a progestogen while also having beneficial 
effects for bone and neutral effects on the breast. While 
not approved for use in the United States as yet, CEE 0.625 
and 0.45 paired with bazedoxifene 40 mg have gone through 
successful phase 3 clinical trials demonstrating efficacy and  
safety.414,415

Aging

◆ Aging, per se, causes many of the changes that occur after 
menopause.

◆ Important considerations are GH changes, metabolic  
changes, the accumulation of body fat, and alterations in 
the adrenal axis.

It is extremely difficult to separate the effects of meno-
pause from that of natural aging. Some of these problems 
have been reviewed in detail elsewhere, and the much needed 
research in this area has been outlined.416

Telomere length is a key component of aging, with 
shortening of telomeres occurring. Shortening of telomeres 
with increasing age results in a terminal activity known as 
replicative senescence. This process is not only associated 
with aging but has implications for cancer initiation as well 
(Fig. 14.43).417

The key areas where it is important to dissect out aging 
effects from the effects of estrogen deficiency are in bone 
loss and osteoporosis, CVD, cognitive decline, decline in 
sexual function, and depression. While premenopausal 
estrogen therapy may play a role in protecting against these 
entities, aging also has significant effects.

From a reproductive endocrine perspective, the hormonal 
systems that are most notably affected by aging are declines 
in the somatotrophic axis, declines in adrenal steroids,  
and changes in cortisol secretion. Table 14.10 outlines the 
endocrine metabolic changes with aging.

Somatotrophic Axis

In men and women, GH decreases with aging,418 beginning 
around age 40.419,420 This decrease may be responsible for 
some of the changes in body composition. A redifferentiated 
proportion of body fat increases by 100%. Concomitantly 
there is a 20% to 50% decrease in muscle mass and a 20% 
decrease in body fat. In women, declines in GH-releasing 
hormone secretion and a loss of the priming effect of estrogen 
explain the decline in GH.421-424

The anabolic effects of replacing GH can result in stimu-
lated muscle development and strength, a loss of fat, and 
an increase in bone mass.425 Accordingly, GH releasing 
peptides have been studied for this purpose.426,427
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FIGURE 14.43 Short telomeres in aging and cancer. Major 
pathways affected by short telomeres and their impact on aging or 
cancer. DNA damage and tumor suppressor activity have been shown 
to affect tissue decline and aging. When DNA damage checkpoints 
are bypassed, cells with short telomeres could potentially progress 
to cancer. The role of stem cells with short telomeres in cancer and 
whether short telomeres could modulate other pathways independently 
of p53 (e.g., mitochondrial dysfunction) remains unknown. DDR, DNA 
damage response. (From Bernardes de Jesus B, Blasco MA: Telomerase at 
the intersection of cancer and aging. Trends Genet 29:513–529, 2013.)

Table 14.10 Endocrine-Metabolic Changes  
With Aging

Substance Change

Luteinizing hormone ↑
Follicle-stimulating hormone ↑
Growth hormone ↓
Adrenocorticotropic hormone →*
Prolactin ↓
Thyroid-stimulating hormone →*
Estradiol ↓
Estrone ↓
Progesterone ↓
Triiodothyronine →
Thyroxine →*
Cortisol ↑
Dehydroepiandrosterone ↓
Dehydroepiandrosterone sulfate ↓
Testosterone ↓
Androstenedione ↓
Inhibin ↓
Melatonin ↓
Insulin-like growth factor-1 ↓
Dopamine ↓
Norepinephrine ↑

*May be slightly increased or decreased in response to specific 
secretagogue (e.g., corticotropin-releasing hormone, thyrotropin-
releasing hormone, somatostatin, growth hormone-releasing hormone, 
adrenocorticotropin) with age.
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Adrenal Steroids

The age-related decline in adrenal androgens has been noted 
previously, as well as the possibility of administering DHEA 
for androgen support in postmenopausal women. While higher 
DHEAS levels in men are associated with a better cardio-
vascular survival, this correlation has not been found in 
women. Similarly, the data on enhancing insulin sensitivity 
and immune function, as well as quality of life assessments 
in postmenopausal women, are inconsistent436 and require 
more study.

Because DHEA and DHEAS may be produced locally in 
the brain437,438 and bind to the γ-aminobutyric (GABA) 
receptors,439 there may be an important role for DHEA in 
remedying the mood and cognition declines that come with 
aging. Positive effects of DHEA on mood and cognition in 
the elderly have been reported.440,441 Unfortunately, most 
clinical trials and DHEA in postmenopausal women have 
not shown benefit.

Cortisol levels are higher in older postmenopausal 
women.442 This relates to a higher nocturnal rhythmicity, 
which has been related to loss of resiliency and could explain 
sleep disturbances in the elderly.
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Metabolic Changes

With aging, weight gain and fat accumulation occurs, as stated 
previously. These changes begin a few years before menopause 
and parallel increases in FSH (Fig. 14.44).428 It has been 
confirmed in longitudinal studies that weight changes generally 
precede the hormonal changes, such as the decrease in 
SHBG.428 These changes are associated with increases in 
leptin. In early menopause, associated with normal body 
mass index, adiponectin increases.429 However, in late 
menopause, as with obesity, adiponectin is reduced, increasing 
CVD risk.430 With aging, there is a reduction in pancreatic 
β cell secretion, increasing the risk of diabetes mellitus. 
Adding to this risk, insulin resistance increases with age but 
is accelerated with weight gain and obesity.

The major concern with increasing adiposity and reduction 
in muscle mass (sarcopenic obesity) is the evolution of chronic 
diseases. Increasing immobility compounds the transition to 
metabolic syndrome, overt diabetes, and CVD. In 18 random-
ized trials it was shown that the best way to combat sarcopenic 
obesity is by the combination of aerobic and strengthening 
exercise 2 to 3 days per week, combined with caloric restric-
tion leading to a daily deficit of 750 Kcalories.431 Diet and 
exercise should be a mainstay for combating the aging 
process.431

The increase in fat mass and the decrease in lean muscle 
mass in postmenopausal women may be enhanced by estrogen 
deficiency. Indeed, hormone therapy does not increase fat 
mass and tends to decrease abdominal obesity.432,433 It appears 
that oral estrogen tends to slightly increase fat mass (not 
visceral fat mass) while transdermal estrogen does not affect 
fat mass.434 The effect of oral estrogen may be mediated by 
a decrease in insulin-like growth factor 1.423

Change in log (FSH)

–3 –2 –1 0 1 2 3 4

–0.2

–0.1

0.0

0.1

0.2

0.3

0.4

C
ha

ng
e 

in
 lo

g
(f

at
 m

as
s)

Fa
t m

as
s 

(k
g)

FSH (mIU/mL) Visit

120
80

40
0 1

2
3

4
5

6
30
33
35
38
40

Fat mass (kg)
33
34

36
37

FIGURE 14.44 Changes in fat mass during the perimenopause 
and relationship to follicle-stimulating hormone (FSH). FMP, 
Final menstrual period. 

Downloaded for kate bresnahan (k.bresnahan@elsevier.com) at Elsevier - Demonstration Account from ClinicalKey.com by Elsevier on 
January 19, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.

http://expertconsult.com/


 CHAPTER 14 Menopause and Aging  356.e1

30. Rosen GE, Kaplan B, Lobo RA: Menstrual function and hirsutism  
in patients with gonadal dysgenesis. Obstet Gynecol 71:677–680,  
1988.

31. Rebar RW, Erickson GF, Coulam CB: Premature ovarian failure. In 
Gondos B, Riddick D, editors: Pathology of infertility, New York, 1987, 
Thieme Medical Publishers, pp 123–141.

32. Kinch RAH, Plunkett ER, Smout MS, Carr DH: Primary ovarian failure: 
a clinicopathological and cytogenetic study. Am J Obstet Gynecol 
91:630–644, 1965.

33. Kinch RAH, Plunkett ER, Smout MS, et al: Primary ovarian failure: 
a clinicopathological and cytogenetic study. Am J Obstet Gynecol 
91:630–644, 1965.

34. Krauss CM, Turksoy RN, Atkins L, et al: Familial premature ovarian 
failure due to an interstitial deletion of the long arm of the X chromo-
some. N Engl J Med 317:125–131, 1987.

35. Coulam CB, Stringfellow SS, Hoefnagel D: Evidence for a genetic 
factor in the etiology of premature ovarian failure. Fertil Steril 
40:693–695, 1983.

36. Mattison DR, Evans MI, Schwimmer WB, et al: Familial premature 
ovarian failure. Am J Hum Genet 36:1341–1348, 1984.

37. Starup J, Philip J, Sele V: Oestrogen treatment and subsequent pregnancy 
in two patients with severe hypergonadotropic ovarian failure. Acta 
Endocriol (Copenh) 89:149–157, 1978.

38. Aittomaki K, Lucena JLD, Pakarinen P, et al: Mutation in the follicle- 
stimulating hormone receptor gene causes hereditary hypergonadotropic 
ovarian failure. Cell 82:959–968, 1995.

39. Jacobs PA: Fragile X syndrome. J Med Genet 28:809–810, 1991.
40. Turner G, Robinson H, Wake S, et al: Dizygous twinning and pre-mature 

menopause in fragile X syndrome. Lancet 344:1500, 1994.
41. Conway GS, Hettiarachchi S, Murray A, et al: Fragile X permutations 

in familial premature ovarian failure. Lancet 346:309–310, 1995.
42. De Baere E, Dixon MJ, Small KW, et al: Spectrum of FOXL2 gene 

mutations in blepharophimosis-ptosisepicanthus inversus (BPES) families 
demonstrates a genotype-phenotype correlation. Hum Mol Genet 
15:1591–1600, 2001.

43. Harper PS, Dyken PR: Early onset dystrophic myotonia. Lancet 2:53–55, 
1972.

44. Hoefnagel D, Wurster-Hili D, Child EL: Ovarian failure in galactosemia. 
Lancet 2:1197, 1979.

45. Kaufman FR, Kogut MD, Donnell GN, et al: Hypergonadotropic 
hypogonadism in female patients with galactosemia. N Engl J Med 
304:994–998, 1981.

46. Bigleri EG, Herron MA, Brust N: 17-Hydroxylation deficiency in man. 
J Clin Invest 45:1946–1954, 1996.

47. Goldsmith O, Solomon DH, Horton R: Hypogonadism and mineral- 
corticoid excess. The 17-hydroxylase deficiency syndrome. N Engl J 
Med 277:673–677, 1967.

48. Mallin SR: Congenital adrenal hyperplasia secondary to 17-hydroxylase 
deficiency: two sisters with amenorrhea, hypokalemia, hypertension 
and cystic ovaries. Ann Intern Med 70:69–75, 1969.

49. LaBarbera AR, Miller MM, Ober C, et al: Autoimmune etiology in 
premature ovarian failure. Am J Reprod Immunol Microbiol 16:115–122, 
1988.

50. Bjorses P, Aaltonen J, Horelli-Kuitunen N, et al: Gene defect behind 
APECED: a new clue to autoimmunity. Hum Mol Genet 7:1547–1553, 
1998.

51. Healy DL, Bacher J, Hodgen GD: Thymic regulation of primate fetal 
ovarian-adrenal differentiation. Biol Reprod 32:1127–1133, 1985.

52. Rabinowe SL, Berger MJ, Welch WR, et al: Lymphocyte dysfunction 
in autoimmune oophoritis: resumption of menses with corticosteroids. 
Am J Obstet Gynecol 81:348, 1986.

53. Bateman BG, Nunley WC, Kitchin JD, III: Reversal of apparent 
premature ovarian failure in a patient with myasthenia gravis. Fertil 
Steril 39:108–110, 1983.

54. Coulam CB, Kempers RD, Randall RV: Premature ovarian failure: 
evidence for the autoimmune mechanism. Fertil Steril 36:238–240, 
1981.

55. Lucky AW, Rebar RW, Blizzard RM, et al: Pubertal progression in the 
presence of elevated serum gonadotropins in girls with multiple 
endocrine deficiencies. J Clin Endocrinol Metab 45:673–678, 1977.

56. Hoek A, Shoemaker J, Drexhage HA: Premature ovarian failure and 
ovarian autoimmunity. Endocr Rev 18:107–134, 1997.

57. Arif S, Vallian S, Farazneh F, et al: Identification of 3 beta-hydroxysteroid 
dehydrogenase as novel target of steroid-producing cell autoantibodies: 
association of autoantibodies with endocrine autoimmune disease. J 
Clin Endocrinol Metab 81:4439–4445, 1996.

References

1. U.S. Bureau of the Census: Current population reports: projections of 
the population of the United States 1977 to 2050, Washington, DC, 
1993, U.S. Government Printing Office.

2. Willett W, Stampfer MJ, Bain C, et al: Cigarette smoking, relative 
weight and menopause. Am J Epidemiol 117:651–658, 1983.

3. Luoto R, Laprio J, Uutela A: Age at natural menopause and sociode-
mographic status in Finland. Am J Epidemiol 139:64–76, 1994.

4. Cooper GS, Sandler DP: Age at natural menopause and mortality. Ann 
Epidemiol 8:229–235, 1998.

5. Wise AM, Krajnak KM, Kashon ML: Menopause: the aging of multiple 
pacemakers. Science 273:67–70, 1996.

6. Snowdon DA, Kane RL, Besson WL, et al: Is early natural menopause 
a biologic marker of health and aging? Am J Public Health 79:709–714, 
1989.

7. Stanford L, Hartge P, Brinton LA, et al: Factors influencing the age at 
natural menopause. J Chronic Dis 40:995–1002, 1987.

8. van Noord PA, Dubas JS, Dorland M, et al: Age at natural menopause 
in a population-based screening cohort: the role of menarche, fecundity, 
and lifestyle factors. Fertil Steril 68:95–102, 1997.

9. Greendale G, Hogan P, Kritz-Silverstain D, et al: Age at menopause 
in women participating in the postmenopausal estrogen/progestins 
interventions (PEPI) trial: an example of bias introduced by selection 
criteria. Menopause 2:27–34, 1995.

10. Scragg RFR: Menopause and reproductive span in rural Nulgini. Proc 
Ann Symp Papua New Guinea Med Soc 126–144, 1973.

11. Baird DD, Trlavsky FA, Anderson JJB: Do vegetarians have earlier 
menopause? Am J Epidemiol 128:907–908, 1988.

12. Bromberger JT, Matthews KA, Kuller LH, et al: Prospective study of 
the determinants of age at menopause. Am J Epidemiol 145:124–133, 
1997.

13. Alvarado G, Rivera R, Ruiz R, et al: Characteristicas del patron de 
sangrado menstrual en un grupo de mujeres normales de Durango. 
Ginecol Obstet Mex 56:127–133, 1998.

14. Chompootweep S, Tankeyoon M, Yamarat K, et al: The menstrual age 
and climacteric complaints in Thai women in Bangkok. Maturitas 
17:63–71, 1993.

15. Beyene Y: Cultural significance and physiological manifestations of 
menopause, a bicultural analysis. Cult Med Psychiatry 10:47–71,  
1986.

16. Ramoso-Jalbuena J: Climacteric Filipino women: a preliminary survey 
in the Philippines. Maturitas 19:183–190, 1994.

17. Ahuja M: Age of menopause and determinants of menopause age: a 
PAN India survey by IMS. J Midlife Health 7:126–131, 2016.

18. Beall CM: Ages at menopause and menarche in a high altitude Himalayan 
population. Ann Hum Biol 10:365–370, 1983.

19. Gonzalez GF, Villena A: Age at menopause in central Andean Peruvian 
women. Menopause 4:32–38, 1997.

20. de Bruin JP, Bovenhuis H, van Noord PA, et al: The role of genetic 
factors in age at natural menopause. Hum Reprod 16:2014–2018,  
2001.

21. Depmann M, Broer SL, van der Schouw YT, et al: Can we predict age 
of at natural menopause: a systematic literature review. Menopause 
3(2):224–232, 2016.

22. Stolk L, Perry JR, Chasman DI, et al: Meta-analyses identify 13 loci 
associated with age at menopause and highlight DNA repair and immune 
pathways. Nat Genet 44:260–268, 2012.

23. Wood MA, Rajjkovic A: Genomic markers of ovarian reserve. Semin 
Reprod Med 31(6):399–415, 2013.

24. Cooper AR, Baker VL, Sterling EW, et al: The time is now for a new 
approach to primary ovarian insufficiency. Fertil Steril 95(6):1890–1897, 
2011.

25. Alper MM, Garner PR, Cher B, et al: Premature ovarian failure. J 
Reprod Med 31:699–708, 1986.

26. Aiman J, Smentek C: Premature ovarian failure. Obstet Gynecol 66:9–14, 
1985.

27. Coulam CB, Adamson SC, Annegers JF: Incidence of premature ovarian 
failure. Obstet Gynecol 67:604–606, 1986.

28. Faddy MJ, Gosden RJ, Gougeon A, et al: Accelerated disappearance 
of ovarian follicles in midlife: implications for forecasting menopause. 
Hum Reprod 7:1342–1346, 1992.

29. Gougeon A, Ecochard R, Thalabard JC: Age-related changes of the 
population of human ovarian follicles: increase in the disappearance 
rate of non growing and early growing follicles in aging women. Biol 
Reprod 50:653–663, 1994.

Downloaded for kate bresnahan (k.bresnahan@elsevier.com) at Elsevier - Demonstration Account from ClinicalKey.com by Elsevier on 
January 19, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.



356.e2 PART 1 Endocrinology of Reproduction

83. Klein NA, Battaglia DE, Clifton DK, et al: The gonadotropin secretion 
pattern in normal women of advanced reproductive age in relation to 
the monotropic FSH rise. J Soc Gynecol Investig 3:27–32, 1996.

84. Hughes EG, Robertson DM, Handelsman DJ, et al: Inhibin and estradiol 
responses to ovarian hyperstimulation: effects of age and predictive 
value for in vitro fertilization outcome. J Clin Endocrinol Metab 
70:358–364, 1990.

85. Licciardi FL, Liu HC, Rosenwaks Z: Day 3 estradiol serum concentrations 
as prognosticators of ovarian stimulation response and pregnancy outcome 
in patients undergoing in vitro fertilization. Fertil Steril 64:991–994, 
1995.

86. Scott RT, Leonardi MR, Hofmann GE, et al: A prospective evaluation 
of clomiphene citrate challenge test screening of the general infertility 
population. Obstet Gynecol 82:539–574, 1993.

87. Xiao S, Robertson DM, Findlay JK: Effects of activin and follicle- 
stimulating hormone (FSH) suppression protein/follistatin on FSH 
receptors and differentiation of cultured rat granulosa cells. Endocrinol-
ogy 131:1009–1016, 1992.

88. Reame NE, Wyman TL, Phillips DJ, et al: Net increase in stimulatory 
input resulting from a decrease in inhibin B and an increase in activin 
A may contribute in part to the rise in follicular phase follicle-stimulating 
of hormone of aging cyclic women. J Clin Endocrinol Metab 
83:3302–3307, 1998.

89. Erickson GF, Kokka S, Rivier C: Activin causes premature superovulation. 
Endocrinology 136:4804–4813, 1995.

90. Yen SSC: The biology of menopause. J Reprod Med 18:287, 1977.
91. Dowsett M, Cantwel B, Lal A, et al: Suppression of postmenopausal 

ovarian steroidogenesis with the luteinizing hormone-releasing hormone 
agonist goserelin. J Clin Endocrinol Metab 66:672–677, 1988.

92. Andreyko JL, Monroe SE, Marshall LA, et al: Concordant suppression 
of serum immunoreactive luteinizing hormone (LH), follicle-stimulating 
hormone, alpha subunit, bioactive LH, and testosterone in postmeno-
pausal women by a potent gonadotropin releasing hormone antagonist 
(detirelix). J Clin Endocrinol Metab 74:399–405, 1992.

93. Couzinet B, Meduri G, Lecce MG, et al: The postmenopausal ovary 
is not a major androgen-producing gland. J Clin Endocrinol Metab 
86:5060–5066, 2001.

94. Vermuelen A: Dehydroepiandrosterone and aging. Ann N Y Acad Sci 
774:121–127, 1995.

95. Lasley BL, Santoro N, Randolf JF, et al: The relationship of circulating 
dehydroepiandrosterone, testosterone, and estradiol to stages of  
the menopausal transition and ethnicity. J Clin Endocrinol Metab 
87:3760–3767, 2002.

96. Zumoff B, Strain GW, Miller LK, et al: Twenty-four hour mean plasma 
testosterone concentration declines with age in normal premenopausal 
women. J Clin Endocrinol Metab 80:1429–1430, 1995.

97. Burger HG, Dudley EC, Cui J, et al: A prospective longitudinal study 
of serum testosterone, dehydroepiandrosterone sulfate, and sex hormone-
binding globulin levels through the menopause transition. J Clin 
Endocrinol Metab 85:2832–2838, 2000.

98. Rance NE, Young WS, McMullen NT: Topography of neurons expressing 
luteinizing hormone-releasing hormone gene transcripts in the human 
hypothalamus and basal forebrain. J Comp Neurol 339:573–586,  
 
1994.

99. Rance NE, Uswandi SV: Gonadotropin-releasing hormone gene expres-
sion is increased in the medial basal hypothalamus of postmenopausal 
women. J Clin Endocrinol Metab 81:3540–3546, 1996.

100. Arisawa M, De Palatis L, Ho R, et al: Stimulatory role of substance P 
on gonadotropin release in ovariectomized rats. Neuroendocrinology 
51:523–529, 1990.

101. Rance NE, Young WS: Hypertrophy and increased gene expression of 
neurons containing neurokinin-B and substance-P messenger ribonucleic 
acids in the hypothalami of postmenopausal women. Endocrinology 
128:2239–2247, 1991.

102. Abel TW, Voytko ML, Rance NE: The effects of hormone replacement 
therapy on hypothalamic neuropeptide gene expression in a primate 
model of menopause. J Clin Endocrinol Metab 84:2111–2118, 1999.

103. Deleted in review.
104. Wise PM, Scarbrough K, Lloyd J, et al: Neuroendocrine concomitants 

of reproductive aging. Exp Gerontol 29:275–283, 1994.
105. Wise PM: Menopause and the brain. Sci Am (Special issue: Women’s 

Health—A Lifelong Guide) 9:79–81, 1998.
106. Veldhuis JD, Iranmanesh A, Johnson ML, et al: Twenty-four hour 

rhythms in plasma concentrations of adrenohypophyseal hormones 

58. Rebar RW: Premature ovarian failure. In Lobo RA, editor: Treatment 
of the postmenopausal woman, ed 3, New York, 2007, Academic Press, 
pp 99–109.

59. Chen S, Sawicka J, Betterle C, et al: Autoantibodies to steroidogenic 
enzymes in autoimmune polyglandular syndrome, Addison’s disease, 
and premature ovarian failure. J Clin Endocrinol Metab 81:1871–1876, 
1996.

60. Silva de Sa MF, Matthews MJ, Rebar RW: Altered forms of immuno- 
reactive urinary FSH and LH in premature ovarian failure. Infertility 
11:1–11, 1988.

61. Sluss PM, Schneyer AL: Low molecular weight follicle-stimulating 
hormone receptor binding inhibitor in sera from premature  
ovarian failure patients. J Clin Endocrinol Metab 74:1242–1246,  
1992.

62. Morrison JC, Givens JR, Wiser WL, et al: Mumps oophoritis: a cause 
of premature menopause. Fertil Steril 26:655–659, 1975.

63. Siris ES, Leventhal BG, Vaitukaitis JL: Effects of childhood leukemia 
and chemotherapy on puberty and reproductive function in girls. N 
Engl J Med 294:1143–1146, 1976.

64. Ash P: The influence of radiation on fertility in man. Br J Radiol 
53:271–278, 1980.

65. Ray GR, Trueblood HW, Enright LP, et al: Oophoropexy: a means of 
preserving ovarian function following pelvic megavoltage radiotherapy 
for Hodgkin’s disease. Radiology 96:175–180, 1970.

66. Stillman RJ, Schiff I, Schinfeld J: Reproductive and gonadal function 
in the female after therapy for childhood malignancy. Obstet Gynecol 
Surv 37:385–393, 1982.

67. Whitheead E, Shalet SM, Blackledge G, et al: The effect of combination 
chemotherapy on ovarian function in women treated for Hodgkin’s 
disease. Cancer 52:988–993, 1983.

68. Damewood MD, Grochow LB: Prospects for fertility after chemo- 
therapy or radiation for neoplastic disease. Fertil Steril 45:443–459, 
1986.

69. Rebar RW: Premature ovarian failure. In Lobo RA, Kelsey J, Marcus 
R, editors: Menopause—biology and pathobiology, New York, 2000, 
Academic Press, pp 135–146.

70. Alper MM, Jolly EE, Garner PB: Pregnancies after premature ovarian 
failure. Obstet Gynecol 67:595–625, 1986.

71. Ledger WL, Thomas EJ, Browning D, et al: Suppression of gonadotropin 
secretion does not reverse premature ovarian failure. J Obstet Gynecol 
96:196–199, 1989.

72. Vissar JA, Schipper I, Laven JS, et al: Anti-Mullerian hormone: an 
ovarian reserve marker in primary ovarian insufficiency. Nat Rev 
Endocrinol 8(6):331–341, 2012.

73. Bidet M, Bachelot A, Bissauge E, et al: Resumption of ovarian function 
and pregnancies in 358 patients with premature ovarian failure. J Clin 
Endocrinol Metab 96:38964–38972, 2011.

74. Atsma F, Bartelink ML, Grobbee DE, et al: Postmenopausal status and 
early menopause as independent risk factors for cardiovascular disease: 
a meta-analysis. Menopause 13(2):265–279, 2006, (review).

75. Tao XY, Zuo AZ, Wang JQ, et al: Effect of primary ovarian insufficiency 
and early natural menopause on mortality: a meta-analysis. Climacteric 
19:27–36, 2016.

76. Soules MR, Sherman S, Parrott E, et al: Executive summary: Stages 
of Reproductive Aging Workshop (STRAW). Fertil Steril 76:874–878, 
2001.

77. Harlow SD, Gass M, Hall JE, et al: Executive summary of the stages 
of reproductive aging workshop + 10: addressing the unfinished agenda 
of staging reproductive aging. J Clin Endocrinol Metab 97(4):1159–1168, 
2012.

78. Erickson GF: An analysis of follicle development and ovum maturation. 
Semin Reprod Endocrinol 4:233–254, 1986.

79. Deleted in review.
80. Randolph JF, Jr, Zheng H, Sowers MR, et al: Change in follicle-

stimulating hormone and estradiol across the menopausal transition: 
effect of age at the final menstrual period. J Clin Endocrinol Metab 
96(3):746–754, 2011.

81. Klein NA, Illingworth PJ, Groome NP, et al: Decreased inhibin B 
secretion is associated with the menotropic FSH rise in older, ovulatory 
women: a study of serum and follicular fluid levels of dimeric inhibin 
A and B in spontaneous menstrual cycles. J Clin Endocrinol Metab 
81:2742–2745, 1996.

82. Welt CK, McNicholl DJ, Taylor AE, et al: Female reproductive aging 
is marked by decreased secretion of dimeric inhibin. J Clin Endocrinol 
Metab 84:105–111, 1999.

Downloaded for kate bresnahan (k.bresnahan@elsevier.com) at Elsevier - Demonstration Account from ClinicalKey.com by Elsevier on 
January 19, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.



 CHAPTER 14 Menopause and Aging  356.e3

133. Schneider MA, Brotherton PL, Hailes J: The effect of exogenous 
oestrogens on depression in menopausal women. Med J Aust 2:162–163, 
1977.

134. Fedor-Freybergh P: The influence of oestrogens on the well being and 
mental performance in climacteric and postmenopausal women. Acta 
Obstet Gynecol Scand Suppl 64:1–99, 1977.

135. Sherwin RB, Gelfand MM: Sex steroids and affect in the surgical 
menopause: double-blind cross-over study. Psychoneuroendocrinology 
10:325–335, 1985.

136. Montgomery JC, Appleby L, Brincat M, et al: Effect of oestrogen and 
testosterone implants on psychological disorders in the climacteric. 
Lancet 1:297–299, 1987.

137. Sherwin BB: Affective changes with estrogen and androgen replacement 
therapy in surgically menopausal women. J Affect Disord 14:177–187, 
1988.

138. Ditkoff EC, Crary WG, Cristo M, et al: Estrogen improves psychological 
function in asymptomatic postmenopausal women. Obstet Gynecol 
78:991–995, 1991.

139. Best NR, Rees MP, Barlow DH, et al: Effect of estradiol implant on 
noradrenergic function and mood in menopausal subjects. Psycho-
neuroendocrinology 17:87–93, 1972.

140. Klaiber EL, Broverman DM, Vogel W, et al: Estrogen therapy for severe 
persistent depressions in women. Arch Gen Psychiatry 36:550–554, 
1979.

141. Zweifel JE, O’Brien WH: A meta-analysis of the effect of hormone 
replacement therapy upon depressed mood. Psychoneuroendocrinology 
22:189–212, 1997.

142. Sherwin BB: The impact of different doses of estrogen and progestin on 
mood and sexual behavior in postmenopausal women. J Clin Endocrinol 
Metab 72:336–343, 1991.

143. Holst J, Backstrom T, Hammarback S, et al: Progestogen addition 
during oestrogen replacement therapy: effects on vasomotor symptoms 
and mood. Maturitas 11:13–20, 1989.

144. Klaiber EL, Broverman DM, Vogel W, et al: Individual differences 
in changes in mood and platelet monoamine oxidase (MAO) activ-
ity during hormonal replacement therapy in menopausal women. 
Psychoneuroendocrinology 21:575–592, 1996.

145. Jacobs DM, Tang MX, Stern Y, et al: Cognitive function in nonde-
mented older women who took estrogen after menopause. Neurology 
50:368–373, 1998.

146. Maki PM, Zonderman AB, Resnick SM: Enhanced verbal memory in 
nondemented elderly estrogen users. Am J Psychiatry 158:227–233, 
2001.

147. Maki PM, Resnick SM: Longitudinal effects of estrogen replacement 
therapy on PET cerebral blood flow and cognition. Neurobiol Aging 
21:373–383, 2000.

148. Resnick SM, Makii PM, Golski S, et al: Effects of estrogen replace-
ment therapy on PET cerebrala blood flow and neuropsychological 
performance. Horm Behav 34:171–182, 1998.

149. Shaywitz SE, Shaywitz BA, Pugh KR, et al: Effect of estrogen on brain 
activation patterns in postmenopausal women during working memory 
task. JAMA 281:1197–1202, 1999.

150. Toran-Allerand CD, Miranda RC, Bentham WDL, et al: Estrogen 
receptors colocalize with low-affinity nerve growth factor receptors 
in cholinergic neurons of the basal forebrain. Proc Natl Acad Sci U S 
A 89:4668–4672, 1992.

151. Coyle JT, Price DL, DeLong MR: Alzheimer’s disease: a disorder of 
cortical cholinergic innervation. Science 219:1184–1190, 1983.

152. LeBlanc ES, Janoowsky J, Chan BK, et al: Hormone replacement 
therapy and cognition. Systematic review and meta-analysis. JAMA 
285:1489–1499, 2001.

153. Brenner DE, Kukull WA, Stergachis A, et al: Postmenopausal  
estrogen replacement therapy and the risk of Alzheimer’s disease: a 
population-based case-control study. Am J Epidemiol 140:262–267,  
1994.

154. Henderson VW, Paganini-Hill A, Emanuel CK, et al: Estrogen replace-
ment therapy in older women: comparisons between Alzheimer’s disease 
cases and nondemented control subjects. Arch Neurol 51:896–900, 
1994.

155. Paganini-Hill A, Henderson VW: Estrogen deficiency and risk of 
Alzheimer’s disease in women. Am J Epidemiol 140:256–261,  
1994.

156. Mortel KF, Meyer JS: Lack of postmenopausal estrogen replacement 
therapy and the risk of dementia. J Neuropsychiatry Clin Neurosci 
7:334–337, 1995.

are generated by distinct amplitude and/or frequency modulation 
of underlying pituitary secretory bursts. J Clin Endocrinol Metab 
71:1616–1623, 1990.

107. Reame N, Luckas J, Ansbacher R, et al: The hypothalamic GnRH pulse 
generator is altered in ovulatory, premenopausal women: evidence from 
24 hr pulsatile LH studies. Fertil Steril 255:S97, 2002.

108. Yen SSC: Neuroendocrine rhythms of gonadotropin secretion in women. 
In Ferin M, Halberg F, Richart RM, et al, editors: Biorhythms and human 
reproduction, New York, 1977, John Wiley & Sons, pp 219–238.

109. Jones KP, Walker LC, Anderson D: Depletion of ovarian follicles. Biol 
Reprod 77:247–251, 2007.

110. Sowers MR, Eyvazzadeth AD, McConnell D, et al: Anti-mullerian 
hormone and inhibin in the definition of ovarian aging and the menopause 
transition. J Clin Endocrinol Metab 93(9):L34768–L34783, 2008.

111. Hehenkamp WJ, Looman CW, Themmen AP, et al: Anti-mullerian 
hormone levels in the spontaneous menstrual cycle do not show 
substantial fluctuation. J Clin Endocrinol Metab 91(10):4057–4063, 
2006.

112. Birch Petersen K, Hvidman HW, Forman JL, et al: Ovarian reserve 
assessment in users of oral contraception seeking fertility advice on 
their reproductive lifespan. Hum Reprod 30(10):2364–2375, 2015.

113. MacLusky N, Naftolin F: Sexual differentiation of central nervous 
system. Science 211:1294–1302, 1981.

114. Toran-Allerand CD, Guan X, MacLusky NJ, et al: ER-X: a novel, plasma 
membrane-associated, putative estrogen receptor that is regulated during 
development and after ischemic brain injury. J Neurosci 22:8391–8401, 
2002.

115. Shughrue P, Lane M, Merchenthaler I: Comparative distribution of 
estrogen receptor-alpha and -beta mRNA in the rat central nervous 
system. J Comp Neurol 388:507–525, 1997.

116. Laflamme N, Nappi R, Drolet G, et al: Expression and neuropeptidergic 
characterization of estrogen receptor (ER alpha and beta) throughout 
the rat brain: anatomical evidence of district role of each subtype. J 
Neurobiol 36:357–378, 1998.

117. Henderson VW: Estrogen, cognition and a woman’s risk of Alzheimer’s 
disease. Am J Med 103:11–18, 1997.

118. Kronenberg F: Hot flashes: epidemiology and physiology. Ann N Y 
Acad Sci 592:52–86, 1990.

119. Feldman BM, Voda AM, Gronseth E: The prevalence of hot flash and 
associated variables among perimenopausal women. Res Nurs Health 
8:261–268, 1985.

120. Avis NE, Crawford SL, Greendale G, et al: Duration of menopausal 
vasomotor symptoms. JAMA Intern Med 175(4):531–539, 2015.

121. Oldenhave A, Jaszmann LJ, Haspels AA, et al: Impact of climacteric 
on well-being. A study based on 5213 women 39 to 60 years old. Am 
J Obstet Gynecol 168:772, 1993.

122. Gold EB, Sternfeld B, Kelsey JL, et al: Relation of demographic and 
lifestyle factors to symptoms in a multi-racial/ethnic population of 
women 40-55 years of age. Am J Epidemiol 152:463, 2000.

123. Meldrum DR, Tataryn IV, Frumar AM, et al: Gonadotropins, estrogens, 
and adrenal steroids during the menopausal hot flash. J Clin Endocrinol 
Metab 50:685–689, 1980.

124. Genazzani AR, Petraglia F, Facchinetti F, et al: Increase of proopiomel-
anocortin-related peptides during subjective menopausal flushes. Am 
J Obstet Gynecol 149:775–779, 1984.

125. Freedman RR: Menopausal hot flashes. In Lobo RA, editor: Treatment 
of the postmenopausal woman, ed 3, New York, 2007, Academic Press, 
pp 187–198.

126. Mittleman-Smith MA, Williams H, Krajewski-Hall SJ, et al: Role of 
kisspeptin/neurokinin B/dynorphin (KNDy) neurons in cutaneous 
vasodilation and the estrogen modulation of body temperature. Proc 
Natl Acad Sci USA 109(48):19846–19851, 2012.

127. Jayasena CN, Comninos AN, Stefanopoulou E, et al: Neurokinin 
B administration induces hot flushes in women. Sci Rep 5:8466,  
2015.

128. Erlik Y, Tataryn IV, Meldrum DR, et al: Association of waking episodes 
with menopausal hot flushes. JAMA 245:1741–1744, 1981.

129. Shaver J, Giblin E, Lentz M, et al: Sleep patterns and stability in 
perimenopausal women. Sleep 11:556–561, 1988.

130. Deleted in review.
131. Thomson J, Oswald I: Effect of oestrogen on the sleep, mood, and 

anxiety of menopausal women. Br Med J 2:1317–1319, 1977.
132. Schiff I, Regestein Q, Tulchinsky D, et al: Effects of estrogens on sleep 

and psychological state of hypogonadal women. JAMA 242:2405–2407, 
1979.

Downloaded for kate bresnahan (k.bresnahan@elsevier.com) at Elsevier - Demonstration Account from ClinicalKey.com by Elsevier on 
January 19, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.



356.e4 PART 1 Endocrinology of Reproduction

182. Barlow DH, Samsioe G, van Geelen JM: A study of European women’s 
experience of the problems of urogenital ageing and its management. 
Maturitas 27:239–247, 1997.

183. Diokno AC, Brock BM, Brown MB, et al: Prevalence of urinary 
incontinence and other urological symptoms in the noninstitutionalized 
elderly. J Urol 136:1022–1025, 1986.

184. Hilton P, Tweddel AL, Mayne C: Oral and intravaginal oestrogens alone 
and in combination with alpha adrenergic stimulation in genuine stress 
incontinence. Int Urogynecol J 12:80–86, 1990.

185. Hilton P, Stanton SL: The use of intravaginal estrogen cream in genuine 
stress incontinence: a double blind clinical trial. Urol Int 33:136–143, 
1978.

186. Wilson PD, Paragher B, Butler B, et al: Treatment with oral piperalzine 
oestrone sulphate for genuine stress incontinence in postmenopausal 
women. Br J Obstet Gynaecol 94:568–574, 1987.

187. Elia G, Bergman A: Estrogen effects on the urethra: beneficial effects 
in women with genuine stress incontinence. Obstet Gynecol Surv 
48:509–517, 1993.

188. Fantl JA, Bump RC, Robinson D, et al: Efficacy of estrogen supplementa-
tion in the treatment of urinary incontinence: the Continence Program 
for Women Research Group. Obstet Gynecol 88:745–749, 1996.

189. Raz R, Stamm WE: A controlled trial of intravaginal estriol in post-
menopausal women with recurrent urinary tract infections. N Engl J 
Med 329:753–756, 1993.

190. Nappi RE, Davis SR: The use of hormone therapy for the maintenance 
of urogynecological and sexual health. Climacteric 15:267–274, 2012.

191. Heimer G, Samsioe G: Effects of vaginally delivered estrogens. Acta 
Obstet Gynecol Scand Suppl 163:1–2, 1996.

192. Ashcroft GS, Dodsworth J, van Boxtel E, et al: Estrogen accelerates 
cutaneous wound healing associated with an increase in TGF-beta 1 
levels. Nat Med 3:1209–1215, 1997.

193. Ashcroft GS, Greenwell-Wild T, Horan MA, et al: Topical estrogen 
accelerates cutaneous wound healing in aged humans associated with 
an altered inflammatory response. Am J Pathol 155:1137–1146, 1997.

194. Dennerstein L, Dudley EC, Hopper JL, et al: A prospective population-
based study of menopausal symptoms. Obstet Gynecol 96:351–358, 
2000.

195. Versi E, Harvey MA, Cardozo L, et al: Urogenital prolapse and atrophy 
at menopause: a prevalence study. Int Urogynecol J Pelvic Floor Dysfunct 
12:107–110, 2001.

196. Stenburg A, Heimer G, Ulmsten U, et al: Prevalence of genitourinary 
and other climacteric symptoms in 61-year-old women. Maturitas 
24:31–36, 1996.

197. Semmens JP, Tsai CC, Semmens EF, et al: Effects of estrogen therapy 
on vaginal physiology during menopause. Obstet Gynecol 66:15–18, 
1985.

198. Labrie F, Archer DF, Bouchard C, et al: Intravaginal dehydroepian-
drosterone (prasterone), a highly efficient treatment of dyspareunia. 
Climacteric 14(2):282–288, 2011.

199. Riggs BL, Wahmer HW, Melton L, et al: Rates of bone loss in the 
appendicular and axial skeletons of women: evidence of substantial 
vertebral bone loss before menopause. J Clin Invest 77:1487–1491, 
1986.

200. Slemenda C, Hui SL, Longcope C, et al: Sex steroids and bone 
mass: a study of changes about the time of menopause. J Clin Invest 
80:1261–1269, 1987.

201. Melton LJ, Chrischilles EA, Cooper C, et al: Perspective: how many 
women have osteoporosis? J Bone Miner Res 7:1005–1010, 1992.

202. Cooper C, Campion G, Melton LJ: Hip fractures in the elderly: a 
world-wide projection. Osteoporos Int 2:285–289, 1992.

203. Ray NF, Chan JK, Thamer M, et al: Medical expenditures for the 
treatment of osteoporotic fractures in the United States in 1995: 
report from the National Osteoporosis Foundation. J Bone Miner Res 
12:24–35, 1997.

204. Riggs BL, Melton LJ: Involutional osteoporosis. N Engl J Med 
314:1676–1686, 1986.

205. Giustina A, Veldhuis JD: Pathophysiology of the neuroregulation of 
growth hormone secretion in experimental animals and the human. 
Endocr Rev 19:717–797, 1998.

206. Kasperk CH, Wergedak JE, Farley JR, et al: Androgens directly stimulate 
proliferation of bone cells in vitro. Endocrinology 124:1576–1578,  
1989.

207. Wakley GK, Schutter HD, Jr, Hannon KS, et al: Androgen treatment 
prevents loss of cancellous bone in the orchidectomized rat. J Bone 
Miner Res 6:325–330, 1991.

157. Baldereschi M, Di Carlo A, Lepore V, et al: Estrogen-replacement 
therapy and Alzheimer’s disease in the Italian Longitudinal Study on 
Aging. Neurology 50:996–1002, 1998.

158. Wang SC, Rocca WA, Petersen RC, et al: Postmenopausal estrogen 
replacement therapy and risk of AD: a population-based study. Neurology 
52:965–970, 1995.

159. Slooter AJ, Bronzova J, Witteman JC, et al: Estrogen use and early 
onset Alzheimer’s disease: a population-based study. J Neurol Neurosurg 
Psychiatry 67:779–781, 1999.

160. Tang M-X, Jacobs D, Stern Y, et al: Effect of oestrogen during menopause 
on risk and age at onset of Alzheimer’s disease. Lancet 348:429–432, 
1996.

161. Kawas C, Resnick S, Morrison A, et al: A prospective study of estrogen 
replacement therapy and the risk of developing Alzheimer’s disease: 
the Baltimore Longitudinal study of aging. Neurology 48:1517–1521, 
1997.

162. Yaffe K, Sawaya G, Lieberburg I, et al: Estrogen therapy in post-
menopausal women: effects on cognitive function and dementia. JAMA 
279:688–695, 1998.

163. Harwood DG, Barker WW, Loewenstein DA, et al: A cross-ethnic 
analysis or risk factors for AD in white Hispanics and white non-
Hispanics. Neurology 52:551–556, 1999.

164. Zandi PP, Carlson MC, Plassman BL, et al: Hormone replacement 
therapy and incidence of Alzheimer disease in older women: the Cache 
County Study. JAMA 288(17):2123–2129, 2002.

165. Maki PM, Henderson VW: Hormone therapy, dementia, and cognition: 
the Women’s Health Initiative 10 years on. Climacteric 15(3):256–262, 
2012, Rev.

166. Henderson VW, St. John JA, McCleary CA, et al: Cognitive effects 
of estradiol after menopause. Neurology 67:699–708, 2016.

167. Kantarci K, Lowe VJ, Lesnick TG: Early postmenopausal transdermal 
17β-estradiol therapy and amyloid-β deposition. J Alzheimers Dis 
53:547–556, 2016.

168. Mulnard RA, Cotman CW, Kawas C, et al: Estrogen replacement therapy 
for treatment of mild to moderate Alzheimer’s disease: a randomized 
controlled trial. JAMA 283:1007–1015, 2000.

169. Shumaker SA, Legault C, Rapp SR, et al: Estrogen plus progestin and the 
incidence of dementia and mild cognitive impairment in postmenopausal 
women: the Women’s Health Initiative Memory Study: a randomized 
controlled trial. JAMA 289:2651–2662, 2003.

170. Shumaker SA, Legault C, Kuller L, et al: Conjugated equine estrogens 
and incidence of probable demential and mild cognitive impairment in 
postmenopausal women: Women’s Health Initiative Memory Study. 
JAMA 291:2947–2958, 2004.

171. Brincat M, Moniz CJ, Studd JWW, et al: Sex hormones and skin  
collagen content in postmenopausal women. Br Med J 287:1337–1338, 
1983.

172. Brincat M, Kabalan S, Studd JWW, et al: A study of the relation-
ship of skin collagen content, skin thickness and bone mass in the 
postmenopausal woman. Obstet Gynecol 70:840–845, 1987.

173. Punnonen R: Effect of castration and peroral therapy on skin. Acta 
Obstet Gynecol Scand Suppl 21:1–4, 1973.

174. Brincat M, Moniz CJ, Studd JWW, et al: Long term effects of the 
menopause and sex hormones on skin thickness. Br J Obstet Gynaecol 
92:256–259, 1985.

175. Castelo-Branco C, Duran M, Gonzalez-Merlo J: Skin collagen changes 
related to age and hormone replacement therapy. Maturitas 15:113–119, 
1992.

176. Dunn LB, Damesyn M, Moore AA, et al: Does estrogen prevent skin 
aging? Results from the First National Health and Nutrition Examination 
Survey (NHANESI). Arch Dermatol 133:339–342, 1997.

177. Varila E, Rantala I, Ikarinem A, et al: The effect of topical oestriol 
on skin collagen of postmenopausal women. Br J Obstet Gynaecol 
102:985–989, 1995.

178. Shahrad P, Marks RA: Pharmacological effect of oestrone on human 
epidermis. Br J Dermatol 97:383–386, 1977.

179. Versi E, Caradozo LD, Brincat M, et al: Correlation of urethral physiology 
and skin collagen in postmenopausal women. Br J Obstet Gynaecol 
95:147–152, 1988.

180. Falconer C, Ekman Orderberg G, Ulmasten U, et al: Changes in para-
urethral connective tissue at menopause are counteracted by estrogen. 
Maturitas 24:197–204, 1996.

181. Samuelsson EC, Victor FT, Svardsudd KF: Five-year incidence and 
remission rates of female urinary incontinence in a Swedish population 
less than 65 years old. Am J Obstet Gynecol 183:568–574, 2000.

Downloaded for kate bresnahan (k.bresnahan@elsevier.com) at Elsevier - Demonstration Account from ClinicalKey.com by Elsevier on 
January 19, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.



 CHAPTER 14 Menopause and Aging  356.e5

234. Gabel L, Macdonald HM, McKay HA: Sex differences and growth-
related adaptations in bone microarchitecture, geometry, density and 
strength from childhood to early adulthood: a mixed longitudinal 
HR-pQCT study. J Bone Miner Res 2016.

235. Eastell R, Hannon RA: Biochemical markers of bone turnover. In Lobo 
RA, editor: Treatment of the postmenopausal woman basic and clinical 
aspects, ed 3, St. Louis, 2007, Elsevier Academic Press, pp 337–350.

236. Islam S, Liu Q, Chines A, et al: Trend in incidence of osteoporosis-related 
fractures among 40-to 69-year-old women: analysis of a large insurance 
claims database, 2000-2005. Menopause 16(1):77–83, 2009.

237. Karim R, Dell RM, Greene DF, et al: Hip fracture in postmenopausal 
women after cessation of hormone therapy: results from a prospec-
tive study in a large health management organization. Menopause 
18(11):1172–1177, 2011.

238. Lobo RA, Whitehead M: Is low-dose hormone replacement for post-
menopausal women efficacious and desirable? Climacteric 4:110–119, 
2001.

239. Lindsay R, Gallagher JC, Kooper M, et al: Effect of lower doses of 
conjugated equine estrogen with and without medroxyprogesterone 
acetate on bone in early postmenopausal women. JAMA 287:2668–2676, 
2002.

240. Riis BJ, Lehmann HJ, Christiansen C: Northindrone acetate in combina-
tion with estrogen: effects on the skeleton and other organs. Am J 
Obstet Gynecol 187:1101–1116, 2002.

241. Ettinger B, Black DM, Mitlak BH, et al: Reduction of vertebral fracture 
risk in postmenopausal women with osteoporosis treated with raloxifene: 
results from a 3-year randomized clinical trial. Multiple outcomes 
of raloxifene evaluation (MORE) investigators. JAMA 282:637–645,  
1999.

242. Geusens P, Dequeker J, Gielen J, et al: Non-linear increase in vertebral 
density induced by a synthetic steroid (Org OD14) in women with 
established osteoporosis. Maturitas 13:155–162, 1991.

243. Bjarnason NH, Bjarnason K, Haarbo J, et al: Tibolone: prevention of 
bone loss in late postmenopausal women. J Clin Endocrinol Metab 
81:2419–2422, 1996.

244. Adami S, Zamberlan N, Mian M, et al: Duration of the effects of 
intravenous alendronate in postmenopausal women and in patients 
with primary hyperparathyroidism and Paget’s disease of bone. Bone 
Miner 25:75–82, 1994.

245. Cummings SR, Black DM, Thompson DE, et al: Effect of alendronate 
on risk of fracture in women with low bone density but without 
vertebral fractures: results from the fracture intervention trial. JAMA 
280:2077–2082, 1998.

246. Shane E, Burr D, Abrahamsen AB, et al: Atypical subtrochanteric and 
diaphyseal femoral fractures: second report of a task force of the 
American Society for Bone and Mineral Research. J Bone Miner Res 
29(1):1–23, 2014.

247. Khan AA, Morrison A, Hanley DA, et al: Diagnosis and management 
of osteonecrosis of the jaw: a systematic review and international 
consensus. J Bone Miner Res 30(1):3–23, 2015.

248. Abrahamsen B, Pazianas M, Eiken P, et al: Esophageal and gastric cancer 
incidence and mortality in alendronate users. J Bone Miner Res 27:243, 
2012.

249. Overgaard K, Hansen MA, Jensen SB: Effects of salcatonin given 
intranasally on bone mass and fracture rates in established osteoporosis: 
a dose-response study. Br Med J 305:556–561, 1992.

250. Rico H, Hernandez ER, Revilla M, et al: Salmon calcitonin reduces 
vertebral fracture rates in postmenopausal crush fracture syndrome. 
Bone Miner 16:131–138, 1992.

251. Riggs BL, Hodgson SF, O’Fallon WM, et al: Effect of fluoride treatment 
on the fracture rate in postmenopausal women with osteoporosis. N 
Engl J Med 322:802–809, 1990.

252. Pak CYC, Sakhaee K, Adams-Huet B, et al: Treatment of postmeno-
pausal osteoporosis with slow-release sodium fluoride: final report of 
a randomized controlled trial. Ann Intern Med 123:401–408, 1995.

253. Heaney RP: Fluoride and osteoporosis. Ann Intern Med 120:689–690, 
1994.

254. Cummings SR, San Martin J, McClung MR, et al: Denosumab for 
prevention of fractures in postmenopausal women with osteoporosis. 
N Engl J Med 36(8):756–765, 2009.

255. Rizzoli R: Continuous treatment with odanacatib for up to 8 years 
in postmenopausal women with low bone mineral density: a phase 2 
study. Osteoporos Int 27:2099–2107, 2016.

256. Lindsay R, Nieves J, Formica C, et al: Randomized controlled study 
of effect of parathyroid hormone on vertebral-bone mass and fracture 

208. Ericksen EF, Colvard DS, Berg NJ, et al: Evidence of estrogen receptors 
in normal human osteoblast-like cells. Science 241:84–86, 1988.

209. Komm BS, Terpening CM, Benz DJ, et al: Estrogen binding receptor 
mRNA, and biologic response in osteoblast-like osteosarcoma cells. 
Science 241:81–84, 1988.

210. Oursler MJ, Osdoby P, Pyfferoen J, et al: Avian osteoclasts as estrogen 
target cells. Proc Natl Acad Sci USA 88:6613–6617, 1991.

211. Oursler MJ, Pederson L, Fitzpatrick L, et al: Human giant cell tumors 
of the bone (osteoclastomas) are estrogen target cells. Proc Natl Acad 
Sci USA 91:5227–5231, 1994.

212. Braidman I, Baris C, Wood L, et al: Preliminary evidence for impaired 
estrogen receptor-a protein expression in osteoblasts and osteocytes 
from men with idiopathic osteoporosis. Bone 26:423–427, 2000.

213. Tomkinson A, Gevevers EF, Wit JM, et al: The role of estrogen in the 
control of rat osteocyte apoptosis. J Bone Miner Res 13:1243–1250, 
1998.

214. Bord S, Horner A, Beavan S, et al: Estrogen receptors a and b are 
differentially expressed in developing human bone. Endocrinology 
86:2309–2314, 2001.

215. Manolagas SC: Birth and death of bone cells: basic regulatory mechanisms 
and implications for the pathogenesis and treatment of osteoporosis. 
Endocr Rev 21:115–137, 2000.

216. Pacifici R: Estrogen, cytokines, and pathogenesis of post-menopausal 
osteoporosis. J Bone Miner Res 11:1043–1051, 1996.

217. Riggs BL: The mechanisms of estrogen regulation of bone resorption. 
J Clin Invest 106:1203–1204, 2000.

218. Oursler MJ, Cortese C, Keeting PE, et al: Modulation of transforming 
growth factor-β production in normal human osteoblast-like cells by 
17β-estradiol and parathyroid hormone. Endocrinology 129:3313–3320, 
1991.

219. Suda T, Takahashi N, Udagawa N, et al: Modulation of osteoclast 
differentiation and function by the new members of the tumor necrosis 
factor receptor and ligand families. Endocr Rev 20:345–357, 1999.

220. Hofbauer LC, Khosla S, Dunstan CR, et al: The roles of osteoprotegerin 
and osteoprotegerin ligand in the paracrine regulation of bone resorption. 
J Bone Miner Res 15:2–12, 2000.

221. Luo J, Yang Z, Ma Y, et al: LGR4 is a receptor for RANKL and negatively 
regulates osteoclast differentiation and bone resorption. Nat Med 
22(5):539–546, 2016.

222. Riggs BL, Khosla S, Melton JL, III: Sex steroids and the construction 
and conservation of the adult skeleton. Endocr Rev 23:279–302, 2002.

223. Riggs BL, Khosla S, Melton JL, III: A unitary model for involutional 
osteoporosis: estrogen deficiency causes both type I and type II 
osteoporosis in postmenopausal women and contributes to bone loss 
in aging men. J Bone Miner Res 13:763–773, 1998.

224. Frost HM: The role of changes in mechanical usage set points in the 
pathogenesis of osteoporosis. J Bone Miner Res 7:253–261, 1992.

225. Frost HM: On rho, a marrow mediator, and estrogen: their roles 
in bone strength and “mass” in human females, osteopenias, and 
osteoporosis—insights from a new paradigm. J Bone Miner Metab 
16:113–123, 1998.

226. Frost HM: Perspective on the estrogen-bone relationship and post- 
menopausal bone loss. J Bone Miner Res 14:1473–1477, 1999.

227. Nguyen TV, Blangero J, Eisman JA: Genetic epidemiological approaches 
to the search for osteoporosis genes. J Bone Miner Res 15:392–401, 
2000.

228. Smith EP, Boyd J, Frank GR, et al: Estrogen resistance caused by 
a mutation in the estrogen-receptor gene in a man. N Engl J Med 
331:1056–1061, 1994.

229. Morishima A, Grumbach MM, Simpson ER, et al: Aromatase deficiency 
in male and female siblings caused by a novel mutation and the physi-
ological role of estrogens. J Clin Endocrinol Metab 80:3689–3698, 
1995.

230. Carani C, Quin K, Simoni M, et al: Effect of testosterone and estra-
diol in a man with aromatase deficiency. N Engl J Med 337:91–95,  
1997.

231. Bilezikian JP, Morishima A, Bell J, et al: Increased bone mass as a result 
of estrogen therapy in a man with aromatase deficiency. N Engl J Med 
339:599–603, 1998.

232. van Kuijk C, Genant HK: Detection of osteopenia. In Lobo RA, editor: 
Treatment of the postmenopausal woman: basic and clinical aspects, ed 
2, Philadelphia, 1999, Lippincott Williams & Wilkins, pp 287–292.

233. Khosla S, Riggs BL, Atkinson EJ, et al: Effects of sex and age on bone 
microstructure at the ultradistal radius: a population-based noninvasive 
in vivo assessment. J Bone Miner Res 21:124–131, 2006.

Downloaded for kate bresnahan (k.bresnahan@elsevier.com) at Elsevier - Demonstration Account from ClinicalKey.com by Elsevier on 
January 19, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.



356.e6 PART 1 Endocrinology of Reproduction

283. Mendelsohn ME, Karas RH: Molecular and cellular basis of cardiovascular 
gender differences. Science 308(5728):1583–1587, 2005.

284. Hulley S, Grady D, Bush T, et al: Randomized trial of estrogen plus 
progestin for secondary prevention of coronary heart disease in post- 
menopausal women. JAMA 280:605–613, 1998.

285. Herrington DM, Reboussin DM, Brosnihan KB, et al: Effects of estrogen 
replacement on the progression of coronary-artery atherosclerosis. N 
Engl J Med 343:522–529, 2000.

286. Clarke SC, Kelleher J, Lloyd-Jones H, et al: A study of hormone 
replacement therapy in postmenopausal women with ischaemic heart 
disease: the Papworth HRT atherosclerosis study. BJOG 109:1056–1062, 
2002.

287. Reis SE, Gloth ST, Blumenthal RS, et al: Ethinyl estradiol acutely 
attenuates abnormal coronary vasomotor responses to acetylcholine 
in postmenopausal women. Circulation 89:52–60, 1994.

288. Campisi R, Nathan L, Pampaloni MH, et al: Noninvasive assessment 
of coronary microcirculatory function in postmenopausal women and 
effects of short-term and long-term estrogen administration. Circulation 
105:425–430, 2002.

289. Post WS, Goldschmidt-Clermont PJ: Methylation of the estrogen 
receptor gene is associated with aging and atherosclerosis in the 
cardiovascular system. Cardiovasc Res 43:985–991, 1999.

290. Umetani M, Domoto H, Gormley AK, et al: 27-Hydroxycholesterol 
as an endogenous SERM that inhibits the cardiovascular effects of 
estrogen. Nat Med 13(10):1185–1192, 2007.

291. Lindheim SR, Presser SC, Ditkoff EC, et al: A possible bimodal effect 
of estrogen on insulin sensitivity in postmenopausal women and the 
attenuating effect of added progestin. Fertil Steril 60:664–667, 1993.

292. Lindheim SR, Legro RS, Bernstein L, et al: Behavioral stress responses in 
premenopausal and postmenopausal women and the effects of estrogen. 
Am J Obstet Gynecol 167:1831–1836, 1992.

293. Stampfer MJ, Colditz GA: Estrogen replacement therapy and coronary 
heart disease: a quantitative assessment of the epidemiologic evidence. 
Prev Med 20:47–63, 1991.

294. Grady D, Herrington D, Bittner V, et al: Cardiovascular disease outcomes 
during 6.8 years of hormone therapy: heart and estrogen/progestin 
replacement study follow-up (HERS II). JAMA 288:49–57, 2002.

295. Alexander KP, Newby LK, Hellkamp AS, et al: Initiation of hormone 
replacement therapy after acute myocardial infarction is associated 
with more cardiac events during follow up. J Am Coll Cardiol 38:1–7, 
2001.

296. Grodstein F, Manson JE, Stampfer MJ: Postmenopausal hormone use 
and secondary prevention of coronary events in the Nurses’ Health 
Study. Ann Intern Med 135:1–8, 2001.

297. Galis ZS, Sukhova GK, Lark MW, et al: Increased expression of matrix 
metalloproteinases and matrix degrading activity in vulnerable regions 
of human atherosclerotic plaques. J Clin Invest 94:2493–2503, 1994.

298. Writing Group for the Women’s Health Initiative Investigators: Risks 
and benefits of estrogen plus progestin in healthy postmenopausal 
women: principal results from the Women’s Health Initiative randomized 
controlled trial. JAMA 288:321–333, 2002.

299. Clarkson TB, Anthony MS, Jerome CP: Lack of effect of raloxifene 
on coronary artery atherosclerosis of postmenopausal monkeys. J Clin 
Endocrinol Metab 83:721–726, 1998.

300. Adams MR, Register TC, Golden DL, et al: Medroxyprogesterone 
acetate antagonizes inhibitory effects of conjugated equine estrogens 
on coronary artery atherosclerosis. Arterioscler Thromb Vasc Biol 
17:217–221, 1997.

301. Clarkson TB, Anthony MS, Morgan TM: Inhibition of postmenopausal 
atherosclerosis progression: a comparison of the effects of conjugated 
equine estrogens and soy phytoestrogens. J Clin Endocrinol Metab 
86:41–47, 2001.

302. Williams JK, Anthony MS, Honore EK, et al: Regression of atherosclerosis 
in female monkeys. Arterioscler Thromb Vasc Biol 15:827–836, 1995.

303. Clarkson TB: The new conundrum: do estrogens have any cardiovascular 
benefits? Int J Fertil 47:61–68, 2002.

304. Herrington DM, Vittinghoff E, Lin F: Statin therapy, cardiovascular 
events and total mortality in the heart and estrogen/progestin replace-
ment study (HERS). Circulation 105:2962–2967, 2002.

305. Shlipak M, Angeja BG, Go AS, et al: Hormone therapy and in-hospital 
survival after myocardial infarction in postmenopausal women. Circula-
tion 104:2300–2304, 2001.

306. Lobo RA: Evaluation of cardiovascular event rates with hormone therapy 
in healthy postmenopausal women: results from four large clinical 
trials. Arch Intern Med 164:48–84, 2004.

incidence among postmenopausal women on oestrogen with osteoporosis. 
Lancet 350:550–555, 1997.

257. Murad MH, Drake MT, Mullan Rj, et al: Clinical review. Compara-
tive effectiveness of drug treatments to prevent fragility fractures: a 
systematic review and network meta-analysis. J Clin Endocrinol Metab 
97(6):1871–1880, 2012.

258. Cosman F: Romosozumab treatment in postmenopausal women with 
osteoporosis. N Engl J Med 375:1532–1543, 2016.

259. Dawson-Hughes B, Looker AC, Tosteson AN, et al: The potential 
impact of new National Osteoporosis Foundation guidance on treatment 
patterns. Osteoporos Int 21(1):41–52, 2010.

260. Paganini-Hill A, Chao A, Ross RK, et al: Exercise and other factors in 
the prevention of hip fracture: the leisure world study. Epidemiology 
2:16–25, 1991.

261. Tinetti ME, Baker DI, McAvay G, et al: A multifactorial intervention to 
reduce the risk of falling among elderly people living in the community. 
N Engl J Med 331:821–827, 1994.

262. www.nof.org.
263. Tanko LB, Christansen C, Karsdal MA: Potentials of estrogens in the 

prevention of osteoarthritis: what do we know and what questions 
are still pending? In Lobo RA, editor: Treatment of the postmenopausal 
woman, ed 3, 2007, Elsevier, pp 393–401.

264. Karsdal MA, Bay-Jensen AC, Henriksen K, et al: The pathogenesis of 
osteoarthritis involves bone, cartilage and synovial inflammation: may 
estrogen be a magic bullet? Menopause Int 18(4):139–146, 2012.

265. Cirillo DJ, Wallace RB, Wu L, et al: Effect of hormone therapy on risk 
of hip and knee joint replacement in the Women’s Health Initiative. 
Arthritis Rheum 54(10):3194–3204, 2006.

266. Kannel WB, Hjortland MC, McNamara PM, et al: Menopause and 
the risk of cardiovascular disease. The Framingham study. Ann Intern 
Med 85:447–452, 1976.

267. Cummings SR, Black DM, Rubin SM: Lifetime risks of hip, colles’, or 
vertebral fracture and coronary heart disease among white postmeno-
pausal women. Arch Intern Med 14:2445–2448, 1989.

268. Rosenberg L, Hennekens CH, Rosner B: Early menopause and the risk 
of myocardial infarction. Am J Obstet Gynecol 139:47–51, 1981.

269. Lobo RA: Surgical menopause and cardiovascular risks. Menopause 
14(3):562–566, 2007.

270. Parker WH, Broder MS, Liu Z, et al: Ovarian conservation at the time 
of hysterectomy for benign disease. Obstet Gynecol 106(2):219–226, 
2005.

271. Matthews KA, Meilahn E, Kuller LH, et al: Menopause and risk factors 
for coronary heart disease. N Engl J Med 321:641–646, 1989.

272. Notelovitz M, Ware M: Coagulation risks with postmenopausal oestrogen 
therapy. In Studd J, editor: Progress in obstetrics and gynecology, 
Edinburgh, 1982, Churchill Livingston.

273. Gilligan DM, Quyyumi AA, Cannon RO, III: Effects of physiological 
levels of estrogen on coronary vasomotor function in postmenopausal 
women. Circulation 89:2545–2551, 1994.

274. Collins P, Rosano GMC, Sarrel PM, et al: Estradiol-17b attenuates 
acetylcholine-induced coronary arterial constriction in women but not 
men with coronary heart disease. Circulation 92:24–30, 1995.

275. McCrohon JA, Walters WA, Robinson JT, et al: Arterial reactivity is 
enhanced in genetic males taking high dose estrogens. J Am Coll Cardiol 
29:1437–1444, 1997.

276. Pines A, Fisman EZ, Drory Y, et al: Menopause-induced changes in 
Doppler-derived parameters of aortic flow in healthy women. Am J 
Cardiol 69:1104–1106, 1992.

277. Ganger KF, Vyas S, Whitehead M, et al: Pulsatility index in internal 
carotid artery in relation to transdermal oestradiol and time since 
menopause. Lancet 338:839–842, 1991.

278. Proudler AJ, Hasib Ahmed AJ, Crook D, et al: Hormone replace-
ment therapy and serum angiotensin-converting-enzyme activity in 
postmenopausal women. Lancet 346:89–90, 1995.

279. Rosano GMC, Caixeta AM, Chierchia SL, et al: Acute anti-ischemic 
effect of estradiol-17b in postmenopausal women with coronary artery 
disease. Circulation 96:2837–2841, 1997.

280. Mosca L, Collins P, Herrington DM, et al: Hormone replacemen therapy 
and cardiovascular disease: a statement for healthcare professionals 
from American Heart Association. Circulation 104:499–503, 2001.

281. Mendelsohn ME, Karas RH: The protective effects of estrogen on the 
cardiovascular system. N Engl J Med 340:1801–1811, 1999.

282. Mendelsohn ME: Nongenomic, estrogen receptor-mediated activation 
of endothelial nitric oxide synthase. How does it work? What does it 
mean? Circ Res 87:956–960, 2000.

Downloaded for kate bresnahan (k.bresnahan@elsevier.com) at Elsevier - Demonstration Account from ClinicalKey.com by Elsevier on 
January 19, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.

http://www.nof.org/


 CHAPTER 14 Menopause and Aging  356.e7

330. Wing LMH, Reid CM, Ryan P, et al: A comparison of outcomes with 
angiotensin-converting-enzyme inhibitors and diuretics for hypertension 
in the elderly. N Engl J Med 348:585–592, 2003.

331. Shekelle PG, Rich MW, Morton SC, et al: Efficacy of angiotensin-
converting enzyme inhibitors and beta-blockers in the management 
of left ventricular systolic dysfunction according to race, gender, and 
diabetic status: a meta-analysis of major clinical trials. J Am Coll Cardiol 
41:1529–1538, 2003.

332. Maruther NM, Wang NY, Appel LJ: Lifestyle interventions to reduce 
coronary artery disease risk. Results from the PREMIER trial. Circulation 
119:2026–2031, 2009.

333. Lobo RA: Menopause and stroke and the effects of hormonal therapy. 
Climacteric Suppl 2:27–31, 2007, review.

334. Sare GM, Gray LJ, Bath PM: Association between hormone replace-
ment therapy and subsequent arterial and venous vascular events: a 
meta-analysis. Eur Heart J 29(16):2031–2041, 2008.

335. Grodstein F, Manson JE, Stampfer MJ, et al: Postmenopausal hormone 
therapy and stroke: role of time since menopause and age at initiation 
of hormone therapy. Arch Intern Med 168(8):861–866, 2008.

336. Lobo RA, Clarkson T: Different mechanisms for benefit and risk of 
coronary heart disease (CHD) and stroke in early postmenopausal 
women: a hypothetical explanation. Menopause 18(2):237–240, 2011.

337. Lidegaard O, Lokkegaard E, Jensen A, et al: Thrombotic stroke and 
myocardial infarction with hormonal contraception. N Engl J Med 
366(24):2257–2266, 2012.

338. Rosendaal FR, Vessey M, Rumley A, et al: Hormonal replacement 
therapy, prothrombotic mutations and the risk of venous thrombosis. 
Br J Haematol 116(4):851–854, 2002.

339. Canonico M, Oger E, Plu-Bureau G, et al: Hormone therapy and 
venous thromboembolism among postmenopausal women: impact of 
the route of estrogen administration and progestogens: the ESTHER 
study. Circulation 115(7):840–845, 2007.

340. Scarabin PY, Oger E, Plu-Bureau G, et al: Differential association 
of oral and transdermal oestrogen-replacement therapy with venous 
thromboembolism risk. Lancet 362(9382):428–432, 2003.

341. Canonico M, Plu-Bureau G, Lowe GD, et al: Hormone replacement 
therapy and risk of venous thromboembolism in post-menopausal women: 
systematic review and meta-analysis. BMJ 336(7655):1227–1231,  
2008.

342. Laliberte F, Dea K, Duh MS, et al: Does the route of administration for 
estrogen hormone therapy impact the risk of venous thromboembolism? 
Estradiol transdermal system versus oral estrogen-only hormone therapy. 
Menopause 18(10):1052–1059, 2011.

343. Olie V, Plu-Bureau G, Conard J, et al: Hormone therapy and recurrence 
of venous thromboembolism among postmenopausal women. Menopause 
18(5):488–493, 2011.

344. Lobo RA: What is the effect of estrogen on blood pressure after 
menopause? Menopause 13(3):331–333, 2006.

345. Collins JA, Blake JM, Crosignani PG: breast cancer risk with post-
menopausal hormonal treatment. Hum Reprod Update 11(6):545–560, 
2005.

346. Anderson GL, Chlebowski RT, Rossouw JE: Prior hormone therapy 
and breast cancer risk in the women’s health initiative randomized 
trial of estrogen and progestin. Maturitas 55:107–115, 2006.

347. Stefanick ML, Anderson GL, Margolis KL, et al: Effects of conjugated 
equine estrogens on breast cancer and mammography screening in 
postmenopausal women with hysterectomy. JAMA 295(14):1647–1657, 
2006.

348. Chen WY, Manson JE, Hankinson SE, et al: Unopposed estrogen therapy 
and the risk of invasive breast cancer. Arch Intern Med 166:1027–1032, 
2006.

349. Beral VU, Million Women Study Collaborators: Breast cancer and 
hormone-replacement therapy in the Million Women Study. Lancet 
362(9382):419–427, 2003.

350. Santen RT, Yue W, Heitjan DF: Modeling of the growth kinetics of 
occult breast tumors: role in interpretation of studies of prevention 
and menopausal hormone therapy. Cancer Epidemiol Biomarkers Prev 
21(7):1038–1048, 2012.

351. Fournier A, Berrino F, Clavel-Chapelon F: Unequal risks for breast 
cancer associated with different hormone replacement therapies: results 
from the E3N cohort study. Breast Cancer Res Treat 107(1):103–111, 
2008.

352. Anderson GL, Chlebowski RT, Aragaki AK, et al: Conjugated equine 
oestrogen and breast cancer incidence and mortality in post-menopausal 
women with hysterectomy: extended follow-up of the Women’s 

307. Hsia J, Langer RD, Manson JE, et al: Conjugated equine estrogens and 
coronary heart disease: the Women’s Health Initiative. Arch Intern 
Med 166:357–365, 2006.

308. Manson JE, Allison MA, Rossouw JE, et al: Estrogen therapy 
and coronary-artery calcification. N Engl J Med 356:2591–2602,  
2007.

309. Salpeter SR, Walsh JM, Greyer E, et al: Brief report: coronary heart 
disease events associated with hormone therapy in younger and older 
women. A meta-analysis. J Gen Intern Med 21:363–366, 2006.

310. Salpeter SR, Walsh JM, Greyber E, et al: Mortality associated with 
hormone replacement therapy in younger and older women: a meta- 
analysis. J Gen Intern Med 19(7):791–804, 2004, (review).

311. LaCroix AZ, Chlebowski RT, Manson JE, et al: Health outcomes 
after stopping conjugated equine estrogens among postmenopausal 
women with prior hysterectomy: a randomized controlled trial. JAMA 
305(13):1305–1314, 2011.

312. Manson JE, Chlebowski RT, Stefanick ML, et al: Menopausal hormone 
therapy and health outcomes during the intervention and extended 
poststopping phases of the Women’s Health Initiative randomized trials. 
JAMA 310(13):1353–1368, 2013.

313. Schierbeck LL, Renmark L, Tofteng CL, et al: Effect of hormone 
replacement therapy on cardiovascular events in recently postmenopausal 
women: randomised trial. BMJ 345:e6409, 2012.

314. Tuomikoski P, Lyytinen HJ, Korhonen P: Coronary heart disease mortality 
and hormone therapy before and after the Women’s Health Initiative. 
Obstet Gynecol 124:947–953, 2014.

315. Mikkola TS, Tuomikoski P, Lyytinen H: Estradiol-based postmenopausal 
hormone therapy and risk of cardiovascular and all-cause mortality. 
Menopause 22:976–983, 2015.

316. Prentice RL, Langer R, Stefanick ML, et al: Combined postmenopausal 
hormone therapy and cardiovascular disease: toward resolving the 
discrepancy between observational studies and the Women’s Health 
Initiative clinical trial. Am J Epidemiol 162(5):404–414, 2005.

317. Prentice RL, Langer RD, Stefanick ML, et al: Combined analysis of 
Women’s Health Initiative observational and clinical trial data on 
post-menopausal hormone treatment and cardiovascular disease. Am 
J Epidemiol 163(7):589–599, 2006.

318. Rossouw JE, Prentice RL, Manson JE, et al: Postmenopausal hormone 
therapy and cardiovascular disease by age and years since menopause. 
JAMA 297(13):1465–1477, 2007.

319. Salpeter SR: Bayesian meta-analysis of hormone therapy and mortal-
ity in younger postmenopausal women. Am J Med 122:1016–1022,  
2009.

320. Boardman HM, Hartley L, Eisinga A, et al: Hormone therapy for 
preventing cardiovascular disease in postmenopausal women. Cochrane 
Database Syst Rev (3):CD002229, 2015, doi: 10.1002/14651858.
CD002229.pub4.

321. Harman SM, et al: Arterial imaging outcomes and cardiovascular risk 
factors in recently menopausal women: a randomized trial. Ann Intern 
Med 161:249–260, 2014.

322. Hodis HN, Mack WJ, Henderson VW: Effects of early versus late 
menopausal treatment with estradiol. N Engl J Med 374:1221–1231, 
2016.

323. Lobo RA, Pickar JH, Stevenson JC, et al: Back to the future: hormone 
replacement therapy as part of a prevention strategy for women at the 
onset of menopause. Atherosclerosis 254:282–290, 2016.

324. Walsh JM, Pignone M: Drug treatment of hyperlipidemia in women. 
JAMA 291:2243–2252, 2004.

325. Petretta M, Costanzo P, Perrone-Filardi P, et al: Impact of gender in 
primary prevention of coronary heart disease with stain therapy: a 
meta-analysis. Int J Cardiol 138:25–31, 2010.

326. Brugts JJ, Yetgin T, Hoeks SE, et al: The benefits of statins in people 
without established cardiovascular disease but with cardiovascular risk 
factors: meta-analysis of randomized controlled trials. BMJ 338:b2376, 
2009.

327. Berger JS, Roncaglioni MC, Avanzini F, et al: Aspirin for the primary 
prevention of cardiovascular events in women and men: a sex-specific 
meta-analysis of randomized controlled trials. JAMA 295:306–313, 
2006.

328. Ridker PM, Cook NR, Lee IM, et al: A randomized trial of low-dose 
aspirin in the primary prevention of cardiovascular disease in women. 
N Engl J Med 352:1293–1304, 2005.

329. Ogawa H, Nakayama M, Morimoto T, et al: Low-dose aspirin for primary 
prevention of atherosclerotic events in patients with type 2 diabetes: 
a randomized controlled trial. JAMA 300:2134–2141, 2008.

Downloaded for kate bresnahan (k.bresnahan@elsevier.com) at Elsevier - Demonstration Account from ClinicalKey.com by Elsevier on 
January 19, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.



356.e8 PART 1 Endocrinology of Reproduction

379. Grodstein G, Newcomb PA, Stampfer MJ: Postmenopausal hormone 
therapy and the risk of colorectal cancer; a review and meta-analysis. 
Am J Med 106:574–582, 1999.

380. Prentice RL, et al: Colorectal cancer in relation to postmenopausal 
estrogen and estrogen plus progestin in the Women’s Health Initiative 
clinical trial and observational study. Cancer Epidemiol Biomarkers 
Prev 18:1531–1537, 2009.

381. Williams C, DiLeo A, Niv Y, et al: Estrogen receptor β as target for 
colorectal cancer prevention. Cancer Lett 372:48–56, 2016.

382. Chlebowski RT, et al: Estrogen plus progestin and lung cancer: follow-up 
of the Women’s Health Initiative randomized trial. Clin Lung Cancer 
17(1):10–7.e1, 2016.

383. The Eye-Disease Case-Control Study Group: Risk factors for neovascular 
age-related macular degeneration. Arch Ophthalmol 110:1701–1708, 
1992.

384. Zetterberg M: Age-related eye disease and gender. Maturitas 83:19–26, 
2016.

385. Krall EA, Dawson-Hughes B, Hannan MT, et al: Postmenopausal estrogen 
replacement and tooth retention. Am J Med 102:536–542, 1997.

386. Civitelli R, Pilgram TK, Dotson M: Alveolar and postcranial bone density 
in postmenopausal women receiving hormone/estrogen replacement 
therapy. Arch Intern Med 162:1409–1415, 2002.

387. Naessen T: Serum lipid profile improved by ultra-low doses of 17 beta-
estradiol in elderly women. J Clin Endocrinol Metab 86(6):2757–2762, 
2001.

388. Cassidenti DL, Vijod AG, Vijod MA, et al: Short-term effects of 
smoking on the pharmacokinetic profiles of micronized estradiol in 
postmenopausal women. Am J Obstet Gynecol 163:1953, 1990.

389. Lobo RA, Brenner P, Mishell DR, Jr: Metabolic parameters and steroid 
levels in postmenopausal women receiving lower doses of natural estrogen 
replacement. Obstet Gynecol 62:94, 1983.

390. Lobo RA: Clinical aspects of hormonal replacement—routes of admin-
istration. In Lobo RA, editor: Treatment of postmenopausal women: basic 
and clinical aspects, ed 2, Philadelphia, 1999, Lippincott Williams & 
Wilkins, pp 125–139.

391. Mashchak CA, Lobo RA, Dozono-Takano R, et al: Comparison of 
pharmacodynamic properties of various estrogen formulations. Am J 
Obstet Gynecol 144:511, 1982.

392. Stanczyk FZ, Shoupe D, Nunez V, et al: A randomized comparison 
of nonoral estradiol delivery in postmenopausal women. Am J Obstet 
Gynecol 159:1540, 1988.

393. Mandel FP, Geola FL, Meldrum DR, et al: Biological effects of various 
doses of vaginally administered conjugated equine estrogens in post- 
menopausal women. J Clin Endocrinol Metab 57:133, 1983.

394. Deutsch S, Ossowski R, Benjamin I: Comparison between degree of 
systemic absorption of vaginally and orally administered estrogens at 
different dose levels in postmenopausal women. Am J Obstet Gynecol 
139:967, 1981.

395. Schmidt G, Anderson SB, Nordle O, et al: Release of 17-beta-oestradiol 
from a vaginal ring in postmenopausal women: pharmacokinetic evalu-
ation. Gynecol Obstet Invest 38:253, 1994.

396. Lobo RA: Progestogens. In Lobo RA, Kelsey J, Marcus R, editors: 
Menopause: biology and pathobiology, New York, 2000, Academic Press, 
pp 429–458.

397. Wollter-Sevensson LO, Stadberg E, Anderson K, et al: Intrauterine 
administration of levonorgestrel 5 and 10 mg/24 h in perimenopausal 
hormone replacement therapy: a randomized clinical trial during one 
year. Acta Obstet Gynecol Scand 76:449, 1997.

398. Lobo RA: Androgens in postmenopausal women: production, possible 
role and replacement options (CME Review Article). Obstet Gynecol 
Surv 56:361–376, 2001.

399. Bachmann G, Bancroft J, Braunstein G, et al: Female androgen insuf-
ficiency: the Princeton consensus statement on definition, classification, 
and assessment. Fertil Steril 77:660–665, 2002.

400. Burger HG, Hailes J, Menelaus M: the management of persistent 
menopausal symptoms with oestradiol-testosterone implants: clinical, 
lipid and hormonal results. Maturitas 6:351–358, 1984.

401. Shifren JL, Braunstein GD, Simon JA: Transdermal testosterone treat-
ment in women with impaired sexual function after oophorectomy. N 
Engl J Med 343:682–688, 2000.

402. Simon J, Braunstein G, Nachtigall L, et al: Testosterone patch increases 
sexual activity and desire in surgically menopausal women with hypoac-
tive sexual desire disorder. J Clin Endocrinol Metab 90(9):5226–5233, 
2005.

403. Braunstein GD, Sundwall DA, Katz M, et al: Safety and efficacy of a 
testosterone patch for the treatment of hypoactive sexual desire disorder 

Health Initiative randomised placebo-controlled trial. Lancet Oncol 
13(5):476–486, 2012.

353. Mikkola TS, et al: Reduced risk of breast cancer mortality in women using 
postmenopausal hormone therapy: a Finnish nationwide comparative 
study. Menopause 23:1199–1203, 2016.

354. Bluming AZ, Tavri C: What are the real risks for breast cancer? 
Climacteric 15:133–138, 2012.

355. Gompel A, Santen RJ: Hormone therapy and breast cancer risk 10 
years after the WHI. Climacteric 15(3):241–249, 2012.

356. Ravdin PM, Cronin KA, Howlader N, et al: The decrease in breast- 
cancer incidence in 2003 in the United States. N Engl J Med 
356(16):1670–1674, 2007.

357. Heiss G, Wallace R, Anderson GL, et al: Health risks and benefits 3 
years after stopping randomized treatment with estrogen and progestin. 
JAMA 299(9):1036–1045, 2008.

358. Lobo RA, Davis SR, DeVilliers TJ: Prevention of diseases after 
menopause. Climacteric 17:540–556, 2014.

359. Stuenkel CA, Gass ML, Manson J, et al: A decade after the Women’s 
Health Initiative—the experts do agree. Fertil Steril 98(2):313–314, 
2012.

360. Baber RJ, Panay N, Fenton A, et al: IMS recommendations on 
women’s midlife health and menopause hormone therapy. Climacteric 
19:109–150, 2016.

361. Stuenkel CA, Davis SR, Gompel A, et al: Treatment of symptoms of 
the menopause: an Endocrine Society Clinical Practice Guideline. J 
Clin Endocrinol Metab 100:3975–4011, 2015.

362. Menopause: diagnosis and management, NICE guidelines (NG23). 
National Institute for Care and Health Excellence. https://www.nice.
org.uk/guidance/NG23, 2015.

363. Position Statement on the use of hormonal therapy from the North 
American Menopause Society. Menopause 19:257–271, 2012.

364. Manson JE, Ames JM, Shapiro M, et al: Algorithm and mobile app 
for menopausal symptom management and hormonal/non-hormonal 
therapy decision making: a clinical decision-support tool from The 
North American Menopause Society. Menopause 22:247–253, 2015.

365. Bolland MJ, Barber PA, Doughty RN, et al: Vascular events in healthy 
older women receiving calcium supplementation: randomized controlled 
trial. BMJ 336:262–266, 2008.

366. Li CI, Daling JR, Tang MT, et al: Use of antihypertensive medications 
and breast cancer risk among women aged 55 to 74 years. JAMA Intern 
Med 173:1629–1637, 2013.

367. Gerstein HC, Miller ME, Byington RP, et al: Effects of intensive glucose 
lowering in type 2 diabetes. N Engl J Med 358:2545–2549, 2008.

368. Le Kander I, Borgstrom F, Strom O, et al: Cost effectiveness of hormone 
therapy in the United States. J Womens Health 18(10):1669–1677, 
2009.

369. Salpeter SR, Buckley NS, Liu H, et al: The cost-effectiveness of 
hormone therapy in younger and older postmenopausal women. Am 
J Med 122:42–52.e2, 2009.

370. Woodruff JD, Pickar JH: Incidence of endometrial hyperplasia in 
postmenopausal women taking conjugated estrogens (Premarin) with 
medroxyprogesterone acetate or conjugated estrogens alone. Am J 
Obstet Gynecol 170:1213–1223, 1994.

371. PEPI Trial Writing Group: Effects of hormone replacement therapy on 
endometrial histology in postmenopausal women. JAMA 275:370–375, 
1996.

372. Collins JA, Allen I, Donner A, et al: Oestrogen use and survival in 
endometrial cancer. Lancet 2:961–963, 1980.

373. Schwartzbaum JA, Hulka BS, Fowler WC, et al: The influence of 
exogenous estrogen use on survival after diagnosis of endometrial cancer. 
Am J Epidemiol 126:851–860, 1987.

374. Lacey JV, Mink PJ, Lubin JH, et al: Menopausal hormone replacement 
therapy and risk of ovarian cancer. JAMA 288:368–369, 2002.

375. Riman T, Dickman RT, Nilsson S, et al: Hormone replacement therapy 
and the risk of invasive epithelial ovarian cancer in Swedish women. 
J Natl Cancer Inst 94:497–504, 2002.

376. Sit AS, Modugno F, Weissfeld JL, et al: Hormone replacement therapy 
formulations and risk of epithelial ovarian carcinoma. Gynecol Oncol 
86:118–123, 2002.

377. Beral V, et al: Collaborative Group on Epidemiological Studies of 
Ovarian Cancer. Menopausal hormone use and ovarian cancer: indi-
vidual participant meta-analysis of 52 epidemiological studies. Lancet 
385:1835–1842, 2015.

378. Davis SR, Baber R: Reproductive endocrinology: menopausal hormone 
therapy-ovarian cancer risk revisited. Nat Rev Endocrinol 11:322–323, 
2015.

Downloaded for kate bresnahan (k.bresnahan@elsevier.com) at Elsevier - Demonstration Account from ClinicalKey.com by Elsevier on 
January 19, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.

https://www.nice.org.uk/guidance/NG23
https://www.nice.org.uk/guidance/NG23


 CHAPTER 14 Menopause and Aging  356.e9

423. Weissberger AJ, Ho KKY, Lazarus L: Contrasting effects of oral and 
transdermal routes of estrogen replacement therapy on 24-hour growth 
hormone (GH) secretion, insulin-like growth factor I, and GH-binding 
protein. J Clin Endocrinol Metab 72:374, 1991.

424. de Boer H, Blok G-J, Vand der Veen EA: Clinical aspects of growth 
hormone deficiency in adults. Endocr Rev 16:63, 1995.

425. Ghigo E, Arvat E, Giamotti L: Growth hormone-releasing activity of 
hexarelin, a new synthetic hexapeptide, after intravenous, subcutaneous, 
intranasal, and oral administration in man. J Clin Endocrinol Metab 
78:693, 1994.

426. Chapman IM, Bach MA, Van Cauter E: Stimulation of the growth 
hormone (GH)/insulin-like growth factor-1 axis by daily oral administra-
tion of a GH secretagogue (MK-677) in healthy elderly subjects. J 
Clin Endocrinol Metab 81:4249, 1996.

427. Sowers MF, Zheng H, Tomey K, et al: Changes in body composition 
in women over six years at midlife: ovarian and chronological aging. J 
Clin Endocrinol Metab 92(3):895–901, 2007.

428. Tseng LA, El Khoudary SR, Young EA, et al: The association of meno-
pause status with physical function: the Study of Women’s Health 
Across the Nation. Menopause 19(11):1186–1192, 2012.

429. Jurimae J, Jurimae T: Plasma adiponectin concentration in healthy 
pre- and postmenopausal women: relationship with body composition, 
bone mineral, and metabolic variables. Am J Physiol Endocrinol Metab 
293(1):E42–E47, 2007.

430. Chu MC, Cosper P, Orio F, et al: Insulin resistance in postmenopausal 
women with metabolic syndrome and the measurements of adiponectin, 
leptin, resistin, and ghrelin. Am J Obstet Gynecol 194(1):100–104, 
2006.

431. Vincent HK, Raiser SN, Vincent KR: The aging musculoskeletal 
system and obesity-related considerations with exercise. Ageing Res 
Rev 11(3):361–373, 2012.

432. Norman RJ, Flight IH, Rees MC: Oestrogen and progesterone hormone 
replacement therapy for peri-menopausal and post-menopausal 
women: weight and body fat distribution. Cochrane Database Syst 
Rev (2):CD001018, 2000.

433. Chen Z, Bassford T, Green SB, et al: Postmenopausal hormone therapy 
and body composition—a substudy of the estrogen plus progestin 
trial of the Women’s Health Initiative. Am J Clin Nutr 82:651–656,  
2005.

434. dos Reis CM, de Melo NR, Meirelles ES, et al: Body composition, 
visceral fat distribution and fat oxidation in postmenopausal women 
using oral or transdermal oestrogen. Maturitas 46:59–68, 2003.

435. Deleted in review.
436. Casson PR, Faquin LC, Stentz FB: Replacement of dehydroepi-

androsterone (DHEA) enhances T-lymphocyte insulin binding in 
postmenopausal women. Fertil Steril 563:1027–1031, 1995.

437. Mellon SH: Neurosteroids: biochemistry, modes of action, and clinical 
relevance. J Clin Endocrinol Metab 78:1003, 1994.

438. Compagne NA, Bulfone A, Rubenstein JLR, et al: Steroidogenic 
enzyme p450c17 is expressed in the embryonic central nervous system. 
Endocrinology 136:5212, 1995.

439. Robel P, Baulieu E: Neurosteroids: biosynthesis and function. Trends 
Endocrinol Metab 5:1, 1994.

440. Reus VI, Wolkowitz OW, Roberts E: Dehydroepiandrosterone (DHEA) 
and memory in depressed patients. Neuropsychopharmacology 9:665, 
1993.

441. Wolkowitz OM, Reus VI, Roberts E: Antidepressant and cognition- 
enhancing effects of DHEA in major depression. Ann N Y Acad Sci 
774:337, 1995.

442. Van Cauter E, Leprooult R, Kupfer DJ: Effects of gender and age on 
the levels and circadian rhythmicity of plasma cortisol. J Clin Endocrinol 
Metab 81:2468, 1996.

in surgically menopausal women: a randomized, placebo-controlled 
trial. Arch Intern Med 165(14):1582–1589, 2005.

404. Kingsberg S, Shifren J, Wekselman E: Evaluation of the clinical relevance 
of benefits associated with transdermal testosterone treatment in 
postmenopausal women with hypoactive sexual desire disorder. J Sex 
Med 4(4 Pt 1):1001–1008, 2007.

405. Lobo RA, Rosen RC, Yang H-M, et al: Comparative effects of oral 
esterified estrogens with and without methyltestosterone on endocrine 
profiles and dimensions of sexual function in postmenopausal women 
with hypoactive sexual desire. Fertil Steril 79:1341–1352, 2002.

406. Morales AJ, Nolan JJ, Nelson JC: Effects of replacement dose of 
dehydroepiandrosterone in men and women of advancing age. J Clin 
Endocrinol Metab 78:1360–1367, 1994.

407. Ross LA, Alder EM: Tibolone and climacteric symptoms. Maturitas 
21:127–136, 1995.

408. Clarkson TB, Anthony MS, Wagner JD: A comparison of tibolone and 
conjugated equine estrogens effects on coronary artery atherosclerosis 
and bone density of postmenopausal monkeys. J Clin Endocrinol Metab 
86:5396–5404, 2001.

409. Lu LJ, Tice JA, Bellino FL: Phytoestrogens and healthy aging: gaps in 
knowledge (a workshop report). Menopause 8:157–170, 2001.

410. Erdman JW, Jr: Soy protein and cardiovascular disease: a statement for 
healthcare professionals from the Nutrition Committee of the AHA. 
Circulation 102:2555–2559, 2000.

411. Geller SE, Shulman LP, van Breemen RB, et al: Safety and efficacy 
of black cohosh and red clover for the management of vasomotor 
symptoms: a randomized controlled trial. Menopause 16(6):1156–1166, 
2009.

412. Practice Committee ASRM: Compounded bioidentical menopausal 
hormone therapy. Fertil Steril 98:308–312, 2012.

413. King RJ, Whitehead JH: Assessment of the potency of orally administered 
progestins in women. Fertil Steril 46:1062–1066, 2012.

414. Pickar JH, Mirkin S: Tissue-selective agents: selective estrogen receptor 
modulators and the tissue-selective estrogen complex. Menopause Int 
16(3):121–128, 2010.

415. Komm BS, Mirkin S, Jenkins SN: Development of conjugated estrogens/
bazedoxifene, the first tissue selective estrogen complex (TSEC) for 
management of menopausal hot flashes and postmenopausal bone loss. 
Steroids 90:71–81, 2014.

416. Bradsher JE, McKinlay SM: Distinguishing the effects of age from those 
of menopause. In Lobo RA, Kelsey J, Marcus R, editors: Menopause: 
biology and pathobiology, New York, 2000, Academic Press, pp 203–211.

417. Bernandes de Jesus B, Blasco MA: Telomerase at the intersection of 
cancer and aging. Trends Genet 29(9):513–520, 2013.

418. Iranmanesh A, Lizzaralde G, Veldhuis JD: Age and relative adiposity 
are specific negative determinants of the frequency and amplitude of 
growth hormone (GH) secretory bursts and the half-life of endogenous 
GH in healthy men. J Clin Endocrinol Metab 73:1081, 1991.

419. Corpas E, Harman SM, Pineyro MA: Growth hormone (GH)- releasing 
hormone (I–29) twice daily reverses the decreased GH and insulin-like 
growth factor-I levels in old men. J C 29(9): 513-520, 2013lin J Clin 
Endocrinol Metab 75:530, 1992.

420. Khorram O, Laughlin GA, Yen SSC: Endocrine and metabolic effects 
of long term administration of [Nle 27] growth hormone releasing 
hormone-(I-29)-NH2 in Age-advanced men and women. J Clin 
Endocrinol Metab 82(5):1472–1479, 1997.

421. Ho KY, Evans WS, Blizzard RM: Effects of sex and age on the 24-hour 
profile of growth hormone in man: importance of endogenous estradiol 
concentrations. J Clin Endocrinol Metab 64:51, 1987.

422. Dawson-Hughes B, Stern D, Goldman J, et al: Regulation of growth 
hormone and somatomedin-C secretion in postmenopausal women: 
effect of physiologic estrogen replacement. J Clin Endocrinol Metab 
63:424, 1986.

Downloaded for kate bresnahan (k.bresnahan@elsevier.com) at Elsevier - Demonstration Account from ClinicalKey.com by Elsevier on 
January 19, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.


	14 Menopause and Aging
	Abstract
	Key words
	Epidemiology
	Premature Ovarian Failure
	Management of Primary Ovarian Failure/Insufficiency

	Menopausal Transition (Perimenopause)
	Types of Ovarian Changes
	Hormonal Changes with Established Menopause

	Effects on Various Organ Systems
	Central Nervous System
	Collagen
	Genital Atrophy
	Bone Loss
	Degenerative Arthritis
	Cardiovascular Effects
	Stroke

	Breast Cancer
	Decision to Use Estrogen
	Risk-Benefit Assessment
	What Are the Real Risks of Hormonal Treatment in Young Healthy Women?

	Endometrial Disease Risk and Other Cancers
	Hormone Regimens
	Androgen Therapy
	Phytoestrogens
	Use of a Progestogen
	Tissue Selective Estrogen Complex

	Aging
	Somatotrophic Axis
	Metabolic Changes
	Adrenal Steroids

	Top References
	References
	References




