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The number of women living to retirement and beyond is

likely to continue to grow in future years. An increasingly

well-informed postmenopausal population is likely to seek

the advice of their physician or specialist nurse about the

risks and benefits of HRT and other therapies for the

prevention of conditions related to oestrogen deficiency, such

as osteoporosis, cardiovascular disease and Alzheimer's

disease. Hormone Replacement Therapy and the Menopause

aims to provide the clinician with information that can be

passed on to women so that they may make informed choices

about their care. Information is also included that will help

the practising clinician manage women taking HRT, both

those who are having difficulties with treatment, and those

who are not.

Many of the principles of managing and counselling

women taking HRT have changed considerably over the last

five years in the light of fresh research, and these shifts are

especially reflected in the chapters dealing with cardiovascular

disease, lipids and lipoproteins, vascular flow, osteoporosis,

the breast and Alzheimer’s disease.

‘Designer’ oestrogens in the form of selective oestrogen

receptor modulators (SERMs) are given their own chapter.

Preface



More SERMs are likely to be developed and

may in the long term provide a method of

treatment that incorporates all of the

advantages and none of the disadvantages of

conventional HRT.

Although appropriate counselling of

women seeking HRT becomes more difficult

as old ‘certainties’ become uncertainties, we

hope that this book will aid the clinician and

nurse in giving evidence-based advice to their

patients.

Michael S Marsh

Juliet E Compston

x Preface



Monitoring and management

Alison Cooper, Michael S Marsh

1
Introduction

Demographic changes over the next 20 years will mean that

the number of people living to retirement and beyond will

increase substantially. If we are to help protect women from

the problems of oestrogen deficiency, such as osteoporosis,

cardiovascular disease and possibly Alzheimer’s disease, we

must provide easy access to health care advice, together with

unbiased information upon which the patient can make an

informed decision about whether or not to take hormone

replacement therapy (HRT). We must also make adequate

provision for managing and monitoring these patients once

HRT is started.

Assessment and monitoring

Many women seeking medical advice about problems arising

from oestrogen deficiency may not have had contact with a

doctor for many years. It would therefore seem wise to use

this contact not only to discuss menopausal issues, but to

screen for problems relating to personal and family factors.

The initial consultation should include a medical and



gynaecological history, as well as a personal or

family history of arterial and thromboembolic

disease, breast, ovarian and colon cancer,

diabetes, osteoporosis or liver disease.

A general physical examination, including

height, weight and blood pressure, should be

performed. The breasts should be examined

and a pelvic examination undertaken.

If risk factors have been identified, it may

then be necessary to perform other

investigations.

• A patient with a personal, first- or

second-degree family history of venous

thromboembolic disease should have a

thrombophilia and coagulation screen

performed, e.g. kaolin cephalin clotting

time (KCCT), antithrombin III, protein

C and S and activated protein C

resistance (factor V Leiden mutation).

• A fasting lipid profile should be

performed in women with a relevant

family history of early-onset arterial

disease.

• A patient with a relevant family history

of breast cancer should be considered for

screening mammography, whether or not

HRT is taken.

• Occasionally, serum follicle-stimulating

hormone (FSH) and luteinizing

hormone (LH) may be useful, for

example in confirming premature

menopause. However, in the

perimenopausal woman FSH and LH

values may change every 2 hours and are

of little predictive value.

• Bone density measurements may be

appropriate in women with risk factors

who do not wish to take HRT unless low

bone density is proven to be low.

Presenting accurate information about the

benefits and risks of HRT in an impartial

manner will enable most women to make an

informed decision regarding treatment.

Before a patient starts HRT it is important

that potential side-effects are discussed. These

include leg cramps, nausea and breast

tenderness, which usually resolve

spontaneously within the first few weeks.1

Patients should be asked to monitor the

pattern of withdrawal bleeding. The need for

regular surveillance should be explained. The

first follow-up visit is usually after 3 months.

Patients should also be given details of whom

to contact should they need advice.

Compliance is likely to be better if women

feel confident with their therapy and know

who to contact if they experience problems.

Monitoring

At the first visit after starting HRT, the

patient should be asked whether symptoms

are controlled and whether side-effects have

occurred. The maximum benefits in relieving

flushes and sweats are not achieved until the

third month of therapy. Continued nipple

2 Monitoring and management



sensitivity and leg cramps suggest that

consideration should be given to reducing the

dose of oestrogen.

It is important in women taking sequential

combined therapy to find out whether

withdrawal bleeding has occurred and, if so,

its timing, amount and duration. Women on

continuous combined therapy may still be

experiencing some light bleeding, but this

should be resolving by three months.

The patient’s weight and blood pressure

are traditionally measured at each visit.

Weight gain is a common complaint at the

menopause and body weight increases on

average 1 kg a year around this time,2 but

many placebo-controlled studies have

demonstrated that HRT does not increase

weight. Some women on HRT may

experience symptoms such as bloating and

fluid retention, which can often be helped by

altering either the dose, the route or the type

of administration of HRT. Women should be

encouraged to adopt a healthy lifestyle, paying

regard to diet and exercise.

There is no evidence that HRT increases

blood pressure. However, there are occasional

reports of idiosyncratic rises in blood

pressure. These are difficult to explain and

may not be related to HRT, because for the

most part the oestrogens in HRT

preparations are structurally identical to those

produced by the ovary, and most preparations

deliver much less than did the ovary during

the reproductive years.

Further visits usually occur at 12–18-

month intervals, or earlier if a problem arises.

Management
Side-effects of HRT

Vaginal bleeding

In women who have an intact uterus it is

important to administer a progesterone in

order to protect the endometrium against

hyperplasia and neoplasia.3 Progestogens

should be administered for at least 12 days in

each 28-day treatment cycle. The types and

dosages of oral progestogens in current use are

listed in Table 1.1.

Roughly 85% of women receiving

sequential HRT will have a withdrawal bleed,

which occurs either at the end of or

immediately after the progesterone phase of

treatment. Occasionally women do not bleed.

This is more common in those who are many

years beyond the menopause.

Once a woman has been amenorrhoeic for

at least 12 months, she can convert to a ‘no-

bleed’ continuous combined HRT in which

progestogens are given daily in combination

with an oestrogen, rendering the

endometrium atrophic.

Abnormal bleeding is defined as heavy

and/or prolonged bleeding at the appropriate

time in the cycle, or breakthrough bleeding

which occurs at any other time. In women

taking continuous combined HRT there

Management 3



should be no bleeding. However,

approximately 40% of postmenopausal

women commencing continuous combined

HRT will experience bleeding during the first

3–6 months. One study suggested that only

40–50% of women still bleeding after 6–8

months of treatment eventually achieved

amenorrhoea after a further 12 months.4

There are no accepted criteria for the

management of abnormal bleeding with

continuous combined therapy, but it would

seem prudent to investigate women who

continue to or start to bleed after the first 6

months.

Causes of abnormal bleeding

Constitutional

Women who experience prolonged heavy

bleeding during their reproductive years are

more likely to experience this pattern with

HRT use. Reducing the oestrogen dose may

help, but this may compromise symptom

control and may reduce the beneficial effects

on the cardiovascular and skeletal systems.

Failure of compliance

This is probably the most common cause of

breakthrough bleeding. Missing one or two

tablets, or forgetting to change a patch at the

correct time, can lead to breakthrough

bleeding. Women who find the progestogenic

side-effects of HRT intolerable often omit the

progestogen. If progesterone is often omitted,

bleeding often becomes chaotic and

endometrial hyperplasia and carcinoma may

develop.

Previous oestrogen implant therapy

Oestradiol implants can continue to release

oestradiol for up to 3 years following

4 Monitoring and management

C19 androgenic progesterones
Levonorgestrel 150 mg
Norethisterone acetate 0.7–1.0 mg

C21 less androgenic progesterones
Medroxyprogesterone acetate 10 mg
Dydrogesterone 10–20 mg
Progesterone 200–400 mg

Table 1.1
Recommended daily dose of progesterone needed for endometrial protection when prescribed as part of sequential HRT
for 12 days in each 28-day cycle.



insertion.5 Patients should therefore be

advised to continue using progestogens for 12

days each calendar month until there has been

no withdrawal bleeding for 3 consecutive

months.

Drug interactions

Enzyme inducers such as phenytoin,

carbamazepine, rifampicin and barbiturates

increase the activity of liver enzymes

responsible for liver metabolism and

coaccelerate oestrogen clearance. Antibiotics

can cause intestinal ‘hurry’ and alter bowel

flora, thereby increasing the chances of

breakthrough bleeding. St John’s wort also

interacts with oestrogens.

Stress, especially if it includes
long-distance travel

The mechanism of action is unknown, but

may involve poor compliance.

Poor gastrointestinal absorption

Bowel disorders such as Crohn’s disease,

ulcerative colitis and Whipple’s disease may all

affect the absorption of oestrogens and

progestogens from the gut. In practice it is

probably advisable for these women to have

transdermal or subcutaneous therapy.

Failure to synchronize endogenous
ovarian activity with exogenous
hormone treatment

In pre- or perimenopausal women who still

have a regular 28-day cycle it is important to

administer the progestogen starting on the

17th day of the cycle, so as to coincide with

endogenous production of progesterone.

Failure to do so will result in patients bleeding

twice during the cycle, once because of their

own ovarian function and once because of

HRT.

HRT and tamoxifen use

Tamoxifen is associated with an increased risk

of developing endometrial polyps and

endometrial carcinoma.6 In women who

combine HRT and tamoxifen and experience

abnormal vaginal bleeding, hysteroscopy and

endometrial biopsy is advised. Ultrasound

assessment of the endometrium in women on

tamoxifen shows thickening of the

endometrium with cystic spaces. There is

currently no established correlation between

endometrial histology and ultrasound

findings.

Gynaecological disorders
Fibroids

Fibroids are oestrogen dependent and can

enlarge significantly with HRT. If this occurs

Gynecological disorders 5



in a woman who wishes to remain on HRT

then surgical intervention is usually required;

this involves either hysterectomy, or

myomectomy, either via laparatomy or

minimally invasive procedures.

Endometrial polyps

These can cause heavy withdrawal bleeding,

breakthrough bleeding or bloody vaginal

discharge. They can often be detected by

transvaginal ultrasound and can be removed

by hysteroscopic resection.

Endometrial hyperplasia and
carcinoma

These are best diagnosed by endometrial

sampling. Women who develop endometrial

cancer while on HRT appear to have a better

prognosis than those who have not taken

HRT.7

Adenomyosis

This is more common in women in their

fourth and fifth decades, often presenting

with menorrhagia, dyspareunia and

dysmenorrhoea. It is most commonly

diagnosed after endometrial resection or

hysterectomy, but can sometimes be

diagnosed preoperatively by transvaginal

ultrasound or nuclear magnetic resonance

imaging.

Ovarian tumours, cervical carcinoma, and

vaginal or vulval lesions are all causes of

abnormal bleeding. The investigation and

management of these are not within the scope

of this book.

Management and
investigation of abnormal
bleeding

It is important to take a careful history to

exclude obvious reasons for abnormal

bleeding. Women taking sequential therapy, or

those who experience bleeding too early in the

progesterone phase of treatment, may benefit

from increasing the dose of progestogen. The

persistence of heavy, prolonged or erratic

bleeding demands investigation.

Transvaginal ultrasound

This can be used to assess endometrial

thickness in postmenopausal women on

continuous combined therapy. Where the

endometrium is more than 4 mm thick an

endometrial biopsy and/or hysteroscopy

should be undertaken. Ultrasound may also

detect the presence of polyps, fibroids,

endometriosis and adenomyosis.

Outpatient endometrial biopsy

The most commonly used devices for

outpatient endometrial sampling are the

6 Monitoring and management



Pipelle and the Vabra curettes. Pipelle

curettage samples less of the endometrial

surface than does the Vabra – 4% and 42%,

respectively8 – but the Vabra causes greater

discomfort. It is best to sample the

endometrium in the oestrogenic/

progestogenic phase of the cycle as sampling

at this phase allows the degree of secretory

change to be assessed and it is easier to

differentiate between secretory and

hyperplastic endometrium than between

proliferative and hyperplastic endometrium.

The disadvantage of these methods is that

they are a ‘blind’ procedure and endometrial

polyps may be missed. If abnormal bleeding

persists then hysteroscopic assessment should

be undertaken.

Hysteroscopy

This can be performed under local or general

anaesthesia. The whole of the endometrium

can be visualized, and polyps, submucous

fibroids and abnormal endometrium can be

biopsied.

Progestogenic and
oestrogenic intolerance

Most problems with HRT arise from the

progestogen, which can cause any or all of the

symptoms outlined in Table 1.2. If symptoms

arise, the dose and duration of progestogen

can be reduced. However, the patient must be

made aware that doing so may increase the

risk of endometrial carcinoma.

If progestogenic side-effects occur, it is

often worth substituting an androgenic

progestogen for a less androgenic one, as the

latter probably cause fewer side-effects. An

approved natural progesterone (e.g. Cyclogest

(Shire Pharmaceuticals Ltd, Basingstoke, UK)

or Crinone (Serono Pharmaceuticals Ltd,

Feltham, UK), may also be tried.

Long-cycle therapy can be considered. In

this regimen progestogen is added only every

third month. However, the safety of this type

of therapy concerning endometrial

carcinoma is unclear and this should be made

clear to patients considering this form of

treatment.

The Mirena intrauterine system (Schering

Health Care, Burgess Hill, UK) may be used.

This treatment reduces menstrual blood flow

and also acts as a contraceptive.

In a small proportion of women

hysterectomy may be the only alternative if

women with severe progestogenic side-effects

wish to continue with HRT.

Progestogenic and oestrogenic intolerance 7

Breast tenderness
Acne
Mood change/depression
Lower abdominal pain
Backache
Fluid retention

Table 1.2
Progestogenic side-effects.



As with progestogens, where there are

oestrogenic side-effects (Table 1.3) reducing

the dose of therapy or changing to an

alternative route of delivery may be

appropriate. Again, care must be taken when

reducing the dose of oestrogen that symptoms

are controlled and that adequate bone and

cardiovascular protection is achieved.

There may be side-effects relating to the

route of administration of therapy. Dyspepsia

appears to occur in 3–4 % of women taking

oral oestrogens. This can sometimes be

abolished by taking the tablet at night, or with

food. If this is unsuccessful a non-oral route

can be considered. Skin irritation and poor

adhesion can occur with patch therapy. If so,

alternative patches may be tried or another

route of administration used.

8 Monitoring and management

General
Breast tenderness, nipple sensitivity
Nausea
Leg cramps
Headaches
Dyspepsia
Fluid retenion/bloating

Device-specific
Skin irritation
Poor adhesion
Local sepsis/scars from implants
Tachyphalaxis

Table 1.3
Oestrogenic side-effects.

Where implants are used, occasionally the

site of administration may become infected.

An important potential problem with the use

of implant therapy is tachyphylaxis. This is a

phenomenon whereby insertion of the first

implant is followed by a rapid rise in

oestradiol levels and a plateau is reached after

some weeks. As the oestradiol levels fall below

this plateau the patient begins to experience a

recurrence of symptoms, even though the

plasma level of oestradiol is well within the

normal premenopausal range. As the patient is

symptomatic the practitioner inserts a further

implant and there is a further rise in oestradiol

levels. However, this rise is not maintained,

and as the plasma level falls the patient once

again becomes symptomatic. If this cycle is

repeated then supraphysiological levels of

oestradiol may develop. Some of these patients

experience symptoms of oestrogen overdosage,

such as nausea and breast tenderness.

The management of these patients is very

difficult. The patient needs to go through a

withdrawal period where the oestradiol falls to

premenopausal levels, which may take 2 years.

This often distressing experience can

sometimes be helped by supplementing

oestradiol in the form of patches or tablets. In

women using implants plasma oestradiol levels

should be checked regularly. It is probably

best to avoid the insertion of further implants

if the plasma oestradiol is greater than

600 pmol/l.



Management of women with
endometriosis

Probably, the most important clinical problem

in managing women with endometriosis is the

use of HRT in women following total

abdominal hysterectomy and bilateral

salpingo-oöphorectomy for extensive disease,

often involving the bowel or bladder. This

history is not a contraindication to HRT, as

ectopically sited endometrium may not

behave in the same way as endometrium sited

within the uterine cavity. It is wise to start

with the lowest oestrogen dose that will

control symptoms. It is unknown whether the

addition of a progestogen protects against

recurrence of the disease. It may be necessary

to add testosterone to the oestrogen. It is

important to advise the patient to report any

symptoms or signs of disease recurrence, such

as dyspareunia or pelvic pain.

Management of women with
benign breast disease

Benign breast disease is not a contraindication

to HRT. Certain forms of benign breast

disease are known to increase the risk of breast

cancer whether HRT is taken or not. These

include lobular and ductal hyperplasia with

atypia. Whether HRT increases the risk of

breast cancer in women with these histological

diagnoses is unknown.

Testosterone implants

Testosterone is an androgen produced by the

ovary. Oöphorectomy removes this source.

The physiological role of testosterone in

women is unclear; however, following

oöphorectomy some women experience loss of

libido and a reduction in energy despite

adequate oestradiol levels. These symptoms

are often helped by the administration of

testosterone implants. The dose most

commonly used is 50–100 mg every 6–8

months. A potential side-effect is virilization,

which includes hirsutism and deepening of

the voice, but this is very rarely seen especially

when low dose-therapy is used.

In the near future other routes of

testosterone administration may become

available, such as transdermal patches.

Duration of HRT therapy

The length of time women remain on

treatment depends on the indication.

Vasomotor symptoms may last from 6

months to over 20 years.

In terms of fracture prevention, it appears

that the effects of oestrogen therapy on the

skeleton last for as long as treatment

continues. Once treatment stops the beneficial

effects start to be lost.

With regard to the prevention of

cardiovascular disease, the beneficial effects

appear to last while treatment is maintained,

Duration of HRT therapy 9



but again are lost when treatment stops. It is

uncertain whether combined oestrogen and

progestogen HRT produces the same effects

on cardiovascular disease risk as oestrogen

alone.

The major concern with long-term

treatment is the risk of breast cancer. A recent

large meta-analysis9 of the women from 51

epidemiological studies reported that among

current users of HRT, or those that had

ceased use 1–4 years previously, the relative

risk of having breast cancer diagnosed

increased by a factor of 1.023 for each year of

use. In this same group the relative risk was

1.35 with 5 years’ use or longer. There was

found to be an increase in risk of breast cancer

in non-users of HRT who had a late

menopause. In this group the relative risk was

1.028 for each year of ovarian function. Thus

each year of exposure to HRT increased the

risk of breast cancer by 2.3%. Each year of

exposure to normal ovarian function with late

menopause increased the risk of breast cancer

by 2.8%. The analysis also reported that

breast cancers diagnosed in women on HRT

appeared to be localized to the breast.

Whether the use of HRT produces less

aggressive disease, or whether the cancers are

detected earlier as a result of more vigilant

surveillance, is unknown. Most studies agree

that there is no increase risk in breast cancer

in women who take HRT for less than 5

years.

Conclusion

Choosing the correct treatment from an ever-

increasing array of new HRT products can

appear daunting. However, once individual

patient factors have been considered, such as

the presence or absence of a uterus, peri- or

postmenopausal state and the preferred route

of administration, the choice is usually fairly

straightforward. The final choice will be based

on clinical experience and cost.

It is important that appropriate follow-up

is arranged to resolve any side-effects or

anxieties, and that patients know where to

return to should they experience problems

before their next appointment.
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Psychological aspects of the
menopause and hormone
replacement therapy

Myra Hunter

2
Introduction

The nature of research into psychological aspects of the

menopause and its treatment reflects the sociocultural

meanings of menopause prevalent at the time. Gynaecological,

psychiatric, and psychoanalytic writings of the early 20th

century explored the experience of menopause by studying

individual cases of women seeking help for particular

problems. A negative view evolved and theories developed of

menopause as a time of loss of femininity and sexuality to be

mourned,1 a potential form of psychosis,2 and a type of

‘hysteria’ warranting gynaecological surgery.3 Advances in

biomedical research have led to the application of hormonal

preparations to treat vasomotor symptoms, and as

preventative strategies for osteoporosis and cardiovascular

disease. More recently the potential effects of hormone

replacement therapy (HRT) upon cognitive function and

Alzheimer’s disease, and upon quality of life in general have

become growing areas of research. In parallel with biomedical

research, psychological studies have focused upon measuring

outcome and change in symptoms experienced during the

menopause, as well as broader quality of life measures.



Since the 1970s social scientists have

questioned the assumption that the

menopause is a ‘deficiency disease’ and, by

carrying out general population, prospective

studies, have provided data that point to a less

pathological view of the menopause. There is

no conclusive evidence that clinical depression

increases during the menopause.4 Studies of

psychological symptoms generally show few

changes across stages of the menopause.5–7

Furthermore, when well-being was measured

in a cross-sectional and prospective Australian

study of the menopause transition, no effects

of menopausal status were found.8 Despite the

fact that a wide variety of physical and

psychological symptoms have been attributed

to hormone changes during the menopause—

such as irritability, headaches, depression,

anxiety, weight gain, aches and pains, poor

memory and concentration, and loss of

libido—hot flushes and night sweats

(vasomotor symptoms) are the only definite

symptoms of the menopause.9 Even if

symptoms are reported by women in surveys

this does not necessarily mean that the

symptoms are problematic. Porter and

colleagues10 asked a random sample of 6084

Scottish women whether they experienced a

number of symptoms and then whether they

perceived them to be a problem. Vasomotor

symptoms and atrophic vaginal changes were

the only symptoms to be associated with

menopausal status; 57% reported having hot

flushes and 22% regarded these as a problem.

Other general somatic and psychological

symptoms were reported but were perceived as

problematic by approximately 10% and 20%,

respectively. For example, 51% and 58%

experienced depression and anxiety,

respectively, but only 22% and 26%,

respectively described these experiences as a

problem.

The use of more sophisticated

methodologies has enabled researchers to

examine factors that predict depressed mood

and psychological distress during the

menopause. Women who are depressed before

the menopause and those who experience

psychosocial problems at the time, such as life

stress, bereavement, economic and family

problems, are more likely to report depression

during the menopause.7,11 In addition,

negative beliefs about the menopause held

before the menopause are associated with

reports of psychological symptoms during the

menopause.11 The experience of prolonged

vasomotor symptoms during the

perimenopause is associated with

psychological distress, and research suggests

that particular health problems—chronic

arthritis and thyroid problems—increase the

risk of chronic depression during the

menopause transition.6 It is important to place

this literature within the broader framework

of studies of gender differences in

psychological health. For example,

Bebbington12 reports that whereas the gender

difference in psychological morbidity is 2:1 in
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favour of men during the reproductive years

(20–55), this reduces markedly around the age

of 55, after which age women report fewer

psychological problems. In a recent study of

50-year-old men and women, we found that

there were no significant gender differences in

reports of life satisfaction and health-related

quality of life.13 Research carried out in

different cultures also points to variation in

the sociocultural factors that influence the

personal and social significance of menopause

and ageing. Anthropological studies provide

examples of how menopause can be a positive

event, particularly when it signifies a change

in social status.14 In general, women living in

non-Western societies appear to report fewer

symptoms at the menopause than those living

in the West. However, it is likely that material

differences, such as dietary and reproductive

practices and levels of exercise, contribute to

cross-cultural differences, as well as cultural

values and the social position of middle-aged

and older women.

In general this strand of research has

focused on menopause as a normal

developmental life stage and has provided

evidence of the strong influence of

psychosocial factors upon women’s well-

being. Another result of this research has been

the development of standardized

questionnaires to measure changes across the

menopause transition, such as the Greene

Climacteric Scale15 and the Women’s Health

Questionnaire,16 which have been

recommended to replace earlier scales, such as

the Kupperman Index.17 At the same time,

studies of menopause clinic attenders, those

seeking medical help for menopausal problems,

have demonstrated consistently high levels of

psychological distress, as well as vasomotor

symptoms, in these populations.18,19 In a study

carried out in a London hospital, we found that

seeking help from a menopause clinic was best

predicted by reports of psychological symptoms

together with vasomotor symptoms in the

context of certain beliefs—that the menopause

was a disease-like process.20 These findings and

reports from clinicians have resulted in debates

about how best to treat psychological

symptoms in these samples of women. Current

treatments include HRT, antidepressants, and

psychological treatment (cognitive behaviour

therapy). Further research is needed to clarify

the relative effectiveness of these treatments and

also the treatment preferences of middle-aged

women with clinical depression who are

seeking help.

In the sections that follow, three areas of

research are presented that illustrate the kinds

of research questions, theories, and

methodologies that are currently being

considered in psychological research on the

menopause and HRT. These include (1)

qualitative studies of experience of the

menopause, (2) studies of decision making in

relation to hormonal treatments, and (3)

psychological interventions for middle-aged

women.
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Qualitative studies of
experience of the menopause

Given the different theoretical perspectives

that frame the meaning of the menopause,

ranging from deficiency disease to normal

developmental phase, it is often difficult to

now how closely these models match women’s

own experience or the extent to which women

draw upon different theoretical models when

describing their own menopause. From a

woman’s perspective the menopause has

acquired complex social and cultural

meanings, being inextricably linked to age and

often coinciding with life changes. For

example, ‘the change of life’ in popular

discourse reflects the view that the menopause

might be paralleled by role changes and

emotional and social adaptations that may

occur during midlife. Concepts such as ‘empty

nest’, physical decline, loss of femininity, loss

of sexuality, involutional melancholia and

vaginal atrophy have contributed to varied, but

generally negative, stereotypes of menopausal

women in Western cultures. When visiting a

doctor a woman is likely to share her doctor’s

language and present symptoms and side-

effects. What is not clear is how women

themselves think about and discuss

menopause—in other words what discourses

they use—in other settings. In order to explore

women’s views and experiences of the

menopause, we carried out a qualitative study

of women’s accounts of the menopause.21

Forty-five women aged 49–51 were

recruited from the age/sex register of a general

practice in North London, serving a large

socially mixed area. Thirty-seven who were

perimenopausal, postmenopausal, or taking

HRT were asked about their lives, general

health, and the menopause. The interviews

were taped, transcribed, critically read by both

investigators, and taken to a peer group

discussion. Thematic discourse analysis was

used to explore women’s accounts of the

impact of menopause.22 Six broad themes

were identified from the women’s accounts,

which are outlined briefly below.

Bodily changes

How women defined themselves in relation to

the menopause tended to elicit discussion of

physical changes, particularly hot flushes and

night sweats. Menstrual and minor physical

and emotional changes were mentioned but to

a lesser extent. Descriptions of hot flushes and

night sweats varied considerably between

women, many viewing them as not

problematic. For example:

Maybe, about two years ago I was feeling hot

at times, hot flushes but no more. It wasn’t

for long. I get hot at times but it doesn’t

bother me. If it’s hot I just open the window

but otherwise I don’t have any ill effects at

all.
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However, several found them troublesome

and embarrassing and there was a general

concern about other people’s reactions:

The first time I got it I felt that everyone was

looking at me; I used to go bright red and feel

embarrassed. It only lasted a few minutes but

does happen sometimes when I’m talking to

people now: I feel uncomfortable. All the

blood rushes to my face.

Hot flushes were experienced as more

problematic in certain situations, for example

in situations in which they could not easily

take steps to cool down, and when disrupted

sleep affected ability to deal with work.

Therefore the experience of hot flushes and

night sweats was variable and partly influenced

by the woman’s social context and lifestyle.

Menopause as non-event:
continuation of the self

The most commonly voiced theme was that

the menopause had no or few consequences

for the women at all. They tended to describe

themselves as not particularly changed by the

menopause:

It hasn’t made me anything better or

anything worse. I feel no different in myself.

Accounts of bodily changes were to some

extent separated from how they felt the

menopause had impacted upon themselves:

I didn’t like my periods being irregular or my

body feeling different but in myself, well, I

still felt that inside I hadn’t changed.

No more periods

Cessation of menstruation was seen as a

positive change by all the women who

commented on menstrual changes.

Menstruation was generally talked about as

something negative and relief was expressed

about its absence:

It’s nice to get it over with and not have

periods any more.

Relief was expressed particularly by women

who had had heavy or problematic menstrual

periods.

Menopause as change in
reproductive stage

Although there was a general awareness that

the menopause marked the end of a woman’s

reproductive phase of life, the majority did

not express unhappiness about this.

Reproductive decisions tended to have been

made earlier in their lives.

I never really wanted to have children so it

never really worried me in that way. I’ll be

quite pleased in some ways.
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It won’t make any difference for me because I

was sterilized at 38 and I won’t feel that I

can’t have children any more because I’ve

been quite happy not having children for the

last 12 years.

Women’s accounts challenged the view of the

menopausal woman mourning the loss of

fertility, although particular circumstances

(such as the earlier death of a child) influenced

the individual meaning of the menopause as a

reproductive event.

Menopause as a sign of ageing

The menopause was inextricably associated

with age. Being 50 and menopause were used

interchangeably. Although the majority

challenged the view that menopause

necessarily marks the beginning of old age,

some women did voice concerns about ageing

and fears about being old:

I think once the menopause is over you feel as

though you’re fast approaching retirement and

it doesn’t seem so very long now to being old.

It’s a bit frightening that it’s only a few years

away and there’s still lots of things to do. I

think in ten years time I’ll be old.

However, a more positive perspective relating

to age, voiced by several women, was of the

menopause as a time for reflection:

It brings home to you that perhaps you’re in

the last half of life . . . It’s a time for a bit of

reflection about where you’re going over the

next few years.

Social context was again an important

influence on perceptions of ageing. One

woman who worked with teenagers in an office

had become increasingly aware of feeling

different from them and aware of her age:

I’ve never looked at myself as being in my 50s

but I find that I do feel it more now ...

because I’m working with people that are 17,

18, and I feel older now. It suddenly makes

you think God I’m 50, where has my life

gone, but before I never had these feelings at

all. I don’t know whether it’s to do with the

menopause or not or just your working

environment.

Staving off the unknown:
menopause as unspoken taboo

Although the interviewer used the word

‘menopause’, the women tended not to. ‘It’ and

‘this’ were used, suggesting that the menopause

was not commonly discussed directly. Similarly,

some women talked about the menopause as if

it was something that was happening but they

were attempting not to face it. They talked

about keeping busy, not thinking about it, and

not letting themselves go.

You have to put yourself in order as well

because when you go through something like
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that you become like you are not interested in

yourself . . . like you want to let yourself go.

You have to occupy your mind. So I think for

some women who have nothing to do it must

be really terrible for them. They must sit down

and think about it and become depressed.

Implicit in several accounts was the idea that

if they did stop to find out what ‘it’ was, there

would be negative consequences. Others

voiced fears of something vague, difficult, and

non-specific happening to them, which was

difficult to name or talk about, although

concerns about ‘letting yourself go’,

‘becoming depressed’, and losing control were

indirectly mentioned.

Two women described how by taking

HRT they ‘wiped out’ or ‘staved off’ the

menopause for the time being:

Now it’s wiped out, it’s a non-event.

Well I feel OK about it, it’s what other

people desire and need from me that’s the

difficulty. I’ve staved off the menopause until

my husband catches up with me.

This woman had a young family and a younger

husband and felt that going through the

menopause did not fit with her current life.

This study illustrates the variation and

multidimensional nature of women’s accounts

of the menopause. Medical language was used

when women initially defined themselves in

relation to the menopause, but less so when

they spoke about the impact of menopause

upon themselves and their lives. In general,

the women described the menopause as

having little overall impact. They talked of

continuation of the self and relief from

menstruation. Reproductive decisions, on the

whole, were faced earlier in their lives.

Women’s descriptions of the menopause were

complex, varying with material circumstances,

for example working environment, hot

flushes, past pregnancies, and heavy periods.

As well as dealing with physical changes,

women can face an additional task during the

menopause—to maintain a positive sense of

self amidst menopause and age changes that

have unduly negative connotations. Ways of

negotiating negative stereotypes of menopause

were to see other women as being more prone

to problems and by avoiding or staving off the

menopause by keeping busy or taking

HRT. By ‘staving off’ the menopause some

women may not have the opportunity of

finding out whether their experience would in

fact conform to their image of it. In this way

stereotypes about menopause are easily

maintained. In order to demystify the

menopause it might be helpful to promote

language that is more specific and

discriminates between different aspects of the

process. For example, the women described

hot flushes, menstrual changes, and

reproductive changes quite separately. Several
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women commented that the menopause is still

taboo and that few opportunities exist at this

stage of life to discuss feelings and experiences

in depth. Groups for middle-aged women,

which could take place as part of health

education strategies, can provide a place for

discussion of social and cultural meanings of

the menopause and to examine their impact

upon one’s experience of this stage of life.23

Such groups might help to develop common

understandings, to acknowledge differences

between women, and to reinforce challenges

to stereotyped images that the middle-aged

women in this study voiced in their accounts.

Studies of decision making in
relation to hormonal
treatments

HRT is being increasingly promoted for the

prevention of osteoporosis and cardiovascular

disease, as well as for relief of hot flushes and,

more recently, for improvements in quality of

life. In order to derive long-term health

benefits from HRT, at least five years’ use is

generally recommended.24 In the medical

literature ‘compliance’ with HRT is regarded

as low in terms of both uptake and adherence

rates, particularly in the UK, where

approximately 15% of 45–55-year-old women

currently use HRT. Reasons for low uptake

include not wanting to take medication,

having menstrual periods, and fears of risks

and side-effects. It has been assumed that with

appropriate information and reassurance

uptake and adherence would increase.25

However, an educational model that neglects

health beliefs is likely to be overly simplistic.

In general, women are more likely than

doctors to see the menopause as a normal

developmental phase of life, whereas doctors

are more likely to see it as a disease-like

process.26 One study of women’s attitudes

found that promotion of HRT was considered

of low priority compared with other health

concerns.27 In a qualitative British study of

decision making about HRT, women tended

to prefer not to take medication for what they

regarded as a ‘natural process’ unless they had

current symptoms, such as hot flushes, and

thus appeared, in general, to be using different

criteria from health professionals when

making decisions about HRT use.28 This may

partly explain why some women report

dissatisfaction with medical consultations

about the menopause and HRT.29 The

women in the study were also influenced by

their doctors’ views about HRT. Given that

doctors have been found to be uncertain

about the balance of costs and benefits of

HRT in the long term,30 and that

gynaecologists and general practitioners show

little agreement on the prescription of HRT,31

the information women receive is likely to be

variable.

In a detailed study of women’s intentions

to take HRT, Quine and Rubin32 found that

intention to use HRT was most strongly
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predicted by having positive beliefs about the

benefits of HRT, by the beliefs of significant

others (partner, friends, doctor), and by beliefs

that they had the resources to negotiate taking

HRT with their doctors and that few

impediments to taking it exist.

This research points to a need for balanced

information and the opportunity to discuss

the relative costs and benefits and possible

health risks, as well as the woman’s values and

preferences. In addition, health professionals

need to be aware of their own beliefs and

values and their possible impact upon the way

that information is provided. Decision

making about HRT is a complex process that

involves estimating future possible health risks

and the likely benefits of medical or other

interventions. In a recent study we examined

women’s perceptions of the likelihood that

they might develop health problems such as

osteoporosis, cardiovascular disease, and breast

cancer in the future. They were asked to

repeat the estimation imagining that they had

taken HRT for 5 years. Overall, women’s

estimation concurred with population risk

statistics, but women were conservative about

the perceived preventative effects of HRT,

believing it to prevent osteoporosis, but not

cardiovascular disease.33

Research is also being developed to

evaluate ways to empower women for

informed decision making during

consultations, for example using leaflets,

interviews, and videos, in order to overcome

barriers such as lack of information, the

stigma of the menopause, and differing

agendas, gender differences, and power

relationships between women and health

professionals.34,35

Psychological interventions

Psychological interventions include provision

of health education and treatments for

vasomotor symptoms and for psychological

problems reported during the menopause.

In a prospective study the effects of

providing 45-year-old women with two health

education workshops were examined; these

included discussion and provision of balanced

information in relation to expectations of

menopause, self-help, and medical treatments,

and advice about stress reduction and

increasing health-related behaviours.23

Following the intervention, and at 18 months

and 5 years later, the intervention group had

significantly greater knowledge of the

menopause and treatment than a control

group who did not receive the intervention.36

They also had fewer negative beliefs about the

menopause at follow-up. Although there were

no significant changes in health-related

behaviours, there was a strong trend for the

health education group to increase levels of

exercise.

Despite the prevalence of vasomotor

symptoms, it is only recently that

psychological treatment studies have been
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carried out. There are considerable cultural

differences in hot flush reporting, but even

within Western cultures the experience of hot

flushes has proven highly variable when site,

frequency, duration, and intensity have been

studied. A range of emotional reactions have

been reported including embarrassment,

panic, feelings of suffocation, and precipitants

have been identified such as hot drinks,

alcohol, external heat, and stressful situations,

but many flushing episodes are described as

spontaneous.37,38 Gannon et al 39 monitored

10 women and found a positive correlation

between hot flushes and stress (daily hassles)

for half the sample.

Approximately 10–15% of women with

hot flushes describe them as problematic,

largely because of physical discomfort,

disruption of sleep, and social

embarrassment.40 Hot flushes and night

sweats are the main reason given for seeking

medical help during the menopause. The

frequency of hot flushes appears to be difficult

to predict and was not associated with

sociodemographic variables in a recent study.

However, women who viewed their flushes as

problematic tended to report higher levels of

anxiety and depressed mood and lower self-

esteem.40 Hormone replacement therapy is an

effective and commonly recommended

treatment for hot flushes. However, in view of

the possible relationship between hot flush

reporting and stress, psychological

interventions have been developed that

include behavioural treatments,41 particularly

deep breathing and relaxation.42 In a recent

study a cognitive-behavioural intervention,

including relaxation, was found to be as

effective as HRT in reducing hot flush

frequency.43 This treatment involved four out-

patient sessions with a clinical psychologist,

during which time vasomotor symptoms were

monitored, exacerbators and precipitating

factors identified, and stress management was

taught. Women discussed ways of dealing

with hot flushes using cognitive behavioural

approaches and also attempted to reduce stress

in their lives. Those receiving the

psychological treatment also reported lowered

anxiety ratings after treatment. Further

research is needed to examine the potent

factors within these treatments.

Psychological therapies, such as cognitive

behaviour therapy (CBT), are also likely to be

helpful for women who attend clinics with

emotional problems. CBT has been shown to

be effective in the treatment of depression and

anxiety for people seeking help from general

practitioners or psychiatric services. Few

studies have focused specifically on the

psychological treatment of women seeking

help from menopause clinics. In a pilot study,

we compared a problem-solving group

treatment (based on cognitive-behavioural

principles) with a waiting list control

condition for middle-aged women in general

practice and found significant reductions in

depression and anxiety following treatment
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compared with the control group.44

Individual45 or group therapy44 might provide

a useful forum to help women to clarify the

causes of distress in their lives and seek

appropriate solutions. Further research is

needed to examine the needs and most

effective treatment of women attending

menopause clinics who experience both

emotional and physical problems.

Conclusions

The investigation of psychological aspects of

the menopause has broadened in focus during

the past century, from a pathological view of

menopause as a prime cause of distress and

depression, to a consideration of the

psychological aspects of a range of variables,

such as perceptions of menopause, help-

seeking behaviour and treatment decision-

making. With methodological improvements

in epidemiological studies, evidence for a less

negative view of the menopause transition has

accumulated. Nevertheless, some women who

seek help are depressed, and careful

consideration is needed to offer a choice of

treatments that address psychosocial as well as

health needs.

The application of psychological

theoretical models can facilitate understanding

of women’s help-seeking behaviour in relation

to HRT and other treatments, and the

development of psychological treatments can

help women to deal with vasomotor

symptoms, as well as anxiety and depression

during this life stage.
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Oestrogen and the bladder

Andrew Hextall, Linda Cardozo

3
Introduction

Evidence from both animal and human studies suggests that

oestrogen has an important effect on the female lower urinary

tract throughout adult life. Sex steroid receptors have been

identified throughout the brain, in the pontine micturition

centre, and in the bladder, urethra, and pelvic floor. It is

therefore not surprising that fluctuations in the circulating

level of oestrogen and progesterone are thought to be

responsible for changes in the prevalence of urinary symptoms

and the results of urodynamic investigation which occur

during the menstrual cycle and in pregnancy. In addition,

epidemiological studies have implicated the menopause and

subsequent oestrogen deficiency in the aetiology of a number

of urogenital complaints, including incontinence, urgency,

and recurrent urinary tract infection. Oestrogens have been

used widely to treat urinary symptoms in postmenopausal

women, but there are relatively few randomized studies, which

makes it difficult to draw accurate conclusions about the true

efficacy of such treatment. The aim of this chapter is to

discuss the role of oestrogen in the pathogenesis and

treatment of lower urinary tract disorders.



Action of oestrogen on the
female lower urinary tract

For a woman to remain continent urethral

pressure must exceed the intravesical pressure

at all times except during micturition.1 This

effect is achieved by the complex interaction

of neuromuscular factors and the connective

tissue supports of the bladder and urethra.

Control of micturition

Sex steroids appear to influence the central

neuronal control of micturition and the

continence mechanism. Oestrogen receptors

are found throughout the brain cortex, limbic

system, hippocampus, and cerebellum.2,3

Recent animal studies have also shown that

androgen receptors are present in the pontine

micturition centre4 and in the preoptic area of

the hypothalamus, an area of the forebrain

which may play an important role in the

initiation of micturition. However, the exact

type and distribution of sex steroid receptors

in the human micturition pathways and their

importance in the control of continence are at

present unknown.

Bladder

Oestrogen receptors are not found in the

transitional epithelium of the bladder apart

from in areas of the trigone which have

undergone squamous metaplasia.5 However,

oestrogen has a direct (non-genomic) effect on

detrusor function through modifications in

muscarinic receptors6,7 and inhibition of

movement of extracellular calcium ions into

muscle cells.8 Animal studies have shown that

oophorectomy alters the pressure flow

characteristics of micturition in the female

rat.9 This effect may be only partly reversed by

oestrogen supplementation and is possibly age

dependent. It is at present unknown whether

similar effects occur in humans. Oestradiol

reduces the amplitude and frequency of

spontaneous rhythmic contractions, which

have been associated with detrusor

instability,10 and in vivo oestrogen

pretreatment reduces the contractile response

of isolated rat detrusor muscle.11 The sensory

threshold of the human bladder may also be

raised by oestrogen supplementation.12

Urethra

Oestrogen receptors are consistently expressed

in the squamous epithelium of the proximal

and distal urethra, vagina, and

pubococcygeous muscle of the pelvic

floor.5,13–15 A number of authors have shown

that oestrogen increases urethral closure

pressure and improves pressure transmission

to the proximal urethra, effects that probably

occur by a combination of different

mechanisms.16–19 In response to oestrogen

there is an increase in cell cycle activity and an

improved ‘maturation index’ of the urethral
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epithelium,20–22 with similar changes also

occurring in the vagina of postmenopausal

women.23,24 Alterations in urinary cytology

during the menstrual cycle are comparable to

those seen in vaginal cytology,25 changes that

can also be identified in the urinary sediment

following treatment with oestrogens.26

The vasodilatory effects of oestrogens

which occur in the systemic and cerebral

circulations also take place in the female

urethra.27–29 Versi and Cardozo30 have shown

that vascular pulsations seen on urethral

pressure profilometry (UPP), secondary to

blood flow in the urethral submucosa and

urethral sphincter, increase in size in response

to oestrogen. Attempts have been made to

quantify changes in urethral blood flow in

response to oestrogen therapy using Doppler

ultrasound.31 Unfortunately, difficulties

in imaging the same vessel repeatedly and

natural variation in blood flow through pelvic

vessels limit the reproducibility of the

technique.

Connective tissue metabolism and

production of collagen are stimulated by

oestrogens, thus reversing the reduction in

total vaginal and periurethral collagen which

is associated with genuine stress incontinence

and genitourinary prolapse.32–34 Recent

evidence suggests that these conditions are

both associated with a systemic change in

collagenase activity.35 However, it is unclear

whether prophylactic treatment with hormone

replacement is sufficient to prevent their

development, particularly in view of the fact

that both have multifactorial aetiology.

Oestrogen and urinary
symptoms

Cyclical variations in the level of sex steroids

during the menstrual cycle may lead to both

symptomatic and urodynamic changes.

Approximately 40% of premenopausal

women with regular periods complain that

their urinary symptoms change with the

menstrual cycle, with the time just before a

period identified as the most bothersome

(Fig. 3.1).36 The prevalence of detrusor

instability on cystometry also increases

significantly with time from the last menstrual

period and may reflect increases in the

circulating level of progesterone following

ovulation. There also appears to be a

relationship between changes in serum

oestradiol and alterations in the functional

urethral length measured with urethral

pressure profilometry.37 Many women

complain of urinary symptoms during

pregnancy which are only in part due to an

increase in urine output and pressure effects

from the gravid uterus.38–40 The prevalence of

detrusor instability antenatally is significantly

greater than that found postpartum,41

suggesting a possible hormonal effect also

thought to be mediated through progesterone.

Progesterone receptors are expressed

inconsistently in the lower urinary tract and
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may be dependent on the oestrogen status of

the woman.5,42 Unfortunately, there are very

little data on the physiological effects of

progesterone outside pregnancy,43 but in

general progestogens have an adverse effect on

the bladder and urethra. Elliot and

Castleden44 have shown that progesterone

antagonizes the inhibitory effect of oestradiol

on rat detrusor muscle contractions.

Clinically, progestogens are associated with an

increase in irritative bladder symptoms45,46 and

urinary leakage in those women with

incontinence taking hormone replacement

therapy.47 However, progestogens do not

appear to alter significantly the urethral

pressure profile of continent women.48

Androgen receptors are found in both the

female bladder and urethra, but their role is at

present unclear.49

Several epidemiological reports have

implicated oestrogen deficiency in the

aetiology of a number of different urinary

30 Oestrogen and the bladder
Pe

rc
en

ta
ge

 (
%

)

45

40

35

30

25

20

15

10

5

0
During a
period

Just after a
period

Middle of
month

Just before a
period

Time urinary symptoms most bothersome

Figure 3.1
Time urinary symptoms are most bothersome in relation to the menstrual cycle.36 Percentage of positive
responses of 55/133 women with a regular cycle (not on the combined contraceptive pill or other hormonal
therapy) who indicated that their urinary symptoms changed during the menstrual cycle.



complaints. Iosif and Bekassy50 studied 2200

women aged 61 years and found that 70% of

women with incontinence related the onset of

their urinary leakage to the time of their final

menstrual period. In a survey of 2045 British

women aged between 55 and 85 years, Barlow

and colleagues51 showed that urogenital

symptoms had affected 48.5% of

postmenopausal women at some time and that

11% were currently troubled by individual

complaints. Urinary tract symptoms are

certainly common following the menopause,

with one in five women attending a

menopause clinic complaining of severe

urgency, and nearly 50% complaining of

stress incontinence.52

The prevalence of postmenopausal

incontinence in the community is thought to

be between 16% and 29%.53–55 Although there

are clearly a number of important factors in the

pathogenesis of urinary incontinence, there is

conflicting evidence regarding the role of the

menopause. Thomas and colleagues56 and

Jolleys53 found the peak prevalence of urinary

incontinence in community-dwelling women

to occur in the perimenopausal age group.

Hilton57 found a similar pattern of prevalence

in hospital practice, with 40% of women

referred to a urogynaecology unit aged between

40 and 60 years, with a mean comparable to

that of the menopause. Urge incontinence in

particular is found more commonly following

the menopause58 with the prevalence appearing

to rise in line with increasing years of oestrogen
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Increased urethral closure pressure

• Increased urethral cell maturation
• Increased urethral blood flow
• Increased alpha-adrenergic receptor

sensitivity in urethral smooth muscle

Improved abdominal pressure 
transmission to proximal urethra

Stimulation of periurethral collagen 
production

Improved neuronal control of micturition
Increased sensory threshold of the 

bladder
Improved mood and quality of life
Reduced incidence of urinary tract 

infection

Table 3.1
Mechanisms by which oestrogen may be useful for the
treatment of urinary incontinence.

deficiency (Fig. 3.2). However, most studies

show that many women develop incontinence

at least 10 years before their last period, with

Jolleys53 and Burgio and colleagues59 finding

that significantly more premenopausal women

than postmenopausal women were affected.

The prevalence of stress incontinence in the

community also starts to fall following the

menopause, and the increase in urge

incontinence and detrusor instability in elderly

women may simply be an effect of the ageing

process.

There are a number of reasons why

oestrogens may be useful for the treatment of

lower urinary tract symptoms (Table 3.1).



Salmon and colleagues60 were the first to

report the successful use of oestrogens to treat

urinary incontinence over 50 years ago.

However, it is now well recognized that there

is a poor correlation between a woman’s

symptoms and the subsequent diagnosis

following appropriate investigation.61

Unfortunately, initial trials took place before

the widespread introduction of urodynamic

studies and therefore almost certainly included

women with a number of different

pathologies.
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Oestrogen for stress incontinence

There are a large number of published studies

of oestrogen for the treatment of urinary stress

incontinence but most have to be interpreted

with caution because they are observational

and not randomized, blinded, or controlled.

Comparison of the different reports is also

difficult because a number of different types

of oestrogen have been used with varying

doses, routes of administration, and durations

of treatment. The concurrent use of

progestogens, to prevent endometrial

hyperplasia in those women with a uterus,

probably also influences success rates.

In an attempt to clarify the situation the

Hormones and Urogenital Therapy (HUT)

committee has performed a meta-analysis of

oestrogens for incontinence.62 Of 166 articles

identified which were published in English

between 1969 and 1992, only six were

controlled trials and 17 were uncontrolled

series. Subjectively, oestrogen was found to

produce a significant improvement for all

patients and those with genuine stress

incontinence, but this may have been because

oestrogens improve feelings of well-being and

quality of life. Analysis of objective parameters

failed to show any reduction in the volume of

urine lost compared with pretreatment levels.

Two further studies using oral oestrogen,

which were not included in the HUT meta-

analysis, have recently been reported. Fantl et

al 63 performed a randomized trial of 83 hypo-

oestrogenic patients with urodynamically

proven genuine stress incontinence and/or

detrusor instability. Women were treated for 3

months with cyclical conjugated equine

oestrogens 0.625 mg and

medroxyprogesterone 10 mg or a placebo. At

the end of the study period the clinical and

quality of life variables had not changed

significantly in either group. Although this

may have been due to the lack of efficacy of

the oestrogen prescribed, the mixed pathology

of some of the women and the concurrent use

of progestogens make it difficult to draw any

firm conclusions. Jackson and co-workers64

treated 67 postmenopausal women with

genuine stress incontinence or mixed

incontinence with oestradiol valerate 2 mg or

placebo daily for 6 months in a double-blind,

placebo-controlled study. Six of the 33

women randomized to receive oestradiol

experienced breakthrough bleeding during the

trial and were subsequently treated with an

additional monthly progestogen. Although

this is one of the largest studies yet reported,

with the longest duration of treatment, there

were again no significant changes in the

subjective or objective outcome measures. It

should be noted that, similar to other reports,

the mean age of the women treated was 63

years. It is possible that irreversible changes in

the lower urinary tract may already have taken

place in this age group, with only those

women in the perimenopausal years likely to

benefit from this form of treatment.
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Alpha-adrenergic receptors in the urethral

sphincter are sensitized by oestrogens, which

helps to maintain muscular tone.65 Several

studies have utilized this effect and shown that

oestrogen may be a useful treatment for stress

incontinence if given with alpha-adrenergic

agents. Beisland and colleagues66 and Hilton

and colleagues67 used oestrogen in

combination with phenylpropanolamine

(50 mg twice daily) and found both subjective

and objective benefits which were greater than

for either treatment given alone. This type of

therapy may be particularly useful for women

with mild stress incontinence or for cases not

suitable for surgery.

Oestrogens for the ‘urge syndrome’

There are a number of causes of urinary

frequency and urgency in postmenopausal

women (Table 3.2) and investigation is often

required to make an accurate diagnosis. In

several studies oestrogen has been used to treat

urgency and urge incontinence regardless of the

underlying pathology and in others even

women who initially developed their symptoms

many years before the menopause have been

included in the assessment. Perhaps for these

reasons very few trials have shown oestrogen to

be of benefit for this condition, although again

there is a lack of large, randomized, controlled

studies with a long duration of treatment from

which to make conclusions. In addition, a large

placebo effect occurs in the treatment of this

34 Oestrogen and the bladder

condition and therefore trials involving small

numbers of patients need to be interpreted with

caution.68,69

In a recent double-blind multicentre study

64 postmenopausal women with the ‘urge

syndrome’ were randomized to treatment with

oral oestriol 3 mg daily or placebo for 3

months.70 Urodynamic studies were

performed at baseline and compliance was

confirmed by a significant improvement in the

maturation index of vaginal epithelial cells in

the active but not the placebo group. Oestriol

Systemic

• Diabetes mellitus
• Diuretic therapy

Psychosocial

• Excessive fluid intake
• Habit/anxiety

Urogynaecological

• Detrusor instability
• Sensory urgency
• Low bladder compliance
• Voiding difficulty
• Bladder mucosal abnormality, 

e.g. cystitis, papilloma, carcinoma
• Urethral lesion, e.g. urethritis,

diverticulum, caruncle
• Urogenital prolapse
• Sexual intercourse
• Urinary tract infection
• Postmenopausal urogenital atrophy

Table 3.2
Common causes of urinary frequency and urgency in
postmenopausal women.



produced subjective and objective

improvements in urinary symptoms, but it

was not significantly better than placebo.

Sustained-release 25 mg 17�-oestradiol

vaginal tablets (Vagifem®, Novo Nordisk,

Crawley (West Sussex), UK) or placebo were

used by Benness and colleagues to treat 110

postmenopausal women.71 At the end of the 6

month treatment period the only significant

difference between the active and placebo

groups was an improvement in the symptom

of urgency in the women who had a

urodynamic diagnosis of sensory urgency. In

these women it was possible that the oestrogen

was reversing atrophic changes in the lower

urogenital tract rather than treating any

underlying bladder pathology.

Oestrogen and urinary tract
infection

Urinary tract infections (UTI) occur

commonly in women of all ages. This is a

particular problem in the elderly, with a

reported incidence of 20% in community-

dwelling women and sometimes over 50% in

institutionalized patients.72,73

Pathophysiological changes that may account

for this increase include impairment of bladder

emptying, poor perineal hygiene, and both

faecal and urinary incontinence. Alterations in

the vaginal flora associated with oestrogen

deficiency are also thought to place women at

risk of UTI, particularly if they are sexually

active. There is a rise in vaginal pH and fall in

the number of lactobacilli, allowing

colonization with Gram-negative bacteria that

act as uropathogens. However, the exact role of

the menopause as an aetiological factor in the

development of UTI may have been overstated.

Analysis of mid-stream urine specimens (MSU)

sent to our hospital from the community

indicate that the proportion of positive results

increases with age in both men and women,

with no specific changes in the rate of infection

occurring at or following the menopause.74

Oestrogen reverses the microbiological

changes in the vaginal flora which occur as a

result of the menopause, an effect that enables

oestrogen to be used for treatment or

prophylaxis. Initial small uncontrolled

studies75–77 using oral or vaginal therapy

produced encouraging results. Five

randomized studies of oestrogen for this

condition have now also been reported (Table

3.3).78–82 In the largest trial to date, Eriksen82

conducted a multicentre, randomized, open,

parallel-group study of 108 postmenopausal

women with recurrent, symptomatic,

bacteriologically confirmed urinary tract

infections. The women were randomly

assigned to receive either Estring (2 mg

oestradiol; Pharmacia & Upjohn, Uppsala,

Sweden) or no oestrogen treatment. After 36

weeks of study the cumulative likelihood of

remaining free of infection was 45% in the

women with the vaginal ring compared with

approximately 20% in the control group. A
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randomized, double-blind, placebo-controlled

study of 93 postmenopausal women has also

shown that intravaginal oestriol cream reduces

the risk of recurrence of urinary tract

infection.80 The incidence of urinary tract

infection in the group given oestriol was

significantly lower than in women given

placebo (0.5 versus 5.9 episodes per patient

per year). Changes in the vaginal pH and

colonization with lactobacilli were present in

the oestriol group only within 1 month of the

start of treatment.

The HUT committee has recently

reported a systematic review of oestrogen for

recurrent UTIs and concluded that vaginal

oestrogen administration seems to be effective

for this condition.83 However, it is important

to note that although UTI is one of the most

common reasons why a woman may present

to her doctor, fewer than 400 women have

taken part in randomized studies of oestrogen

for this condition, and two of the five

reported randomized trials78,81 have failed to

demonstrate any advantage of oestrogen over

placebo.

Conclusions

Sex steroids have an important physiological

effect on the female lower urinary tract, and

oestrogen deficiency is associated with a

number of urogenital complaints. The use of

hormone replacement therapy to treat urinary

symptoms has given conflicting and largely

disappointing results. When oestrogens are

used alone to treat stress incontinence there is

no objective improvement in urinary leakage,

but they may be useful when given in

combination with alpha-adrenergic agonists.

Oestrogen supplementation given locally or

orally may improve the irritative symptoms of

urinary frequency and urgency, possibly by

reversing urogenital atrophy, but most studies

have failed to show an effect greater than that

of placebo. Treatment may need to be given

for several weeks or even months for

maximum efficacy but the optimal route of

delivery and duration of therapy remain to be

determined. Oestrogen appears to be of

benefit for prophylaxis against recurrent

urinary tract infection, particularly if it is

administered vaginally.
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Hormone replacement therapy
and osteoporosis

Juliet E Compston

4
Introduction

The role of oestrogen deficiency in the pathogenesis of

menopausal bone loss is well established and hormone

replacement therapy (HRT) has been widely used for the

prevention and treatment of osteoporosis in postmenopausal

women. Although prevention of postmenopausal bone loss by

HRT has been convincingly demonstrated at a number of

skeletal sites, evidence supporting its anti-fracture efficacy is

derived almost wholly from observational studies, which are

likely to overestimate any benefits and may even generate

spurious effects. Over the past decade a number of non-

hormonal options have become available for the prevention of

osteoporotic fractures in postmenopausal women; for some of

these there is robust evidence of anti-fracture efficacy from

adequately powered, randomized, controlled trials. The place

of HRT as the ‘gold-standard’ treatment for osteoporosis is

thus now challenged as evidence for its effectiveness has come

under greater scrutiny and uncertainties about long-term

effects on coronary heart disease have emerged.



The pathophysiology of
postmenopausal osteoporosis
Effects of oestrogen on bone cells

Knowledge of oestrogen signalling pathways

has advanced rapidly in recent years and has

facilitated the development of selective

oestrogen receptor modulators, discussed

elsewhere in this book. The precise

mechanisms by which oestrogen exerts its

beneficial effects on bone remain, however, to

be clearly defined; these effects extend

throughout most of the lifespan of women

and probably also of men. Oestrogen-induced

effects on the skeleton may be exerted via

either genomic or non-genomic actions; the

importance of the latter is increasingly

recognized in the mediation of rapid responses

to the hormone by both osteoblasts and

osteoclasts.1,2

Oestrogen receptors belong to a family of

steroid hormone receptors which includes

glucocorticoid, androgen, progesterone, and

mineralocorticoid receptors. At least two

main subtypes of the oestrogen receptor (ER)

exist, namely, ER� and �.3 Several isoforms

of ER� and at least two of ER�, created by

alternative splicing or alternative initiation of

translation, have also been demonstrated,

mainly at mRNA level. Both receptor

subtypes have been reported in human bone;

their distribution appears to be overlapping

but not identical and recent evidence suggests

that ER� is predominant in cortical bone
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whereas ER� is the main form in cancellous

bone. Oestrogen receptors have been

described on all the main cell types of bone,

namely, osteoclasts,4,5 osteoblasts,6,7 and

osteocytes.8

Oestrogen has effects on the production of

a number of cytokines and growth factors

involved in the regulation of bone

remodelling (Table 4.1). The bone-preserving

effect of oestrogen is mediated predominantly

through effects on osteoclast number and

activity, the latter encompassing both

resorptive activity and lifespan of the cell.

Oestrogen deficiency in postmenopausal

women is associated with increased

production of interleukin-1 (IL-1), tumour

necrosis factor � (TNF�), and granulocyte-

macrophage colony stimulating factor (GM-

CSF),9–11 cytokines that increase

osteoclastogenesis and in the case of IL-1 and

TNF� also increase osteoclastic activity.

Oestrogen also inhibits the production of

interleukin-6 (IL-6)12 and, more recently, has

been shown to stimulate the production of

osteoprotegerin in osteoblastic cells;13 the

latter functions as a soluble decoy receptor for

the cytokine RANKL (receptor activator of

NF�B ligand),14 which is essential for

osteoclastogenesis. Effects of oestrogen on

osteoclast activity are also mediated via

stimulation of apoptosis. Thus IL-1, IL-6, and

M-CSF have all been shown to inhibit

apoptosis in osteoclasts,15 whereas

transforming growth factor � (TGF�), the



production of which is decreased in oestrogen-

deficient states, stimulates apoptosis.16

Several effects of oestrogen on gene

expression in osteoblasts have been reported,17

including induction of insulin-like growth

factor 1 (IGF-1), TGF�, and bone

morphogenetic protein 6 (BMP-6).18

Increased expression of alkaline phosphatase,

osteocalcin, and type I collagen have also been

reported in response to oestrogen in in vitro

systems. 

Bone remodelling and mechanisms
of menopausal bone loss

Bone remodelling is a surface phenomenon

that serves to maintain the mechanical

integrity of the skeleton and to preserve

calcium homeostasis (Fig. 4.1). Essentially it

consists of the removal by osteoclasts of a

quantum of mineralized bone, followed by the

formation within the cavity so formed of new

bone; this is initially laid down as

unmineralized bone (osteoid), which then is

mineralized, both these functions being

performed by osteoblasts. In the adult human

skeleton these processes are coupled both in

space and time, bone resorption always

preceding bone formation and the amounts of

bone resorbed and formed being

quantitatively similar (at least in the young

adult skeleton). The lifespan of each

remodelling unit is believed to be around 4–7

months, most of this period being occupied

by formation.19

At the cellular and tissue level, there are

The pathophysiology of postmenopausal osteoporosis 45

IL-1 Pro-resorptive ⇓
IL-6 Pro-resorptive ⇓
TNF� Pro-resorptive ⇓
M-CSF Pro-resorptive ⇓
PGE2 Pro-resorptive ⇓
RANKL Pro-resorptive ⇓
IL-1 receptor antagonist Anti-resorptive ⇑
OPG Anti-resorptive ⇑
TGF� Anti-resorptive ⇑

Increased formation ⇑
BMP-6 Increased formation ⇑
IGF Increased formation ⇑

Cytokine/growth factor Action Effect of oestrogen

Table 4.1
Effects of oestrogen on cytokines and growth factors involved in the regulation of bone remodelling.



two possible mechanisms of bone loss (Fig.

4.2). Quantitatively the most important is an

increase in activation frequency (also termed

‘increased bone turnover’) in which the

number of remodelling units on the bone

surface is increased. The second mechanism,

which often coexists with increased bone

turnover, is remodelling imbalance, in which

the amount of bone formed within individual

remodelling units is less than that resorbed,

due to increased resorption, decreased

formation, or a combination of the two.

There is evidence from kinetic and

biochemical measurements of bone turnover

that increased activation frequency plays a

major role in bone loss after the

menopause.20,21 In addition,

histomorphometric data support a reduction

in the amount of bone formed within

remodelling units, indicating decreased

osteoblast activity.22,23 There is also some

evidence that oestrogen deficiency may be

associated with a transient increase in

osteoclastic activity,24 resulting in increased

resorption depth. This would be consistent

with the observation of greater age-related

disruption of cancellous bone architecture in

women than in men.25, 26

Histomorphometric studies in

postmenopausal women with osteoporosis

show considerable heterogeneity in bone

turnover; whether this reflects measurement

variance or other factors such as regional

variations or sequential or intermittent

changes has not been clearly established. A

more consistent finding has been a reduction

in wall width, which represents the amount of

bone formed within individual remodelling
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Quiescence Resorption Formation

Figure 4.1
Schematic diagram of bone remodelling in cancellous bone. Bone resorption by osteoclasts is followed by
formation within the cavity formed of new bone by osteoblasts.



units.27 However, it remains unclear whether

the development of postmenopausal

osteoporosis reflects a distinct

pathophysiological process or whether it

results from physiological bone loss in those

with low peak bone mass and possibly also

lower levels of osteoblast activity.28

In premenopausal women, acute oestrogen

withdrawal has dramatic effects on the

skeleton. Thus treatment for a period of 6

months with gonadotrophin-releasing

hormone analogues in women with

endometriosis resulted in rapid disruption of

cancellous architecture;24 this is likely to have

been due, at least in part, to increased

resorption depth, a change that was directly

demonstrated in the cortical bone of these

subjects.29

Skeletal effects of progesterone

Relatively little is known about the skeletal

effects of progesterone. Human osteoblastic

cells express progesterone receptors,7 and some
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Normal

Increased activation
frequency and remodelling imbalance

Figure 4.2
Mechanisms of menopausal bone loss. Activation frequency is increased, leading to an increase in the
number of remodelling units undergoing bone resorption. Subsequent bone formation is insufficient to fill the
existing resorption cavities completely.



progestogens used in HRT formulations,

particularly 19-nortestosterone derivatives,

may independently exert beneficial effects on

bone mass although evidence for this is

conflicting.30–34 Thus preservation of bone

mineral density in postmenopausal women

treated with norethisterone was reported in

metacarpal bone30 whereas in another study31

norgestrel therapy was associated with

significant bone loss at this site in a similar

cohort. In premenopausal women treated with

cyclic medroxyprogesterone for menstrual

disorders, increases in bone mineral density

were reported.35 There is no evidence that

combined oestrogen/progestin therapy differs

from unopposed oestrogen in terms of anti-

fracture efficacy.36

Clinical aspects of
postmenopausal osteoporosis

Osteoporosis is characterized by a reduction in

bone mass and disruption of cancellous bone

architecture, resulting in increased bone

fragility and hence increased fracture risk.

Fragility fractures are the only clinical

manifestation of osteoporosis and most

commonly occur at the hip, wrist, and spine.

In women all these fractures show an age-

related increase in incidence and the estimated

remaining lifetime risk of developing an

osteoporotic fracture in a Caucasian women at

the age of 50 years has been estimated as

30–40%.37,38 The morbidity and mortality

associated with osteoporotic fractures is

considerable and the estimated annual cost to

the health services in the UK is around £1

billion.39,40

Effects of HRT on bone mineral
density

Prevention of menopausal bone loss by HRT

has been documented in many studies.41–45

The beneficial effects are seen at multiple

skeletal sites and can be demonstrated both in

perimenopausal women and in women who

are 10–20 years postmenopausal.46 In most

studies small increases in bone mineral density

are seen over the first 18 months or so of

treatment, typically 3–6%, followed by a

plateau as the new steady state is reached.

Oral, parenteral, and transdermal

formulations have all been shown to be

effective. There is some evidence that addition

of calcium supplementation enables lower

doses of oestrogen to be used.47,48

Effects of HRT on bone turnover and
remodelling

The beneficial effects of HRT on menopausal

bone loss are mediated predominantly by

suppression of bone turnover. Thus

biochemical markers of bone resorption and

formation fall to values within the normal

premenopausal range after 3–6 months of
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treatment49 and several histomorphometric

studies have demonstrated a significant

reduction in activation frequency and bone

turnover at tissue level in postmenopausal

women treated with hormone replacement

therapy,50–52 generally to approximately 50%

of the untreated values. The issue of whether

HRT affects remodelling balance is more

contentious but there is some evidence that

the depth of resorption cavities, an index of

osteoclastic activity, is reduced by hormone

replacement therapy.52,53 In contrast, there is

no evidence that HRT, when used in

conventional doses, increases bone formation

at the cellular level as assessed by

histomorphometric measurements of wall

width.50,52,53 Consistent with these reductions

in bone turnover and osteoclastic activity,

there is evidence that cancellous bone

architecture is preserved by HRT although

disruption occurring before therapy is not

reversed.53,54

Effects of HRT on fracture risk

Evidence for the anti-fracture efficacy of HRT

is derived almost exclusively from

observational studies, which are subject to bias

and likely to overestimate potential benefits

because of the healthier status of those women

who choose to take HRT at the menopause as

compared with those who do not.

Nevertheless, the majority of evidence

supports the contention that HRT is effective

in reducing fracture risk at the wrist, hip, and

spine.55–63 Of these studies, only a minority

have been prospective42,51,56,63 and none has

been optimally designed. In this context, it is

of interest that in a recent randomized,

controlled trial of the effects of HRT in

women with coronary heart disease no effect

of HRT on clinical fractures, which were a

secondary end-point, was observed.64 The

results of several ongoing large randomized,

controlled trials in the UK and USA, in which

effects on fragility fractures will be

documented, are therefore awaited with

interest.

The optimal timing and duration of HRT

in the prevention of osteoporosis have not

been clearly established. There is increasing

evidence for attenuation of its beneficial

skeletal effects after withdrawal of therapy,

with respect both to bone mineral density and

to fracture reduction. Thus two cross-sectional

studies in postmenopausal women have

provided evidence that some years after HRT

is stopped benefits for bone mineral density

are no longer observed65,66 and several

observational studies indicate that significant

protection against hip fracture is seen only in

current or recent HRT users.59,62 (Fig. 4.3).

Although further studies are required, in

particular prospective investigations of rates of

bone loss after withdrawal of therapy, these

data indicate that lifelong treatment after the

menopause is required to maintain optimal

protection against fracture, the incidence of
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which rises steeply with age and, in the case of

hip fracture, reaches a peak around the age of

80 years. There has thus been a move away

from long-term preventive strategies, starting

at the time of the menopause, towards

shorter-term intervention in older women

who have a high absolute risk of fracture. 

Tibolone

Tibolone, a synthetic compound, has

oestrogenic, progestogenic, and androgenic

properties and is effective in the treatment of

menopausal symptoms. Its effects on bone

mineral density are similar to those observed

with other forms of HRT;67 however, there are

at present no data on its anti-fracture efficacy. 

High-dose oestrogen therapy:
anabolic effects on bone

Percutaneous oestradiol therapy, which is

associated with high serum oestradiol

concentrations, results in greater increases in
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Figure 4.3
Effect of time since last use of HRT on risk of hip fracture. The greatest protection is seen in recent and
current users, whereas no significant protection was observed in women who had not received HRT for 5
years or longer.62



bone mineral density in postmenopausal

women than do oral or transdermal

formulations;45,68,69 although early studies

mainly involved co-administration of

testosterone, more recently it was shown that

long-term treatment of postmenopausal

women with high doses of percutaneous

oestradiol, in the absence of testosterone, was

associated with bone mineral density values

that were significantly higher than those

expected in their normal premenopausal

counterparts.70 This effect is achieved, at least

in part, through an increase in bone formation

at the cellular level, resulting in increased wall

width and improved remodelling balance.71

The mechanisms by which oestrogens achieve

osteoblastic stimulation have not been defined

but may have potential implications for the

development of other anabolic skeletal agents.

Monitoring of bone mineral density
in patients receiving HRT

Although noncompliance with long-term

HRT is common, current evidence indicates

that the level of true non-response to HRT is

low.72 Although it has been argued that

regular monitoring by bone densitometry may

improve compliance, this cannot be justified

on the basis of cost-effectiveness, and in the

absence of complicating factors such as

malabsorption or glucocorticoid therapy it is

hard to justify such an approach.73 It may,

however, be more useful to assess bone density

at the time of cessation of HRT in order to

establish whether further bone-sparing therapy

is required.

The positioning of HRT in the
management of osteoporosis in
postmenopausal women

In recent years there have been significant

advances in the management of osteoporosis

in postmenopausal women and the range of

licensed interventions has increased

considerably (Table 4.2).74 For some of these

agents, for example alendronate, raloxifene,

and risedronate, there is robust evidence of

anti-fracture efficacy from adequately

powered, randomized, controlled trials; in

other cases, the evidence is less robust and

sometimes inconsistent. Decisions in clinical

practice about which intervention to advise

are affected by a number of issues, including

anti-fracture efficacy for both vertebral and

non-vertebral fractures, the rate of onset and

offset of treatment effect, safety and

tolerability, cost, and, for raloxifene and

HRT, the extraskeletal risks and benefits. 

Although for regulatory purposes a

distinction is drawn between prevention and

treatment of osteoporosis, in clinical practice

this is not useful, since all currently available

treatments act fundamentally in the same way,

i.e. by inhibiting bone resorption.

Furthermore, there is evidence that the rate of

onset and offset of therapeutic effect is
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relatively rapid for many of these agents,

significant reductions in vertebral fracture

being demonstrated after as little as 1 year’s

treatment in postmenopausal women with

established osteoporosis.75,76 It is therefore

more logical to consider the indication for

treatment as prevention of osteoporotic

fracture, whether or not a fracture has already

occurred, particularly in view of the

strengthening rationale for targeting high-risk

women for intervention rather than

implementing long-term preventive strategies

in those with low absolute risk of fracture. 

The positioning of HRT in the

management of postmenopausal women with

osteoporosis has thus changed, as a result of

both the emergence of other interventions and

the move away from prevention of bone loss

in perimenopausal women whose absolute risk

of fracture is low. Although HRT remains the

treatment of choice for osteoporosis in

perimenopausal women with active

menopausal symptoms who have a high

absolute risk of fracture, such individuals are

relatively rare, the majority of high-risk

women being over the age of 65 years. Many

women in this age group, in whom the

frequency of unwanted side-effects of HRT is

relatively high, prefer a non-hormonal option

such as a bisphosphonate; furthermore, in the

very elderly, in whom hip fracture is the major

concern, the stronger evidence of anti-fracture
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HRT � � �*

Raloxifene � � �

Alendronate � � �

Cyclic etidronate �† �* �*

Risedronate � � �

Calcitonin � � �*

Calcitriol � � �

Vitamin D + calcium � � �‡

*Evidence based on observational data.
†Insufficiently powered clinical trials.
‡Reduction in hip fracture shown only in elderly living in sheltered accommodation.

Source: Reprinted from Compston JE. Prevention of osteoporotic fractures in post-menopausal women. Bailliere’s
Best Practice Res Clin Endocrinol Metab, 2000; 14(2): 251–264, by permission of the publisher Bailliere Tindall.

Spine Non-vertebral Hip

Table 4.2
Summary of evidence for anti-fracture efficacy of interventions used in the prevention of osteoporotic fractures in
postmenopausal women



efficacy of the bisphosphonates and, in

institutionalized subjects, combined calcium

and vitamin D therapy make these the most

appropriate choice. 

Conclusions

Oestrogen has important effects on skeletal

health throughout childhood, adolescence,

and adult life. In particular, the loss of

oestrogen at the menopause results in

accelerated bone loss and is a major

pathogenetic factor in postmenopausal

osteoporosis. Although it is well documented

that oestrogen replacement at the menopause

prevents bone loss, evidence for anti-fracture

efficacy is based mainly on observational

studies and is less robust than that now

available for several other interventions,

including alendronate, raloxifene, and

risedronate.

The mechanisms by which oestrogen

affects bone remodelling remain to be fully

elucidated but the predominant effect appears

to be on osteoclastic activity and bone

turnover, although high doses of oestrogen

increase bone formation and thus have an

anabolic effect. These effects are mediated by

both genomic and non-genomic signalling

and involve the interdependent actions of a

number of cytokines, growth factors, and

other mediators. 
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Hormone replacement therapy
and heart disease

Régine Sitruk-Ware

5
Introduction

It is now well established that cardiovascular disease (CVD)

represents the major cause of death in women just as in men,

but at a later age. In women the incidence of CVD increases

after the menopause and it has been shown that the risk of

atherosclerosis increases 3–4-fold after natural menopause.1

Among the main recognized cardiovascular risk factors for

both men and women, cigarette smoking, high cholesterol

levels, hypertension, diabetes mellitus and obesity are

preventable causes of coronary heart disease.2 The fall in

oestrogens following the menopause may affect several of

these risk factors and it is now well established that oestrogen

replacement therapy (ERT) will improve cholesterol levels,

diastolic blood pressure, insulin sensitivity and some of the

clotting factors.3–6 The beneficial effects of oestrogens on the

vasodilating endothelial factors, hence on vasomotor tone,7

suggest that oestrogens may play a major role in the primary

prevention of coronary heart disease in women. Better

understanding of the mechanisms underlying the protective

effect of sex steroids has been provided by animal studies

using the monkey model8 as well as studies of postmenopausal



women, using surrogate markers of

cardiovascular risk.9,10

There is now evidence that oestrogens will

improve endothelial function and hence

vascular tone,10 however, the effect of

progestogens on CVD risk is controversial.

Progestins are prescribed together with

oestrogens to protect the endometrium, and

some of the most commonly prescribed

progestins have been shown to oppose

partially the beneficial effect of oestrogens on

CVD risk markers.11 However, several

categories of progestins may be prescribed,

and there are striking differences according to

the type of molecules used.6,12,13

However, evidence-based medicine does

not rely on surrogate markers of risk and the

relationship between hormone replacement

therapy (HRT) and heart disease can be

demonstrated only by randomized controlled

trials (RCT) with cardiovascular events as

main outcomes.

Epidemiological data

Results from a large number of observational

studies over the last two decades have strongly

suggested that postmenopausal ERT protects

against cardiovascular disease. However, this

evidence is not based on randomized trials.

A number of epidemiological studies

performed since the early 1980s indicate

around a 50% reduction in cardiovascular

morbidity and mortality in women using

oestrogens after the menopause (Table

5.1).14–16 However, a selection bias in the

studies may account for this observation,

women who take oestrogens in the long term

are generally healthier than those who do

not.15,16

The selection bias hypothesis has been

reinforced by the recent results from the Heart

and Estrogen/Progestin Replacement Study

(HERS) research group, the first ever

published RCT of HRT for secondary

prevention of CVD. This study suggested that

in postmenopausal women with established

coronary heart disease (CHD) an HRT

regimen with conjugated oestrogens (CEE)

and medroxyprogesterone acetate (MPA) does

not protect from further CVD.17

In contrast, in most observational studies

of ERT and CHD, including studies

conducted in women with established

coronary disease,18,19 lower cardiovascular

morbidity and mortality were shown in users

of ERT. Observational studies of HRT

incorporating oestrogen and progestogen for

primary prevention of CHD are fewer than

studies of ERT,20–24 but some show a

reduction in the risk of CHD comparable to

the reduction in the risk of CHD in users of

HRT. The results from the observational data

showing a lower risk of CHD in hormone

users caused considerable debate about the

ethics of randomization of women to

hormone therapy, in which some subjects

would receive a placebo.
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In her comments on the HERS study,

Diana Petitti urged that caution be exercised

towards observational results for CHD in

users of ERT and HRT.25 She argued that

women with healthy behaviour, such as

following a low-fat diet and exercising

regularly, may selectively use postmenopausal

hormones. These differences in behaviour may

not be taken into account in the analysis of

observational studies because they are not

measured. Estimates of the relative risk of

CHD in hormone users will then be biased

towards finding a protective effect of hormone

use for CHD. Barrett-Connor26 demonstrated

such a prevention bias. In two different

randomized trials of drugs to prevent CHD,

the subjects who faithfully took their placebo

had a lower risk of CHD than subjects who

were noncompliant in taking placebo.27,28 The

subjects compliant in taking placebo had 50%

fewer cardiovascular events than

noncompliant subjects in the Coronary Drug

Project27 and in the Beta-Blocker Heart

Attack Trial.28 A similar reduction in the

relative risk of CHD was found in compliant

subjects compared with noncompliant

subjects taking active drug. Women included

in epidemiological studies using ERT or HRT
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Falkeborn 24 Cohort E 0.69 0.54–0.86
1992 E � P 0.53 0.30–0.87

Psaty 22 Case–control E 0.69 0.47–1.02
1994 E � P 0.68 0.38–1.22

Grodstein 20 Cohort E 0.6 0.43–0.83
1996 E � P 0.39 0.19–0.78

Barrett-Connor 16 Meta-analysis E 0.7 0.65–0.75
1998 25 studies* E � P 0.66 0.53–0.84

E � oestrogen only; E � P � oestrogen plus progestin combined HRT.
* includes the three studies above.

First author; Reference Type of Treatment Relative 95% CI
year study risk

Table 5.1
Key studies of combined HRT and ischaemic heart disease in postmenopausal women.



are compliant. Compliance bias is large

enough to explain entirely reductions in the

relative risk of CHD between users and non-

users of ERT and HRT of the magnitude

found in observational studies.25 In the study

of Horwitz et al 28 adjustment for multiple

known predictors of coronary disease did not

eliminate the decreased risk for coronary

disease associated with good adherence to

medication. Therefore, although the results

published by several observational studies 

are consistent, they may reflect consistent

biases.

Coronary heart disease

A recent meta-analysis by Barrett-Connor16

of 25 studies on the relationship between

HRT and CHD demonstrated a relative risk

(RR) for oestrogen users of 0.7 (95%

confidence interval (CI), 0.65–0.75) and

0.66 (95% CI, 0.53–0.84) for studies that

assessed combined HRT. A recent

epidemiological study analysing the relative

risk of myocardial infarction of

oestrogen/progestin users versus non-users

indicated a protective effect for all therapies as

compared to no treatment, even in the group

using levonorgestrel, one of the most

androgenic progestins used in HRT.24

Grodstein et al 20 reported the relationship

between cardiovascular disease and HRT

in 59,337 women followed for up to 16

years. Comparing the risk of major coronary
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heart disease for women who did not use

hormones, the relative risk was 0.6 (95% CI,

0.43–0.83) for women using oestrogens

alone and 0.39 (95% CI, 0.19–0.78) for

those using combined hormones. The

authors found no association between

stroke and use of combined hormones. For

this study, conducted in the United States,

the oestrogen used was mainly conjugated

equine oestrogens, and the progestin most

commonly used was MPA.

Although this large observational study is

in accord with the previous results of

Falkeborn et al 24 in Sweden and Psaty et al 22

in the United States, selection bias is 

possible.

The long-term randomized controlled

trials in progress have been designed to

eliminate such bias (Table 5.2).

Primary and secondary
prevention trials

Several ongoing randomized trials focus on

primary or secondary prevention of CHD.17,29,30

Of the large ongoing studies, the secondary

prevention trial of the HERS research group

is the first published. The other trials will

be completed early in the 21st century

(Table 5.2).



Long-term primary prevention
trials

The Women’s Health Initiative (WHI), in the

United States, and the Women’s International

Study of Long Duration Oestrogen after

Menopause (WISDOM), in Europe, are

designed as long-term primary prevention

trials and will enroll postmenopausal women

without coronary disease. Long-term follow-

up under treatment or placebo will help to

answer questions about the presumed

protective effects of HRT to prevent the

occurrence of CVD and CHD.

The WHI is a large multicentre trial

enrolling more than 160,000 postmenopausal

women. In one subgroup of 16,500

participants the effects of HRT will be

assessed. Women with a uterus will receive

oestrogen plus a progestin and

hysterectomized women will receive only

oestrogen. The WHI will conclude around

2005 but may give earlier interim data on

cardiovascular events.

The WISDOM trial is another primary

prevention study. Thirty-four thousand women

will be included from 12 European countries.

They will receive for 10 years either conjugated

equine oestrogen with or without MPA

depending on uterine status, or a placebo.
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Primary prevention
WHI CEE/MPA 164,000 2005
WISDOM30 CEE/MPA 34,000 2006

Secondary prevention
HERS CEE/MPA 2,763 1998

with CHD
WEST E2 652 ?

Angiographic trials
WELL-HART E2/MPA with CHD 2001?
ERA Placebo 309 2000

E/E � P

E2 = estradiol; E � oestrogen only; E � P � oestrogen plus progestin combined HRT.

Steroids Population Expected results
studied

Table 5.2
Key ongoing trials focusing on primary or secondary prevention of coronary heart disease.



Secondary prevention trials

The results of HERS do not support the

beneficial effect of HRT in secondary

prevention of CVD.17 This well-designed

randomized, double-blind, placebo-controlled

study evaluated the role of continuous

oestrogen (conjugated equine oestrogen)

plus progestin (medroxyprogesterone acetate)

in preventing recurrent CVD events in

2763 women with documented coronary

disease.

The women were followed up for 4.1 years

on average. The main objective of the study

was to determine whether HRT would reduce

the morbidity and mortality of cardiovascular

disease. The primary outcome was the

occurrence of non-fatal myocardial infarction

(MI) or CHD death.

During follow-up the same number of

events were recorded in both the treatment and

the placebo groups. The relative hazard (RH)

for a further event was 0.99 (95% CI, 0.8–1.2).

There was no significant difference between

groups in any of the secondary outcomes. This

lack of difference in outcomes was found

despite a net decrease in low density lipoprotein

(LDL) and an increase in high density

lipoprotein (HDL) cholesterol levels in the

hormone group.

The authors concluded that they do not

recommend starting HRT for secondary

prevention of CHD. However, they

considered it appropriate for women receiving

HRT to continue, as there appeared to be a

reduction of CHD in the treated group in the

latter part of the trial.

Among the numerous comments

published on the HERS study, Ong et al 31

highlighted the fact that most women

included in the HERS trial were enrolled

toward the end of the study period (mean 4.1

years; range 3.5–5.3 years). Since HRT was

found to induce early thrombotic events and

late beneficial effects (from year 3 onward),

insufficient long-term follow-up of the

patients recruited late in the study may have

biased the results.

Although at first glance the results of

HERS are disappointing, the following points

are important:

1. The findings of observational research

cannot be extrapolated to direct secondary

prevention.

2. Although the lipid hypothesis has

dominated our thinking, the mechanisms

of cardiovascular disease are likely to be

much more complex.

3. A negative result in secondary prevention

trials does not imply such an effect in

primary prevention. Postmenopausal

women without previous CHD may

respond to HRT differently to those with

CHD.

A more recent study has challenged the

assumption that HRT is cardioprotective.32
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Duke University researchers performed an

observational analysis of 1857 postmenopausal

women with coronary artery disease. Nearly

one-third of the women who started HRT

after myocardial infarction were hospitalized

with unstable angina within a year, compared

with 21% of those who were already taking

HRT and only 17% of those who were

never on HRT. The authors concluded, as

Hulley et al 17 previously did, that women

who have heart disease should not start using

HRT, but that there is no reason to suggest

that women should stop using hormones

if they develop heart disease while on 

therapy.

Angiographic trials

Angiographic trials are ongoing to compare

oestrogens with and without progestins to

placebo on the vessels of women with

previously documented CHD. These studies

may answer the question of whether HRT can

slow or even reverse the accumulation of

atherosclerotic plaque in the coronary arteries

by providing direct evidence of anatomic

changes in the arteries. The Estrogen

Replacement and Atherosclerosis (ERA) study

is a three-arm trial comparing a placebo

group, an oestrogen-only group (CEE), and

an oestrogen plus continuous progestin group

(MPA) in a total of 309 women. Angiographic

information will be obtained at baseline and

after three years of follow-up.* The Women’s

Estrogen/Progestin Lipid Lowering Hormone

Atherosclerosis Regression Trial

(WELL-HART) is examining the effects of

oral oestradiol with or without cyclic MPA on

progression of coronary stenosis.

Mechanisms of the protective
effect of sex steroids on the
arterial wall

From studies performed in the primate model,

it is now established that sex hormones may

prevent plaque formation and modulate the

vasomotor response of arteries, particularly the

coronary arteries. On the other hand, once the

vessels are atherosclerotic, oestrogen treatment

may have no effect on intimal hyperplasia or

arterial remodelling in the injured artery.33

In the cynomolgus monkey, it has been

shown that 17�-oestradiol preserves the

normal endothelium-mediated dilatation of

coronary arteries. However, whereas addition

of cyclic or continuous MPA to oestrogens

caused inhibition of vasomotor responses by

50%, natural progesterone and other non-

androgenic progestins did not reverse this

effect. Miyagawa et al 34 compared the effects

of progesterone and MPA on coronary artery
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*The results were published in August 2000. No difference was observed between placebo and active
treatment in the progression of coronary atherosclerosis and clinical cardiovascular events.40



vasospasm, and showed that progesterone plus

oestradiol protected against vasospasm but

MPA plus estradiol did not. The results of the

study of Williams et al 13 indicated that a non-

androgenic progestin, nomegestrol acetate, does

not diminish the beneficial effects of oestrogen

on the coronary dilator response in monkeys.

Therefore, it appears that not all progestins

act similarly on vasomotor tone. Different

HRT combinations may affect the vascular

reactivity in different ways. Current data

suggest that non-androgenic molecules appear

to be safer in this respect.

Unfortunately, most of the large ongoing

RCTs have selected the same HRT regimen

for their study design. In these circumstances

we shall not get clear answers about possible

beneficial effects of other treatment regimens.

Stroke and venous
thromboembolism

HRT has not been shown to be consistently

associated with either a reduced or increased

risk of stroke of either haemorrhagic or

thromboembolic origin.16

In recent observational studies current

users of HRT have been found to be at

increased risk of venous

thromboembolism.35–38 All the studies showed

an increased risk of deep venous thrombosis

and/or pulmonary embolism in women

currently taking HRT. The relative risks were

between 2.1 and 3.5 (Table 5.3).

The fact that risk appears to be

concentrated in the first year suggests that

some women, more sensitive or with

predisposing factors, will develop thrombotic

events with any HRT and then stop therapy,

whereas the rest will remain longer-term 

users.

The recent results of HERS indicate that

combined treatment with conjugated equine

oestrogens (CEE) and MPA increased the rate

of thromboembolic events in women with

previous CHD, as compared with placebo

(RH 2.89; 95% CI, 1.5–5.6).17 This double-

blind, randomized, placebo-controlled study

confirms the results of the observational

studies discussed above.

A further secondary prevention trial on

that specific end-point is ongoing; the

Women’s Estrogen for Stroke Trial (WEST)

includes 652 women and examines the effect

of 17�-oestradiol in women with documented

transient ischaemic attacks or stroke. The

primary outcome of the trial is stroke and/or

death during the 3 year study period.

Short-term trial using
surrogate markers of risk

A large randomized controlled trial study on

HRT and cardiovascular risk factors was

published recently.6 In the Postmenopausal

Estrogen/Progestin Intervention trial6 (the

PEPI trial), 875 postmenopausal women were

followed for 3 years in a randomized, double-
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blind, placebo-controlled study. The three

combined regimens of oestrogen and

progestin induced an increase in HDL levels

and a decrease in serum LDL levels. However,

the increase in HDL was partially reversed in

the groups where oral MPA was added to

oestrogens, whereas oral micronized

progesterone did not modify the oestrogen-

induced rise. The results for LDL with

oestrogen were not modified by the 

addition of a progestin, either MPA or

progesterone.

However, lipid levels are only a surrogate

marker of risk for CVD, accounting for only

part of the presumed preventive effect of

HRT. Large studies on indirect markers of

risk will not give the most relevant

information. This should be expected from

the randomized controlled trials looking at

CVD events as primary outcomes.
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Daly VTE 3.5
1996 Case–control (1.8–7.0)

Jick VTE 3.6
1996 Case–control (1.6–7.8)

Grodstein PE 2.1
1996 Cohort (1.2–3.8)

Perez-Gutthann VTE Adjusted
1997 Case–control (Odd ratios)

Unopposed 1.9
(1.0–3.8)

Opposed 2.2
(1.4–3.5)

Current use 2.1
(1.4–3.2)

VTE � venous thromboembolic events; PE � pulmonary embolism.

First author; Study Relative risk
year population (95% CI)

Table 5.3
Studies of venous thromboembolism with HRT.



Conclusion

The established indications for prescribing

HRT are well defined: symptom relief and

consequent improvement of quality of life.

The prevention of bone fractures and

CHD events remains controversial. Although

several studies have demonstrated the benefits

of oestrogen in decreasing postmenopausal

bone loss, only a few prospective studies have

shown actual prevention of fractures. For

CHD the findings from observational studies

are strong and consistent but several biases

have been identified, the strongest of which is

compliance bias. Although the secondary

prevention trial of the HERS group showed

no benefit for HRT in women with CHD

using a given hormonal regimen, we should

not extrapolate and refute the benefits of

treatment as a primary prevention in normal

postmenopausal women. The ongoing trials in

a low-risk population should provide answers

for the same hormonal regimen as in

HERS. Other large trials running in Europe

may indicate the effects of different hormone

regimens.

The mechanisms that mediate the rapid

non-genomic effects of oestrogen and the

longer-term effects of oestrogen on blood

vessels are not fully understood. However,

rapid progress in this field may lead to more

specific therapies such as oestrogens with

relative selectivity for the vasculature.39

Until these studies are concluded, we

should carefully evaluate risk factors for each

individual woman and select the most

appropriate therapy, favouring natural

oestrogens and non-androgenic progesterone

derivatives.
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Lipids, hormone replacement
therapy and cardiovascular
disease

David Crook

6
Introduction
The post-war development of analytical techniques such as

ultracentrifugation and electrophoresis enabled investigators

to look beyond the total lipid content of plasma and so gain

insight into the complexities of intravascular lipid transport.

Abnormalities of plasma lipoprotein levels were soon

identified in patients with endocrine, hepatic or renal diseases,

but the finding of a link with arterial diseases, such as

myocardial infarction, sparked the development of detection

and prevention strategies for these common but often

devastating disorders. As gender differences in the plasma

lipoprotein profile became apparent in the 1960s, a parallel

line of research developed: the study of the effects of

administered steroid hormones on lipoprotein metabolism.

Oestrogens and androgens induced substantial shifts within

the plasma lipoprotein profile that were in many ways

consistent not only with the gender difference in the incidence

of coronary heart disease (CHD) but also with emerging

reports of oral-contraceptive-induced vascular disease.1,2 Soon

steroid hormones were being referred to as ‘favourable’ or

‘unfavourable’ in terms of CHD risk, solely on the basis of

their metabolic effects.



The basic concept of ‘biochemical risk’ for

arterial disease has now been validated by

randomized placebo-controlled studies of

statin and fibrate drugs. Protection from

CHD has been demonstrated when such

drugs are used to normalize plasma levels of

low density lipoproteins (LDL), fasting

triglycerides or high density lipoproteins

(HDL).3 As yet there is no evidence for a

clinical benefit from reducing plasma levels of

lipoprotein(a) (Lp(a)), but such studies are

difficult to conduct in the absence of specific

Lp(a)-lowering therapies.

Postmenopausal hormone replacement

therapy (HRT) affects all aspects of

lipoprotein metabolism (Table 6.1), and so

there has been a strong temptation to attach

clinical significance to these changes, almost

to the extent of considering the plasma

lipoprotein profile as a biopsy of the coronary

artery. This enthusiasm is understandable,

since plasma lipoprotein levels are relatively

inexpensive to measure and can provide data

in small trials of only a few months’ duration.

In contrast, studies of hard clinical end-points

such as myocardial infarction cost millions of

pounds and rarely take less than a decade from

inception to publication.

Since plasma lipoproteins have become

increasingly used to assess HRT safety, it is

appropriate to audit their predictive strength

in the context of steroid-induced changes. For

postmenopausal HRT, the only randomized

placebo-controlled trial, the Heart
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Fasting triglycerides
Remnant lipoproteins
Postprandial triglyceride response
LDL, especially ‘small dense’ LDL
ApoB
Lp(a)
LDL oxidation
HDL
HDL subfractions
ApoAI

Table 6.1
Plasma lipoprotein risk factors for CHD influenced by
postmenopausal HRT.

Estrogen/progestin Replacement Study

(HERS)4 found no protection in CHD

patients treated with conjugated equine

oestrogens (CEE) and medroxyprogesterone

acetate (MPA). Indeed, MRT users

experienced a higher incidence of CHD in the

early years of the study. This would conflict

with the predictions of at least 50%

protection, considered in part to be due to

changes in plasma lipoprotein levels. In

healthy women the case for a protective effect

(perhaps at a lower level) remains persuasive.5

The Women’s Health Initiative,6 due to report

in 2005, should resolve this controversy.

The most obvious shortcoming to the use

of plasma lipoprotein levels to assess the CHD

risk of different postmenopausal therapies is

that such judgements do not address the

effects on other risk systems. These include



the nebulous associations with endothelial

function, coagulation and fibrinolysis, insulin

dynamics, growth factors and so on. This is

not to say that plasma lipoproteins are

unimportant: only that the extent of their

contribution is unknown at present. The

derivation of the figure of 30% as a

contribution of ‘lipids’ to the protection seen

in observational studies of HRT users5 is itself

rather puzzling. If all the mechanisms claimed

to be involved in the protective action of

HRT7 were in play then the disease would be

prevented many times over. Modern concepts

of plasma lipoprotein risk factors for

atherosclerosis include Lp(a), postprandial

lipaemia, oxidized lipoproteins, pre-� HDL

and so on. These have never been measured in

the context of an HRT study involving

clinical end-points of CHD and so it seems

premature to pin down the contribution of

‘lipids’ in such a way.

There is a second complication to what

was once a simple story. Some steroid-induced

changes in plasma lipoproteins (and other risk

factors) may be cosmetic; in other words when

closely scrutinized the apparent association

with CHD risk may fade. Perhaps the clearest

example is the increased fasting triglyceride

levels induced by oral oestrogens. Women

with high fasting plasma triglyceride levels are

at increased risk of CHD8 but kinetic studies

of the action of oral oestrogens on triglyceride

metabolism suggest that the large triglyceride-

rich lipoproteins induced by therapy are

rapidly catabolized and do not become

atherogenic.9 The effect of steroid hormones

on HDL, historically a major area of concern,

is also being re-evaluated.10 HRT-induced

changes in lipoprotein function may be more

important than changes in their plasma levels.

The effect of postmenopausal therapies on

the plasma lipoprotein profile has been

exhaustively reviewed over recent years11–13

and so only new or landmark citations will be

used.

HRT and plasma total
cholesterol

In general, postmenopausal therapies in

current use lower plasma total cholesterol

levels by up to 15%. In most individuals the

plasma total cholesterol level, largely

determined by the level of LDL, correlates

with the incidence of CHD within

populations. For a hypercholesterolaemic

patient, the plasma total cholesterol level can

be used to monitor the effectiveness of

therapy, but in the context of HRT-induced

changes it is of little use. For example, small

increases in the plasma total cholesterol level

might be due to an effect solely on HDL,

which, according to conventional concepts of

risk would not be considered to be

detrimental.
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HRT and low density
lipoproteins

Most cholesterol in human plasma is carried

bound to apoB100, contributing about 50% of

the mass of each particle. The primary role of

LDL is the transport of both dietary and

endogenously synthesized cholesterol to

peripheral tissues for use in the manufacture of

cell membranes and steroid hormones. The

cholesterol content of atherosclerotic plaques is

largely derived from LDL, but these

lipoproteins may need to be oxidatively

damaged in order to be atherogenic.

Peroxidation of LDL may lead to fragmentation

of the protein component and the formation of

reactive lipid species, impairing cellular uptake

through the apoB100/E receptor. Oxidized LDL

can also damage the endothelium and so impair

vascular function. As these LDL enter the

subendothelial space they may be subjected to

further oxidative damage and then be

complexed with other components of the

arterial wall, such as Lp(a) and

glycosoaminoglycans. ‘Small dense’ LDL may

be especially atherogenic, perhaps due to their

increased susceptibility to oxidative damage.

Women have lower LDL levels than men

do, but this gender difference is lost when

they pass through the menopause. Oral

therapy with CEE or 17�-oestradiol reduces

LDL cholesterol levels by 10–15%. Despite

initial reports of a lack of effect, transdermal

oestradiol reduces LDL cholesterol levels by
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about 5%14 and indeed a vaginal ring

developed as oestradiol therapy for

postmenopausal women also reduces LDL

levels.15 Raloxifene lowers LDL levels by 12%,

similar to the fall seen with oestrogen;16

tibolone has no effect on levels of either LDL

or apoB.17

Oestrogens reduce LDL levels by

upregulating apoB100/E receptors in the liver

and at other sites. Alternations in the synthesis

and clearance of LDL precursors, such as very

low density lipoproteins (VLDL) and

intermediate density lipoproteins (IDL), may

also be important. A further mechanism

involves restructuring of the LDL particles.

HRT-induced cholesterol depletion of some

particles, forming small dense LDL, has been

interpreted as an atherogenic effect.18

However, if the atherogenicity of these

lipoproteins results from their susceptibility to

lipid peroxidation, then the anti-oxidant

effects of oestrogen (see later) may counter

any such increase in risk.

High doses of androgens and androgenic

progestogens can increase LDL levels, both

by inhibiting the activity of apoB100/E

receptors and by stimulating the lipolytic

conversion of VLDL and IDL to LDL. In

practice, the progestogen types and doses

currently used in HRT may if anything lead

to further reductions in LDL cholesterol levels

(Fig. 6.1).19,20

Interpretation of the potential clinical

significance of these changes has been
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Figure 6.1
Randomized, placebo-controlled trial of the effects of oestrogen monotherapy and combined therapy on
plasma lipid and lipoprotein levels. Values are mean changes over three years.20

Treatment groups: (1) placebo; (2) CEE 0.625 mg/day; (3) CEE 0.625 mg/day plus cyclic MPA 10 mg/day for
12 days/month; (4) CEE 0.625 mg/day plus continuous MPA 10 mg/day; (5) CEE 0.625 mg/day plus cyclic
micronized progesterone, 200 mg/day for 12 days/month.

Abbreviations: CEE � conjugated equine estrogens; MPA � medroxyprogesterone acetate; Total chol � total
cholesterol; HDL chol � high density lipoprotein cholesterol; LDL chol � low density lipoprotein cholesterol;
Trig � fasting triglycerides.



advanced by the inclusion of women in CHD

prevention trials, until recently their gender

being an exclusion criterion.21 In 1998 the

results of two long-awaited trials of lipid-

lowering therapy were published. Treatment

of female CHD patients with pravastatin

reduced the risk of subsequent disease events

in one study.22 In a study of relatively healthy

individuals, the Air Force / Texas Coronary

Atherosclerosis Prevention Study

(AFCAPS/TexCAPS),23 997 women and 5608

men with low HDL levels but normal LDL

levels were treated with lovastatin or placebo.

LDL cholesterol levels fell by 25% and those

of HDL rose by 6%. The incidence of

primary cardiovascular end-points fell by 37%

after five years, with both men and women

being protected. Given this background, it is

disappointing that the 11% fall in LDL

cholesterol levels seen in HERS did not

protect those women from CHD.4

In general, the effects of postmenopausal

HRT on levels of apoB, the protein

component of LDL, are rather less striking

than are the effects on LDL cholesterol,

consistent with structural changes within the

particles. If, as is claimed, a woman’s apoB

level is a better predictor of her chances of

developing CHD than is her LDL cholesterol

level24 then the benefits of HRT-induced

reductions in LDL levels may well have been

overstated.

Oestrogens protect LDL from oxidation as

measured in vitro.25 The effect in vivo is more

controversial,26 but reduced levels of antibodies

to oxidized LDL have recently been shown in

HRT users.27 This finding strongly supports a

clinical significance of this oestrogenic action.

Oestrogen receptor mediated changes in the

expression of genes for the enzymes regulating

superoxide may be involved.28 Progestogens

have little effect on the ability of oestrogens to

protect LDL from oxidation.29 Tibolone

prevents LDL oxidation;30 the effect of

raloxifene is unknown at present.

HRT and lipoprotein(a)

Individuals with high plasma levels of the LDL

variant Lp(a) are at increased risk of CHD but

only if their LDL levels are also high.31 This

lipoprotein differs from LDL by virtue of an

additional peptide (apo(a)), covalently bound

to the single apoB100 molecule present in all

LDL. The metabolism of Lp(a) differs from

that of LDL. Lp(a) is not formed by VLDL

lipolysis, nor is uptake through the apoB100/E

receptor thought to be crucial. Apo(a) displays

a high degree of structural homology with

plasminogen, and may interfere with

fibrinolysis. There is also a link with

transforming growth factor � (TGF�), an

inhibitor of smooth muscle cell proliferation.

There may be a menopausal increase in

Lp(a) levels; the evidence for an increase

following oophorectomy is perhaps stronger.

Most postmenopausal therapies reduce Lp(a)

levels. In the PEPI study,32 0.625 mg/day
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CEE, either alone or in combination with

MPA or micronized progesterone, reduced

these levels by 17–23%. Raloxifene reduces

Lp(a) levels slightly (4%)16 whereas tibolone

reduces these levels by over 30%.33 The

mechanism behind these changes is

unresolved. There may be an effect on hepatic

apo(a) synthesis.34 Lp(a) has many

characteristics of an acute-phase protein, but

the changes induced by HRT do not correlate

with those in acid �-1 glycoprotein or

haptoglobin.35

The clinical significance of such changes is

difficult to predict. One attempt to retard

atherosclerosis by reducing plasma Lp(a) levels

with plasmapheresis failed.36 Overall, this

ability to influence Lp(a) metabolism must be

regarded as an attractive side-effect of HRT,

but enthusiasm must be tempered by the

caution that benefit will be seen only in those

women who have concomitantly high LDL

levels. A recent re-analysis37 of the HERS

database has identified a subpopulation of

women with elevated plasma Lp(a) levels in

which HRT may have been beneficial.

HRT and triglyceride-rich
lipoproteins

Oral oestrogens increase fasting plasma

triglyceride levels by increasing hepatic

secretion of VLDL apoB100. CEE has more

effect (about �30%) than does oral 17�

oestradiol (0–15%). Transdermal or

percutaneous administration of oestradiol does

not increase fasting triglyceride levels,

consistent with the ability of this route to

avoid acutely high steroid levels in the hepatic

portal vein. Indeed transdermal oestradiol

often reduces fasting triglyceride levels by

10–20%,14 consistent with the physiological

effects of this hormone—premenopausal

women tend to have lower fasting triglyceride

levels than do age-matched men. Some of the

progestogens currently used in HRT oppose

the increase in fasting triglyceride levels

induced by oral oestrogens, perhaps by

inhibiting VLDL production.38 The PEPI

study20 shows that the low doses of MPA and

natural progesterone only weakly oppose the

increase in fasting plasma triglyceride levels

induced by unopposed oral CEE (Fig. 6.1).

Raloxifene has no effect on fasting triglyceride

levels;16 tibolone reduces these levels by 25%.17

The increased fasting triglyceride levels

seen with oral oestrogen have always

conflicted with their ‘favourable’ image in

terms of plasma lipoprotein metabolism. It

has been argued that these changes are benign

as they involve increased synthesis of large

triglyceride-rich particles that are quickly

taken up by the liver.9 Such lipoproteins do

not enter the lipolytic cascade and so resist

conversion to ‘remnant’ lipoproteins and

other atherogenic species. This defense does

not exclude a detrimental effect mediated

through triglyceride metabolism: the issue of

secondary increases in factor VII activation
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needs to be addressed.39 It would be useful to

know if the striking falls in fasting triglyceride

levels induced by tibolone can be linked to a

fall in factor VII activation.

Fasting serum triglyceride levels are only

part of the story: the postprandial response to

dietary fat may be more important as a

predictor of CHD events. Oral oestrogen and

oestrogen/progestogen therapies improve

postprandial fat clearance,40,41 raising the

possibility that the increased fasting

triglyceride levels seen with some HRT

formulations divert attention from a

potentially beneficial effect on CHD risk.

There is an extremely rare risk of gross

hypertriglyceridaemia in genetically

predisposed women using oral oestrogens,

similar to that seen with oral contraceptives.42

This usually presents as severe and life-

threatening pancreatitis.

HRT and high density
lipoproteins

Oral therapy with CEE (0.625 mg/day) or

17�-oestradiol (1–2 mg/day) increases HDL

levels by about 10%. Higher doses induce

only slightly greater increases in HDL,

implying that the underlying mechanisms are

becoming saturated. The major mechanism

involves increased hepatic synthesis of apoA1,

the major structural protein of HDL.43,44

Although oestrogens also inhibit the activity

of hepatic lipase, a key enzyme in HDL

catabolism, this effect may have limited

significance in vivo.43 Transdermal oestradiol

has little or no effect on HDL levels,14

consistent with the lack of an acute effect on

hepatic protein synthesis.

Progestogen can modulate oestrogen-

induced increases in HDL, according to their

type (C-19 versus C-21), their dose, and the

balance of these factors with the type and dose

of oestrogen. The route of administration of

the progestogen has rather little impact. One

difficulty in assessing the effects of different

therapies on HDL is that clinically equivalent

doses of progestogen are rarely compared.

Progestogens structurally related to

testosterone, such as levonorgestrel, can

overcome oestrogen-induced increases in

HDL levels45 but the effect of the low doses in

current use are less striking. For example, we

recently evaluated an oral

oestradiol/levonorgestrel intrauterine system

for menopausal therapy.46 HDL levels were

unchanged by this combination, but they

were similarly unchanged in a group treated

with a low-dose oral oestradiol / oral

levonorgestrel combination.

In the PEPI study,20 CEE (0.625 mg/day)

increased HDL cholesterol levels by 12% after

six months (Fig. 6.1). Addition of MPA, either

cyclically (10 mg/day for 12 days/month) or

continuously (2.5 mg/day), blunted these

increases, resulting in net increases of 3–5%.

Micronized progesterone (200 mg/day for 12
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days/month) was associated with less opposition

to the oestrogenic effect and HDL cholesterol

levels rose by about 7%. This and other

controlled clinical trials show that progestogens

such as levonorgestrel, norethisterone, and MPA

oppose oestrogenic-induced increases in HDL,

even when given at low doses in continuous

regimens. This effect has been linked to

increased hepatic lipase activity and the

promotion of HDL catabolism. ApoA1

synthesis may also be affected. Progesterone,

dydrogesterone, and related steroids have

substantially less effect and maintain the

oestrogenic increase in HDL levels. Raloxifene

has no effect on HDL levels16 while tibolone

reduces HDL cholesterol (and apoA1) levels by

20–25%.17

In theory, the oestrogenic increase in

plasma HDL levels is desirable. Experimental

atherosclerosis is blocked in mice

overexpressing the transgene for apoAI and

in cholesterol-fed rabbits injected with HDL,47

and the increased HDL levels seen in placebo-

controlled trials of patients treated with

gemfibrozil (a fibrate drug) have been linked to

a lower incidence of CHD events.48

Whether the reverse is true—that

HDL-reducing steroids are atherogenic—is

quite a different matter. Reducing HDL levels

in mice by inserting the transgene for hepatic

lipase protects them from diet-induced

atherosclerosis.49 Steroid hormones may well

operate through other determinants of the

plasma HDL level, such as phospholipid

HRT and high density lipoproteins 79

transfer protein, cubulin, scavenger receptor

BI (SR-B1) or the ATP-binding-cassette

transporter 1 (ABC1) (Table 6.2). SR-B1

appears to be particularly oestrogen

responsive.50 If any of these mechanisms are in

play then the clinical interpretation of

HRT-induced changes in plasma HDL levels

may need major reconsideration. For example,

the very low plasma levels of HDL seen in

hypercholesterolaemic mice overexpressing the

transgene for SR-B1 are associated with

almost total protection from diet-induced

atherosclerosis.51

The current epidemiological database also

suggests that the conventional views on HRT

and lipoprotein metabolism may be too

simplistic. Combined therapies appear (in

non-randomized studies) to prevent CHD risk

as strongly as does unopposed oestrogen,52

despite the blunting of the HDL increase. In

the single randomized, placebo-controlled trial

of clinical events (HERS), the 10% increase in

Apolipoprotein synthesis (AI, AII, etc)
HDL assembly
LCAT
CETP
HL
LPL
Cubulin
SRB1
ABC1
Other putative receptors

Table 6.2
Potential determinants of plasma HDL levels



HDL levels seen with combined therapy had

no clinical effect.4

Hormone replacement therapy
for dyslipidaemia

The ability of oral oestrogen to lower LDL

levels, even against the background of a low-fat

diet,53 raises the issue of their use in

hypercholesterolaemia. Following initially

promising results, various double-blind

comparative studies with conventional lipid-

lowering drugs have now been completed. In

general, these show that oral HRT on its own

rarely achieves the LDL cholesterol target levels

defined by national policies but, as would be

predicted, has useful effects on HDL and Lp(a)

which may be matched by potentially unwanted

increases in fasting triglycerides.54,55 The

influence on postprandial lipaemia (see above)

needs to be considered.

Combinations of HRT with statins54,56–58

may have some advantages over statin

monotherapy. Thus HRT is no substitute for

conventional lipid-lowering therapy, but the

combination with drugs such as statins may be

useful. One complication here is that pre-

existing CHD may well be the stimulus for

starting lipid-lowering therapy in

postmenopausal women; in such cases the

adverse effects on vascular disease seen in

HERS4 need to be addressed. Statin therapy

prevents CHD in women; HRT has the

potential to do so.
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Hormone replacement therapy
and vascular flow

Michael S Marsh

7
Introduction

The majority of women seek hormone replacement therapy

(HRT) for control of climacteric symptoms but many women

are now considering using HRT for its long-term effects. It is

clear that HRT reduces the rate of osteoporotic fracture but

the possible importance of the effects of HRT on

cardiovascular disease are less well understood by both

physicians and patients. A recent survey1 of 337

perimenopausal and postmenopausal women (mean age 50

years) who had graduated from Stanford University in the late

1960s examined their expectations of future health. When

asked about their risk of developing coronary artery disease,

three-quarters of the women thought that their risk by age 70

was less than 1%. Their true lifetime risk of developing

coronary artery disease is as high as 50%.

Cardiovascular disease is the commonest cause of mortality

in the Western world. It is responsible for 50% of all female

deaths. There is now considerable evidence that oestrogen

replacement therapy (ERT) users have almost half the

incidence of coronary heart disease (CHD) than non-users2–4

and, although health behaviour and compliance differ



between users and non-users of ERT, it is

likely that the difference in CHD incidence is

due to an effect of oestrogen.

In women who have not had a

hysterectomy HRT is usually administered in

combination with progestogen to prevent

endometrial carcinoma.5 Studies of the effects

of progestogens on risk markers for

cardiovascular disease suggest that

progestogens oppose some of the

cardiovascular benefits of oestrogens on risk

markers while enhancing others. It is at

present not clear if the progestogens

commonly used in HRT regimens will reduce

or abolish the likely beneficial impact of

oestrogen replacement on the incidence of

CHD in postmenopausal women.

Synthetic progestogens bind to

progesterone receptors but exhibit differing

degrees of androgenicity. In general, C-21

steroids derived from progesterone have a high

affinity for progesterone receptors and have

minimal androgenic activity, whereas

progestogens derived from testosterone and

19-nortestosterone have more androgenic

activity. It is likely that the cardiovascular

effects of different progestogens are in part

related to their differing androgenicity.

Progestogens may be added to oestrogen to

protect the endometrium either sequentially

or every day in a continuous combined

regimen. The time course of progestogen used

in an HRT regimen may be as important as

the type of progestogen. The progestogen-free

days in a cycle of sequential HRT may be

time when oestrogenic effects on

cardiovascular risk markers predominate. Such

periods may not occur in continuous

combined regimens of HRT.

Evidence for the effect of
oestrogen replacement
therapy on CHD risk

Although two hospital case–control studies

have found no effect of oestrogen use on heart

disease6,7 and one found an increased risk,8

most case–control studies have shown a

reduced risk in ERT users. Two of the studies

showing no beneficial effect were limited to

women under 50 years6 and 46 years of age.8

It is unlikely that these findings can be

generalized to the whole postmenopausal

population. The relative risks from

community-based case–control studies range

from 0.3 to 0.9.9–11 In only one11 was the

relationship statistically significant.

Prospective studies of ERT use also

support a beneficial effect. Bush and co-

workers3 reported an age-adjusted relative risk

of myocardial infarction (MI) among users

compared with non-users of 0.34 (CI

0.12–0.81), which was little affected by risk

factor adjustment. The Nurses Health Study12

reported a relative risk of MI for ERT ever

users compared with never users of 0.5 (CI

0.3–0.8). The relative risk in current versus

never users was 0.3 (CI 0.2–0.6). The relative
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risk in past users versus never users was 0.7 but

was not significant, suggesting that the effects

of oestrogen HRT may disappear after

treatment is withdrawn. Adjustment for risk

factors did not substantially change the risk

estimates. Further follow-up of these women

for up to 10 years13 and 16 years14 showed

similar results. Studies that compared the

extent of coronary artery occlusion at

arteriography between ERT users and non-

users have shown decreased stenosis in ERT

users.15–17 (See Fig. 7.1.)

There is evidence that oestrogen-only

hormone replacement may be useful in the

secondary prevention of coronary heart

disease. Sullivan and co-workers18

retrospectively followed up for 10 years 2268

women aged over 55 years who had

undergone angiography. Subjects were divided

into those with less than 70% coronary artery

stenosis (n = 644), those with more than 70%

(n = 1178), and those without stenosis 

(n = 446). The end-point was mortality from

all causes. At 10 years the survival for HRT

users and never users was 97% and 60%,

respectively (P = 0.007), in the group with the
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Study type

Hospital case–control

Population case–control

Prospective internal control

Cross-sectional
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All studies combined

Benefit No benefit
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0.0 0.5 1.0 1.5 2.0

Figure 7.1
Relative risk and 95% confidence interval estimates of coronary disease associated with ERT use. (Modified
with permission from Stampfer MJ, Colditz GA. Estrogen replacement therapy and coronary heart disease: a
quantitative assessment of the epidemiological evidence. Preventive Medicine 1991; 20: 47–63.)



most severe stenosis. Significant differences

were also seen in the women with less severe

stenosis. However, the authors acknowledged

that there were problems with the study, e.g.

never users of HRT were older and smoked

more than users.

Evidence for the effect of
oestrogen and progestogen
replacement therapy on CHD
risk

In most trials of the effects of HRT discussed

above, progestogen use was infrequent.

However, in two prospective studies

progestogen use was more common. Hunt

and co-workers19 studied mortality secondary

to a variety of causes in 4544 postmenopausal

women attending specialist menopause clinics

and compared them with those expected for

the general female population of England and

Wales, matched for age. HRT takers had all

used HRT for at least 1 year. Forty-three per

cent of the treatments incorporated a

progestogen. Recruitment started in 1978 and

mortality was assessed in 1984 and 1988. The

relative risk of mortality from ischaemic heart

disease at the first follow-up was 0.48 (CI

0.29–0.74), and 0.41 (CI 0.24–0.84) at the

second. It is very likely that the menopause

clinic attenders in this study were more health

aware and health compliant than the general

population.

Falkeborn and co-workers20 followed up

23,174 women for an average of 5.8 years.

They determined HRT use by questionnaire

and from pharmacy records. The median age

at entry was 53.9 years. The relative risk of

admission to hospital with first MI for HRT

ever users compared with never users was 0.81

(CI 0.71–0.92). Of these women 11% had

received progestogens. In the subgroup of

women who were less than 60 years of age and

who received oral oestradiol/levonorgestrel

HRT the relative risk was 0.53 (CI 0.3–0.87).

In the recent report from the Nurses

Health Study Grodstein and co-workers14

specifically addressed the question of CHD

and oestrogen/progestogen use in a 16 year

follow-up of 59,337 women who were 30–55

years of age at baseline. From 1976 to 1992

there were 770 cases of myocardial infarction

or death from coronary artery disease. These

authors reported less risk of major coronary

heart disease among women who took

oestrogen with progestogen (multivariate

adjusted relative risk 0.39; 95% CI

0.19–0.78) or oestrogen alone (relative risk

0.60; 95%, 0.43–0.83), as compared with

women who did not use hormones. It is likely

that the large majority of women using

oestrogen–progestogen therapy in this study

were using a sequential regimen.

The results of the first randomized,

controlled trial on hormone replacement

therapy in the secondary prevention of

cardiovascular disease were published

recently.21 A total of 2763 postmenopausal
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women with established coronary artery

disease (mean age 67 years) were randomized

to receive either placebo or continuous

combined conjugated equine estrogens (CEE)

0.625 mg/day plus medroxyprogesterone

acetate (MPA) 2.5 mg/day. The average

follow-up was 4.1 years and the primary

outcome was non-fatal MI or any other

CHD-related death. The incidence of CHD

events with hormone replacement therapy or

placebo during the 5 year observation period

was not different. The lack of a clear

secondary prevention of coronary artery

disease with hormone replacement therapy

occurred despite a net 11% lower low density

lipoprotein (LDL) level and 10% higher high

density lipoprotein (HDL) level in the

hormone group compared with the placebo

group.

Mechanisms for the effect of
HRT on CHD

The mechanisms by which ERT reduces the

risk of myocardial infarction are not

completely understood but the effect is likely

to be partly via an effect on atherosclerosis.

Postmenopausal women who take HRT

appear to have less atherosclerosis than those

who do not. In a recent study22 of the

prevalence and the extent of carotid

atherosclerosis measured by ultrasound, 2588

postmenopausal women participated in a

population health survey. Women with late

menopause and women who had ever used

postmenopausal oestrogens had significantly

less atherosclerosis than women with early

menopause and those who had never used

oestrogen. It is uncertain whether such

differences owe to the effect of oestrogens on

lipids and lipoproteins (Chapter 6) and

insulin metabolism (Chapter 8) or to direct

vascular effects.

Direct vascular effects of 
HRT
Oestrogens and blood pressure

Oral natural oestrogens do not appear to cause

a mean rise in blood pressure (BP)23,24

although in a small number of women (less

than 2%) the BP will rise at the beginning of

therapy.25 The effect to increase BP may be

mediated via renin substrate, which may be

less affected by low-dose oral or transdermal

therapy than by high-dose oral therapy.

A 3 year prospective randomized double-

blind placebo-controlled study examined the

effect of HRT on blood pressure in 875

postmenopausal women over 3 years.26

Subjects were treated with CEE 0.625 mg/day

combined with either MPA or micronized

progesterone given sequentially or

continuously. Mean systolic blood pressure

rose in all groups, including those assigned to

placebo. There were no significant differences

in the change in systolic blood pressure
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between women receiving HRT or those

receiving placebo. Mean diastolic blood

pressure did not change. Hormone

replacement therapy is not obviously contra-

indicated in hypertensive women, although

careful supervision is needed.

Oestrogens and the vasculature

It seems clear that oestrogens have direct

effects on blood flow and arterial tone. Effects

such as reduced resistance to blood flow and

increased vessel elasticity may lower MI risk

either by reducing the likelihood of acute

coronary artery vasospasm or by lessening

atheroma formation.

Oestrogen receptor associated protein has

been found in the arterial wall muscularis.27

and oestrogens are known to cause release of

vasoactive substances such as prostacyclin28

and nitric oxide.29 Oestradiol has an

ionotropic effect in animals, increasing cardiac

output and causing systemic vasodilatation.30

Acute administration of oestrogen at a dose

higher than those used in HRT appears to

reduce myocardial ischaemia in women with

coronary artery disease.31

In a series of studies using Doppler

ultrasound to measure parameters of flow it

has been demonstrated that oestrogens

administered to postmenopausal women

reduce the pulsatility index (PI), a measure of

downstream impedance to flow, in the

uterine32,33 and internal carotid arteries.34 The

effect on the internal carotid artery occurs

with oestrogens delivered either

transdermally34 or orally.35 (See Fig. 7.2.)

A recent study using a different

methodology has confirmed these effects on

parameters of blood flow in other vessels. In a

double-blind study of the vascular reactivity of

the brachial artery, Al-Khalili and co-

workers36 randomized 11 postmenopausal

women to receive 2.5 or 5 mg of conjugated

oestrogen or placebo intravenously. The

reactive hyperemia of the brachial artery was

studied before and 30 minutes after

administration. The flow-mediated

vasodilation at baseline before drug

administration was 1.8%, after an average

400% increase in local blood flow.

Conjugated oestrogen at a dose of 2.5 mg

caused an increase in flow-mediated

vasodilation from 1.8% at baseline to 5.4%

after infusion (P < 0.05 versus placebo),

whereas 5 mg caused an increase from 1.9% at

baseline to 7.0% (P < 0.05 versus placebo).

It appears that the short-term effects of

oestrogens on vascular tone are not related to

changes in lipids and lipoproteins. In a recent

double-blind, double-dummy placebo-

controlled 6 month study37 45 apparently

healthy Caucasian non-obese non-smoking

hysterectomized postmenopausal women were

recruited who had not received HRT for at

least 3 months. They were randomized to

receive either transdermal 17β-oestradiol 

50 µg/day (Estraderm TTS 50 patches, Ciba-
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Geigy, Horsham, UK) and placebo tablets, or

conjugated equine oestrogens 0.625 mg/day

(Premarin, Wyeth-Ayerst, Maidenhead, UK)

and placebo transdermal patches, or placebo

versions of both oestrogens. Internal carotid

artery PI fell in all three groups but

significantly more so than placebo in those

women receiving oral or transdermal therapy.

Lipids and lipoproteins were also studied.

Transdermal and oral therapy had markedly

different effects on serum triglcyerides —

transdermal therapy lowering triglycerides by

11–14% whereas oral therapy increased

triglycerides by 27–40%. The two forms of

oestrogen therapy also differed in their effects

on serum LDL and HDL cholesterol. Serum

LDL cholesterol was not altered by

transdermal therapy but was reduced by

approximately 15% by oral therapy. Oral

therapy increased serum HDL by 14–21%, of

which the greater increase was seen in the

HDL2 subfraction. There was a small but

non-significant fall in serum HDL with

transdermal therapy, accounted for by a fall in

HDL3 and no change or a small increase in

HDL2. Most importantly, neither the

Direct vascular effects of HRT 91

Figure 7.2
Ultrasound screen view during measurement of carotid artery pulsatility index. Image at the top left shows
identification of internal and external carotid arteries (shown in purple) by colour flow mapping. Doppler
ultrasound waveform is shown below.



direction nor magnitude of the changes in PI

were related to any of the changes in lipids or

lipoproteins.

The mechanism for the effect of oestrogens

on the vasculature may be via endothelium-

dependent or endothelium-independent

mechanisms. An endothelium-dependent

effect is supported by the findings of Williams

and co-workers.38 Oophorectomized

cynomolgus monkeys fed with an atherogenic

diet showed a paradoxical constriction of

coronary arteries in response to acetylcholine

compared with the usual endothelium-

dependent coronary vasodilatation seen in

animals on a normal diet. However,

oophorectomized monkeys fed with an

atherogenic diet given oestrogens showed the

normal vasodilatory response to acetylcholine,

suggesting an oestrogen effect on endothelial

function.

Similar effects have now been shown in

humans. Collins et al 39 studied responses of

coronary arteries to acetylcholine in women

with coronary artery disease. There was a

paradoxical constriction of the diseased

arteries to acetylcholine but this response

normalized to a dilatation response following

intracoronary infusion of 17β-oestradiol. This

dilatation was accompanied by a significant

increase in coronary flow.

There is some evidence that oestrogens act

independently of the endothelium, possibly by

acting as a calcium antagonist. 17β-oestradiol

has also been shown to relax rabbit coronary

arteries constricted by endothelin-1, and it has

also been found to inhibit inward calcium

currents and reduce intracellular free calcium

in isolated cardiac monocytes.40,41 The arterial

vasodilatation produced by the addition of

17β-oestradiol to isolated rabbit coronary

rings is still seen when the vascular

endothelium is removed42 and the

vasoconstriction produced by increasing the

calcium concentration is antagonized in a

dose-dependent manner by 17β-oestradiol.40

However, a recent43 double-blind placebo-

controlled crossover trial of vascular reactivity

in the brachial artery in 13 postmenopausal

women demonstrated an endothelium-

dependent effect of oestrogens but failed to

show an endothelium-independent effect.

Women aged 44–69 years (mean 55 years)

were randomized to receive placebo, oral

oestradiol 1 mg/day, or oral oestradiol 

2 mg/day for 9 weeks. High-resolution

ultrasonography was used to measure vascular

reactivity in the brachial artery. Endothelium-

dependent vasodilatation was determined by

measuring the change in brachial artery

diameter during increases in flow induced by

reactive hyperemia. Endothelium-independent

vasodilation was measured after sublingual

nitroglycerin was administered. Flow-

mediated, endothelium-dependent

vasodilation of the brachial artery was greater

when patients received oestradiol (13.5% and

11.6% for 1 mg and 2 mg doses, respectively)

than when patients received placebo (6.8%; 
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P < 0.05 for each dose compared with

placebo). In contrast, oestrogen

administration had no effect on endothelium-

independent vasodilation as assessed by

sublingual nitroglycerin. 

Vascular function may be affected by

changes in angiotensin II and kinins mediated

by angiotensin-converting enzyme (ACE).

Elevation of serum ACE is associated with an

increased risk of coronary heart disease.43

Proudler et al 44 demonstrated that ACE

activity fell by 20% in 28 women treated with

continuous combined oestradiol and

norethisterone therapy over 6 months, but

remained unchanged in a control group of 16

untreated women.

The effect of progestogens on the
vasculature

It appears that progestogens can reverse the

effects of oestrogens on vascular flow,

although some studies do not report such an

effect. Differences in study design and

methods of assessing parameters of vascular

flow may explain differences between studies.

In a study of sequential HRT

incorporating norethisterone45 it was found

that the uterine artery PI was higher (by about

13%) during the oestrogen plus progestogen

phase than during the oestrogen-only phase in

both cycles, but still remained lower (by

approximately 33%) than before treatment. In

contrast to studies of oestrogen use alone on

PI a recent study46 of carotid artery blood flow

failed to demonstrate an overall effect on PI

with oestrogen and progestogen HRT,

suggesting that progestogens obtund the effect

of oestrogens. Fifty healthy women 6 months

postmenopausal were randomized to receive

either placebo or 2 mg oestradiol (E2) for 12

days, to which was added 1 mg norethisterone

acetate for 10 days, followed by 1 mg E2 for 6

days, cyclically over 6 months. The placebo

group took placebo for the first 3 months and

active treatment for the last 3 months.

Pulsatility index did not decrease significantly

in the common internal or external carotid

arteries during 6 months of HRT in this

study.

In contrast, the study of Penotti and co-

workers47 reported a rise in PI with time in

women taking placebo but no change in PI in

women using a sequential therapy in which

progestogen was used for 12 days every 2

months. Doppler ultrasonography was used to

measure PI of the internal carotid and middle

cerebral arteries of 23 women who received

continuous transdermal oestradiol

replacement therapy (50 µg/day) to which was

added medroxyprogesterone acetate 

10 mg/day for 12 days every second month

for 6 months in a 12 month crossover design.

In the first 6 months the PI rose in the

patients on placebo but did not change in

those receiving HRT. After the crossover the

PI dropped to values similar to those at

baseline in the patients who resumed HRT
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and increased in those who stopped active

therapy. The increase in PI in the placebo

group over a relatively short time has not been

reported in other studies.

Another study48 comparing effects of oral

and transdermal HRT on carotid and uterine

artery vascular impedance also found no major

effect of progestogen. Sixty-three

postmenopausal women were randomized to

12 months’ treatment with oral or

transdermal sequential combined HRT. In 30

women, Doppler measurements were taken in

the oestrogen–progestin combined phase. The

carotid and uterine artery PI decreased with

both regimens. Addition of norethisterone

acetate did not appear to counteract

oestrogen-induced falls in carotid and uterine

PI in either group.

No effect of progestogen was seen in a

recent prospective randomized operator-

blinded controlled study of 68 women who

had undergone surgical menopause.49 Women

were randomized to no treatment, oral

oestrogen, continuous combined oestrogen

and progestogen, or transdermal oestrogen.

The PI of the brachial, dorsalis pedis,

popliteal, and radial arteries were measured

before treatment and after 2 and 6 months of

treatment. There was a significant reduction

in the PI in at least one of the four arteries

after 2 months of HRT in all the treatment

groups but not in the control group.

Using a different methodology the effect

of natural progesterone was recently examined

by Gerhard and colleagues.50 In a small

placebo-controlled crossover trial study of

postmenopausal women with mild

hypercholesterolemia, subjects were

randomized to receive transdermal oestradiol,

with or without vaginal micronized

progesterone. To assess endothelium-

dependent vasodilation, brachial artery

diameter was determined at baseline and after

a flow stimulus induced by reactive

hyperemia. During oestradiol therapy, reactive

hyperemia caused an 11.1% change in

brachial artery diameter compared with 4.7%

during placebo therapy (P < 0.001).

Progesterone did not significantly attenuate

this improvement. During combined

oestrogen and progesterone therapy, flow-

mediated vasodilation of the brachial artery

was 9.6%, which was not significantly

different from the changes seen with

oestradiol alone.

In contrast, in a recent study designed to

compare the effects of the C21 progestogen

dydrogesterone and the C19 testosterone

derivative norethisterone on carotid artery PI

Luckas and colleagues51 found an effect of

progestogens on PI. They used a randomized

double-blind crossover design and reported

that addition of progestogen resulted in a

significant increase in the carotid artery PI

from a median value of 1.67 during the

oestrogen-only phase to 1.77 (P = 0.02)

during the combined phase. This was seen

with both dydrogesterone and norethisterone
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and there was no significant difference in the

size of the effect caused by either progestogen.

The time course of the effects of

norethisterone acetate on uterine artery PI has

been reported.52 Nine postmenopausal women

were treated with either transdermal 17β-

oestradiol 0.1 mg/day or CEE 1.25 mg/day,

to which norethisterone acetate 0.7 mg/day

was added for 12 days in a single 28 day cycle

of therapy (see Fig. 7.3.). Uterine artery PI

was measured every 3–5 days over one

treatment cycle. Compared with the

oestrogen-only phase of the treatment cycle,

norethisterone acetate increased the mean

uterine artery PI by 30%. Importantly, the PI

fell significantly within 4 days of ceasing

progestogen.

In summary, several studies support the
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hypothesis that progestogens partially reverse

the actions of oestrogens on vascular

resistivity, and there is evidence that this effect

is shortlived.52 Regimens of continuous

combined HRT, in which oestrogen and

progestogen are each given daily, may reduce

the beneficial vascular effects of oestrogen on

each day of treatment. Such an effect is

compatible with the results of the Heart and

Estrogen/Progestin Replacement Study

(HERS) that used continuous combined

HRT. Despite beneficial effects on lipids and

lipoproteins there was no reduction in

coronary artery disease.

Tibolone

There are little published data on the effects of

tibolone on blood flow, and further work is

needed. It has been demonstrated that

tibolone increases cardiac output without

increasing the heart rate, leading to an

increase in blood flow through capillaries as

well as the larger arteries of the upper

extremities.53,54 In a pilot study, tibolone was

reported to reduce exercise-induced

myocardial ischemia in postmenopausal

women with angina pectoris, comparable to

the changes seen with oestrogens.55 From

studies in the cholesterol fat rabbit model for

atherosclerosis prevention it appears that

tibolone could also preserve the ability of the

vessel wall to relax or dilate.56

Summary

The evidence for a beneficial effect on CHD

risk when oestrogens are used alone as HRT is

considerable, but the effects of oestrogens and

progestogens are less clear. The recent HERS

study puts into doubt the use of continuous

combined HRT for the secondary prevention

of CHD. It appears that oestrogens reduce

vascular resistance to flow, which is likely to

be a mechanism for reducing atheroma

formation and acute vasospasm. The effect of

added progestogen on this mechanism is still

uncertain. The androgenicity of a progestogen

to a certain extent predicts its effects on serum

lipids and lipoproteins. It is not known

whether the androgenicity of a progestogen

predicts the magnitude of its effects on

vascular tone in a similar manner.
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Hormone replacement therapy
and carbohydrate metabolism

John C Stevenson

8
Cardiovascular disease incidence increases with age in women

as well as in men, but in women there is an additional increase

owing to the menopause.1 Indeed, women have more than a

three-fold increase in risk of atherosclerosis after a natural

menopause.2 Cardiovascular disease is the leading cause of

death in women, and loss of ovarian hormones at the

menopause is a major risk factor for this disease, particularly

coronary heart disease (CHD).1,3,4 Loss of ovarian function

results in an increase in various CHD risk factors which form

a metabolic syndrome.5 These include adverse changes in

lipids and lipoproteins, glucose and insulin metabolism, body

fat distribution, coagulation and fibrinolysis, an increase in

uric acid, and deterioration in vascular endothelial function.

There appears to be a clustering of metabolic risk factors in

patients with CHD, and it has been proposed that insulin

resistance and hyperinsulinaemia are pivotal disturbances.6,7

Hormone replacement therapy (HRT) might therefore be

expected to reverse these changes, thereby reducing the

increased cardiovascular disease risk. 



Insulin resistance and CHD
risk

Insulin resistance is tissue resistance to insulin

action, whether this is in terms of glucose or

lipid metabolism, or the vasodilatory actions

of insulin. Insulin resistance is usually

accompanied by hyperinsulinaemia. Insulin

promotes smooth muscle cell proliferation and

arterial lipid deposition, and hence may be

involved in the pathogenesis of atheroma.8

Insulin resistance has conventionally been

defined as the change in glucose elimination

rate elicited by a unit change in insulin

concentration. It is difficult to quantitate, and

only two methods used in clinical practice

provide a true measure of insulin sensitivity

(the inverse of insulin resistance).9 These are

the euglycaemic hyperinsulinaemic clamp and

the minimal model analysis of glucose and

insulin profiles obtained during an

intravenous glucose tolerance test (IVGTT),

and the two methods correlate closely with

each other.10 The euglycaemic

hyperinsulinaemic clamp utilizes a constant

intravenous infusion of insulin and a varying

intravenous infusion of glucose. Though it

gives a true estimate of insulin sensitivity, the

method is extremely labour intensive and time

consuming, and it is also non-physiological.

The minimal model utilizes the non-steady-

state glucose and insulin responses to an

intravenous glucose bolus to provide a

measure of the constant that best relates

change in glucose elimination to change in

insulin concentration in the plasma. Although

the clinical technique is straightforward, and

the insulin response is physiological, the

mathematical modelling is complex and

requires skilled and experienced operators.

Furthermore, this technique may not be valid

in diabetics. A number of surrogates for the

assessment of insulin resistance have been

proposed and used, but they do not accurately

reflect true insulin sensitivity, which greatly

limits their usefulness. For example, decreases

in fasting glucose and insulin concentrations

are often interpreted as reflecting reduced

insulin resistance, yet they may actually reflect

the opposite.11

The effects of sex hormone deficiency and

replacement on glucose and insulin

metabolism may be of considerable

importance for CHD risk. Diabetic women

have a higher incidence of CHD than diabetic

men,12 and mortality from ischaemic heart

disease in diabetic women is increased three-

fold compared with non-diabetics.13 Apart

from frank diabetes, lesser degrees of glucose

intolerance are still predictive of subsequent

CHD (Welborn and Wearne, 1979; Jarrett et

al, 1982; Fuller et al, 1983; Donahue et al,

1987).14–17 Protein glycosylation is a possible

mechanism linking elevated glucose levels

with CHD in diabetics, but the increased risk

seen in those with lesser degrees of glucose

tolerance is more likely to be mediated

through insulin resistance and
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hyperinsulinaemia. Elevated insulin

concentrations are frequently found in both

men and women with coronary heart

disease,18,19 and appear to be owed to insulin

resistance.19 We have also demonstrated

increased insulin resistance in both men20 and

women21 with cardiological syndrome X.

Hyperinsulinaemia may increase CHD

risk by directly promoting atherogenesis, and

insulin propeptides may be of importance in

this respect.22 However, increased insulin

concentrations may adversely affect several

other CHD risk factors. There is an

association between hyperinsulinaemia and

hypertension,23 and we have found a positive

relationship between insulin resistance and

blood pressure.24 Insulin stimulates renal

sodium reabsorption and has a

sympathomimetic effect, which will tend to

raise blood pressure. Normally, these effects

might be counteracted by insulin-induced

vasodilatation, but in insulin-resistant states

this compensatory mechanism is impaired.25

Indeed, we have demonstrated that an

intravenous glucose bolus, which stimulates

endogenous insulin secretion, results in

increased forearm blood flow in normals, yet

there is a paradoxical decrease in patients with

CHD, who tend to be insulin resistant.26

Insulin resistance and hyperinsulinaemia

are also related to adverse changes in lipids

and lipoproteins such as increased triglycerides

and reduced high density lipoproteins (HDL)

or HDL2 concentrations.19 Furthermore,

hyperinsulinaemia is associated with increased

proportions of small dense low density

lipoproteins (LDL).27 These particles are less

readily cleared by the apoB100 receptors, and

are more open to oxidative damage.

Additionally, glycated LDL are also more

likely to be cleared from the circulation by

scavenger mechanisms rather than by the

apoB100 receptors. Thus patients with

impaired glucose tolerance are likely to

produce more atherogenic lipoproteins. These

changes in lipids and lipoproteins will

augment the adverse changes seen as a result

of the menopause itself. These include

increases in total cholesterol, triglycerides, and

LDL, and decreases in HDL and HDL2.
28

There are also increases in lipoprotein (a) and

perhaps decreases in the clearance of

atherogenic particles.

This association of adverse CHD risk

factors, with insulin resistance a pivotal

mechanism, is now termed the ‘insulin

resistance’ syndrome or ‘metabolic’ syndrome,

and there are various other components (Table

8.1). These include increased levels of the

anti-fibrinolytic plasminogen activator

inhibitor-1 (PAI-1),29 increased proportions of

android (central or upper body segment) fat,30

and increased leptin concentrations.31
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Effect of menopause on
glucose and insulin
metabolism

Few studies have investigated changes in

glucose and insulin metabolism in relation to

the menopause. One longitudinal study of

women going through natural menopause

showed increases in fasting glucose and insulin

concentrations, but these were also seen in

those women who remained premenopausal,

suggesting an effect of ageing.32 We studied
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Insulin resistance
Hyperinsulinaemia
Increased proportion of insulin 

propeptides
Impaired glucose tolerance
Increased triglycerides
Decreased HDL and HDL2 cholesterol
Increased proportion of small dense 

LDL cholesterol 
Increased proportion of android fat
Increased NEFA* flux
Increased plasminogen activator 

inhibitor-1
Decreased tissue plasminogen activator
Increased leptin
Decreased arterial wall compliance
Increased blood pressure
Decreased arterial blood flow

*Non-esterified fatty acids.

Table 8.1
Some proposed manifestations and associations of the
insulin resistance syndrome.

glucose and insulin metabolism in 86 healthy

postmenopausal women who underwent an

intravenous glucose tolerance test with

measurement of glucose, insulin, and C-

peptide concentrations.33 No relationship was

seen between either chronological age or

menopausal age and any glucose or C-peptide

parameters, although body mass index was

related to fasting glucose and post-glucose

challenge glucose area. We found a positive

and independent relationship between

menopausal age and both fasting insulin

concentration and post-glucose challenge

insulin area, but no relationship between these

parameters and chronological age. This clearly

shows that following the menopause there is a

progressive rise in insulin concentrations and

responses to glucose challenge. In another

study of 158 premenopausal and

postmenopausal women, we performed

mathematical modelling analyses of the

plasma concentration profiles of glucose,

insulin, and C-peptide in response to an

intravenous glucose challenge to obtain

measures of insulin sensitivity, secretion, and

elimination.34 We found that postmenopausal

women had a reduction in pancreatic insulin

secretion which was counterbalanced by a

reduction in insulin elimination (Fig. 8.1).

Although insulin sensitivity did not differ

between premenopausal and postmenopausal

women, it decreased progressively with age in

the postmenopausal women (Fig. 8.2),

indicating a progressive increase in insulin
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Figure 8.1
Effect of menopause on pancreatic insulin secretion and insulin elimination (+SEM). *P < 0.001. From
reference 34, with permission.

resistance. A recent smaller study of 83

premenopausal and postmenopausal women

similarly showed no difference between the

two groups of women in terms of insulin

sensitivity as assessed by the euglycaemic

hyperinsulinaemic clamp technique.35 One

possible reason for the apparent lack of a

menopause effect on insulin sensitivity in

these two studies is that both studied

premenopausal women in the luteal phase of

the menstrual cycle, when oestradiol levels are

lower, and it is possible that insulin sensitivity

is lower in this phase of the cycle. This would

tend to mask any differences in insulin

sensitivity in comparisons between

premenopausal and postmenopausal women.

In another much smaller study, there was

some evidence that postmenopausal women

had lower insulin sensitivity values than

premenopausal women as assessed by the

IVGTT with modelling analyses.36

In summary, it would appear that the

menopause is associated with reduced

pancreatic insulin secretion but also with

reduced insulin elimination, thereby resulting

in little change in circulating insulin

concentrations. The progressive rise in insulin

concentrations observed thereafter appears to



result from the progressive increase in insulin

resistance seen after the menopause.

Postmenopausal women thus become

increasingly insulin resistant and

hyperinsulinaemic.

HRT effects on glucose and
insulin metabolism

Experimental studies both in vitro and in vivo

have demonstrated increased pancreatic

insulin secretion in response to oestrogen or

progesterone administration. However,

whereas oestradiol decreases insulin resistance,

progesterone appears to increase it. 

Clinical studies of the effects of 17�-

oestradiol in postmenopausal women suggest

an improvement in insulin resistance.37,38

Progestogen addition, which is necessary in

HRT given to non-hysterectomized women,

may produce certain adverse effects on glucose

and insulin metabolism. Alkylated oestrogens
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such as ethinyl oestradiol and conjugated

equine oestrogens may raise insulin levels and

impair glucose tolerance.39

The postmenopausal oestrogen/

progestogen intervention (PEPI) study

showed a decrease in fasting glucose and

insulin levels with conjugated equine

oestrogens, with or without progestogen

addition.40 However, following an oral glucose

challenge, glucose concentrations were

increased by the HRT. As stated above, it is

difficult to draw any meaningful conclusions

from such surrogate markers of insulin

resistance. A small study using another

surrogate for insulin resistance, the insulin

tolerance test, has previously shown a possible

bimodal effect of conjugated equine

oestrogens on insulin sensitivity, with a lower

dose of 0.625 mg/day improving it whereas a

higher dose of 1.25 mg/day caused a

deterioration (Lindheim et al, 1993). The

addition of medroxyprogesterone acetate also

caused a deterioration.

We performed a study in healthy

postmenopausal women comparing two

different HRT regimens against no

treatment.42 One regimen used oral

conjugated equine oestrogens 0.625 mg daily

with the cyclical addition of dl-norgestrel 

0.15 mg daily, whereas the other comprised

transdermal 17�-oestradiol 0.05 mg daily

together with cyclical norethisterone acetate

0.25 mg daily. Transdermal treatment had no

significant effect on glucose tolerance or

insulin concentrations. In contrast, oral

therapy caused a reduction in the initial

plasma insulin response to intravenous

glucose, which in turn resulted in a reduction

in glucose elimination rate at the outset of the

test and an overall elevation in glucose

concentrations. These changes increased the

stimulation of pancreatic insulin secretion and

hence the overall insulin response during the

test. Both treatments were associated with

increased hepatic insulin uptake, but an

increase in first phase pancreatic insulin

secretion compensated for this in the

transdermal group. In the oral group, a

significant increase in insulin resistance was

seen during the combined oestrogen/progestin

phase of treatment compared with the

oestrogen-alone phase, whereas no changes

were seen with transdermal therapy. 

The fact that transdermal 17�-oestradiol

was not associated with a reduction in insulin

resistance, which might have been expected,

could have owed to such an effect being

negated by the norethisterone acetate, with

this negative effect of norethisterone acetate

carried over into the oestrogen-alone phase of

treatment. This concept is supported by our

findings from a further study in which we

compared the effects of 17�-oestradiol given

either orally or transdermally, together with

cyclical oral norethisterone acetate over 12

months.43 Insulin sensitivity, secretion, and

elimination were assessed using modelling of

IVGTT parameters. Insulin sensitivity was
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increased by the oral 17�-oestradiol, but this

was reversed by the addition of norethisterone

acetate (Fig. 8.3). Transdermal 17�-oestradiol

again had no effect on insulin sensitivity. Both

treatments were associated with an increase in

insulin secretion and hepatic insulin uptake. A

small 6-month study of transdermal oestradiol

without the systemic addition of a

progestogen was able to demonstrate an

improvement in insulin sensitivity as assessed

by an insulin tolerance test. In contrast, a

study using the clamp technique did not

demonstrate any change in insulin sensitivity

in women receiving transdermal oestradiol

alone, or after the addition of oral

norethisterone.44 However, the study

duration was extremely short, only 6 weeks. A

study of high or low dose continuous

combined oral oestradiol and norethisterone

acetate using the clamp technique

demonstrated a deterioration in insulin

sensitivity with the high dose (oestradiol 

2 mg, norethisterone acetate 1 mg) which was

not seen with the low dose (oestradiol 1 mg,

norethisterone 0.5 mg).45

The use of a non-androgenic progestogen
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may avoid these adverse changes in glucose

and insulin metabolism. We studied the

effects of oral administration of 17�-

oestradiol and cyclical dydrogesterone on

glucose and insulin metabolism using oral

glucose tolerance testing.46 Mean fasting

glucose and C-peptide concentrations and

post-glucose challenge incremental glucose

and C-peptide areas remained unchanged

during the study whereas the fasting insulin

concentration and post-glucose challenge

response fell significantly (Fig. 8.4 ). These

findings are consistent with an improvement

in insulin resistance and insulin elimination

with this regimen. In a recent study using the

clamp technique, transdermal oestradiol with

the addition of cyclical dydrogesterone

resulted in an increase in insulin sensitivity

and in hepatic insulin uptake.47

The effect of HRT in women with

diabetes mellitus seems also to be beneficial.

Women with non-insulin-dependent diabetes

mellitus taking oral 17�-oestradiol with

cyclical norethisterone acetate in a

randomized placebo-controlled crossover

study showed improvements in glucose
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homeostasis, including glycosylated

haemoglobin.48 Similar findings were seen in a

similar study of shorter duration.49 Tibolone,

a synthetic steroid with oestrogenic,

progestogenic, and androgenic properties, has

also been shown to have no adverse effects in a

short-term study of postmenopausal non-

insulin-dependent diabetic women.50 Both

oral 17�-oestradiol and tibolone have also

produced some beneficial effects in lipids and

lipoproteins in diabetic women,49,50

suggesting further benefit in terms of CHD

risk.

Conclusions

There is little doubt that the metabolic

disturbances seen following the loss of ovarian

function are most important in the

development of cardiovascular disease in

women. The loss of hormones at the

menopause appears to reduce both insulin

secretion and elimination, but increasing

insulin resistance thereafter brings about an

increase in circulating insulin concentrations.

Changes in lipids and lipoproteins are in an

adverse direction, as are changes in body fat

distribution and haemostatic factors. These

adverse changes are likely to be particularly

harmful to women with diabetes mellitus who

are already at increased risk for CHD.

Hormone replacement therapy with

oestrogen alone appears to improve most of

the metabolic abnormalities related to the

menopause, but this depends in part on the

type of oestrogen used and the route of

administration. 17�-Oestradiol, both oral and

to a lesser extent transdermal, improves

insulin sensitivity, secretion, and elimination.

Conjugated equine oestrogens, particularly at

higher doses, have less favourable effects. The

addition of progestogen may influence the

metabolic changes induced by oestrogens, and

this varies according to the type of the

progestogen. The more androgenic

progestogens, such as norgestrel and

norethisterone, tend to reverse the beneficial

effects of oestrogens, as does the less

androgenic medroxyprogesterone acetate. In

contrast, dydrogesterone appears to have little

negative impact on oestrogenic effects.

Overall, the metabolic effects of any of the

current HRT regimens, including tibolone,

seem likely to be beneficial for CHD in non-

diabetic women. However, HRT regimens

should be tailored to produce the most

favourable changes in metabolic risk factors in

postmenopausal women at increased risk for

CHD, particularly those with diabetes

mellitus, for whom the potential for benefit is

considerable.
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Hormone replacement therapy,
stroke and thromboembolism:
epidemiological evidence

Anette Tønnes Pedersen, Bent Ottesen

9
For the last decades there has been increasing epidemiological

evidence that postmenopausal treatment with sex steroids in

physiological doses may reduce the relative risk of

cardiovascular disease (CVD).1 When analysing the influence

of hormone replacement therapy (HRT) on the risk of

cardiovascular events it is important to bear in mind that

CVD comprises pathogenically different diseases, arterial as

well as venous, and that the aetiology of thromboembolic

diseases is multifactorial. 

On the arterial side, the most prominent heart diseases are

angina pectoris and acute myocardial infarction due to

thrombosis, often associated with atherosclerosis. Cerebral

infarctions, or stroke, are commonly considered

atherothrombotic or cardioembolic. Transient ischaemic

attacks are most common in patients with large artery

atherothrombotic disease. Less common causes include

hypercoagulable states. 

On the venous side, the majority of the thromboembolic

events take place in the pulmonary veins or in the deep veins

in the lower extremities. The venous diseases are often caused

by an imbalance in the haemostatic factors towards a

hypercoagulative state.



Numerous epidemiological studies

support the notion that postmenopausal use

of HRT is associated with a 40–60%

reduction in the risk of coronary heart disease

and a 2–4-fold increased risk of venous

thromboembolism, while it has a neutral

effect on the risk of stroke. There is therefore

no simple answer to the question of a possible

protective effect of HRT on the risk of

thrombosis. This chapter will deal with the

epidemiological evidence.

Observational studies

Analytic epidemiology examines the

determinants of a specific disease by testing

the hypotheses formulated from associations

found in descriptive studies, with the ultimate

goal of judging whether a particular exposure

causes or prevents disease. The two basic types

of observational analytic investigations are the

case-control and the cohort design – each

offering advantages and disadvantages. The

decision to use a particular design strategy is

based on features of the exposure and disease,

the current state of knowledge and logistic

considerations such as available time and

resources. 

In the case-control study, cases and

controls are selected on the basis of presence

or absence of the disease of interest (e.g.

CVD). The exposure of interest is then

compared between the two groups. In

contrast, the subjects for a cohort study are

classified on the basis of presence or absence

of exposure to the factor of interest and

compared with respect to the subsequent

development of disease. The cohort study is

therefore considered to be a ‘prospective’

design, while the case-control study often is

designated as ‘retrospective’.

Case-control studies are especially efficient

in terms of both time and costs relative to

other analytic approaches, as data collection is

based on cases which have already been

diagnosed with the disease of interest. Case-

control studies are well suited to the

evaluation of rare diseases or diseases with

long latent periods. An important difficulty

with case-control studies is that both the

exposure and disease have already occurred at

the time the participants enter into the study.

This design is therefore particularly

susceptible to bias from the differential

selection of cases and controls and bias due to

recall. 

The prospective cohort design determines

the temporal relationship between exposure

and disease and minimizes bias in the

ascertainment of exposure. Cohort studies are

often extremely time-consuming and the

validity of the results can be seriously affected

by losses to follow-up.

Intervention studies or clinical trials may

be viewed as a type of prospective cohort

study as participants are identified on the basis

of their exposure status, randomized or non-
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randomized, and followed to determine

whether they develop the disease or not.

A prominent concern in assessments of the

influence of HRT in observational studies is

that hormone users, as a self-selected group,

are different both from former-users and from

never-users.2 Women taking oestrogen seem

to have more favourable lifestyles regarding

heart disease risk factors – the ‘healthy user

effect’. Until recently, women with less

favourable cardiovascular risk profiles due to

hypertension, diabetes or present ischaemic

heart disease, were less likely to be prescribed

HRT due to contraindications listed on the

oestrogen preparation by the manufacturer. It

is also possible that potential unknown

confounders not included in previous analyses

could be associated with the use of HRT and

also be strong predictors of CVD. Such an

influence cannot be excluded, although it does

not seem likely.

When the possible causal relationship of a

protective effect of HRT on the risk of CVD

is evaluated, consistency with other

investigations, strength of the association,

time sequence between exposure and event,

possible dose–response relationships and

biologic credibility should all be taken into

consideration.

HRT and stroke

Stroke is the common name for a group of

cerebrovascular diseases characterized by

sudden onset of neurological deficit, including

cerebral infarction, intracerebral haemorrhage

and subarachnoid haemorrhage. It is often

difficult to establish the pathogenesis of a

stroke from clinical observations only.

Computed tomography or magnetic

resonance imaging enables differentiation

between thromboembolic and haemorrhagic

disorders. Cerebral infarctions are commonly

considered atherothrombotic or

cardioembolic. The incidence rate of a first-

ever stroke among women aged 45–64 years is

1–2 per 1000 per year.3

Whereas the existing data on the protective

effect of oestrogen replacement therapy on the

risk of coronary heart disease have been

compelling, the data on the effect of HRT on

the risk of stroke have for a long time

remained controversial. A major difficulty

when reviewing the literature is the lack of

discrimination between haemorrhagic and

thromboembolic incidents. Increased as well

as decreased risk of stroke in women using

oestrogen replacement therapy have been

reported. Many of the studies performed have

not been able to detect any effect of hormone

use on the risk of stroke due to a low number

of cases. 

Figure 9.1 gives an overview of the results

of the better quality studies published.4, 5–15

Overall, there seems to be a neutral effect of

HRT on the risk of ischaemic stroke. All of

the cohort studies that have assessed the

influence of HRT on stroke mortality have,
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however, shown a protective effect of ever-use

of HRT, although not all have been

statistically significant. This finding could be

explained by a reduction in case fatality due to

the influence of HRT.

The latest update from the Nurses Health

Study with follow-up from 1976 to 1996,

based on 432 ischaemic stroke cases, revealed

a significantly increased risk of

thromboembolic stroke in current users of

HRT compared with never-users, RR 1.26

(95% CI, 1.00–1.61). For death due to

stroke, the relative risk was 0.81 (95% CI,

0.54–1.22).4

The largest study on this subject so far is

the Danish case-control study, including a

total of 1422 stroke cases – among those were

846 thromboembolic events and 321 cases of

transient ischaemic attacks.5 After adjustment

for confounding factors, no significant

associations were detected between non-fatal

thromboembolic infarction and either current

use of unopposed oestrogen replacement

therapy, OR 1.16 (95% CI, 0.86–1.58), or

current use of combined oestrogen-

progestogen therapy, OR 1.17 (95% CI,

0.92–1.47). However, a two-fold significantly

increased risk of transient ischaemic attacks
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was found among women who were at the

time using unopposed oestrogens, OR 2.11

(95% CI, 1.41–3.17). This finding could

support the hypothesis of a reduction in case

fatality due to the influence of HRT, found in

other observational studies. HRT users are not

necessarily protected from cerebrovascular

incidents, but do experience milder forms and

are therefore less likely to die from them. One

would therefore expect to find an overall

unchanged risk of stroke, including transient

ischaemic attacks, but an altered distribution

with fewer fatal stroke events and more cases

of transient ischaemic attacks among HRT

users than among non-users. These results

therefore do not exclude a possible protection

of oestrogen therapy against fatal stroke

events.

HRT and venous
thromboembolism

In 1996 four studies on HRT and risk of

venous thromboembolism (VTE) were

published in the same issue of the Lancet, all

revealing a 2–4-fold increase in the risk of

pulmonary embolism or deep vein

thromboembolism.16–19 Two additional

surveys have been published subsequently.20–21

The results are given in Figure 9.2.

It is important to note that in four of the

six studies, the risk was highest among

short-term current users (4–6-fold higher),

especially within the first year of therapy.

No increased risk was found among former

hormone users. These findings suggest an

influence of HRT on a pathway or pathways

with fairly rapid effect. No obvious

differences were found between users of high

or low doses of oestrogen or between users

of unopposed oestrogen or combined

oestrogen–progestogen replacement therapy.

Hepatic expression of the genes for

several coagulation and fibrinolytic proteins

is regulated by oestrogen through oestrogen

receptors.22 Continuous oestrogen therapy is

associated with decreased plasma fibrinogen

concentrations and decreased concentrations

of the anticoagulant protein antithrombin

III, but also with a decrease in plasma

concentrations of the antifibrinolytic protein

plasminogen-activator inhibitor type 1. The

net effect of oestrogen on coagulation and

fibrinolysis depends on the form of

oestrogen used, as well as the dose and the

duration of therapy. HRT could initially

very well lead to a hypercoagulative state

accounting for the increased risk of VTE

during the first year of therapy in

predisposed subjects. 

In clinical counselling it is important to

emphasize that the incidence of VTE is very

low, occurring in only 1–2 per 10,000 women

per year.20 The absolute risk of VTE associated

with HRT is therefore extremely small,

resulting in 1–2 additional cases per 10,000

women per year.
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Conclusions

Oestrogen has multiple potentially beneficial

effects on the cardiovascular system, which

could explain the overall reduced risk in

morbidity and mortality from cardiovascular

disease observed in hormone-substituted

postmenopausal women. The diverse effects of

oestrogen on arterial and venous

thromboembolic events could be explained by

the endothelium-protective effects and the

direct beneficial effects on the vessel wall, on

the one hand, and the pro-coagulative effects

of oestrogens, on the other hand. More

studies are needed to clarify whether the acute

vascular changes induced by HRT translate

into long-term benefit.

Randomized trials are in general required

to determine if findings from observational

studies are biased by confounding, selection or

compliance. The question whether the

hypothesis of a protective effect of HRT on

the cardiovascular system, as strongly

suggested by the large amount of

observational data available, will be elucidated

by ongoing randomized clinical trials.

However, it should be remembered that the

fact that a trial is carried out in one group of
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patients does not necessarily mean that the

results may be extrapolated to others. Patients

going into (and indeed completing) a

randomized design are a highly selected

population. 

A controversial area of HRT is whether all

women are likely to benefit from the therapy.

Detecting women who especially benefit from

HRT is a complex medical decision which

demands individual counselling based on

scientific evidence.

A further integration of biochemical,

physiological, clinical and epidemiological

findings with special emphasis on differences

in the pathogenesis and the pathophysiology

of subtypes of cardiovascular diseases, as well

as differences in risk profiles, is needed.

References
1. Grodstein F, Stampfer M. The epidemiology

of coronary heart disease and estrogen
replacement in postmenopausal women. Prog
Cardiovasc Dis 1995; 38: 199–210.

2. Matthews KA, Kuller LH, Wing RR et al.
Prior to use of estrogen replacement therapy,
are users healthier than nonusers? Am J
Epidemiol 1996; 143: 971–978.

3. Lindenstrøm E, Boysen G, Nyboe J,
Appleyard M. Stroke incidence in
Copenhagen, 1976–1988. Stroke 1992; 23:
28–32.

4. Grodstein F, Manson JE, Colditz GA et al. A
prospective observational study of
postmenopausal hormone therapy and

primary prevention of cardiovascular disease.
Ann Int Med 2000; 133: 933–941.

5. Pedersen AT, Lidegaard Ø, Kreiner S, Ottesen
B. Hormone replacement therapy and risk of
non-fatal stroke. Lancet 1997; 350: 1277–1283.

6. Rosenberg SH, Fausone V, Clark R. The role
of estrogens as a risk factor for stroke in
postmenopausal women. West J Med 1980;
133: 292–296.

7. Pfeffer RI. Estrogen use, hypertension and
stroke in postmenopausal women. J Chron Dis
1978; 31:389–398.

8. Grodstein F, Stampfer MJ, Manson JE et al.
Postmenopausal estrogen and progestin use
and the risk of cardiovascular disease. N Engl J
Med 1996; 335: 453–461.

9. Falkeborn M, Persson I, Terent A et al.
Hormone replacement therapy and the risk of
stroke: follow-up of a population-based cohort
in Sweden. Arch Intern Med 1993; 153:
1201–1209.

10. Finucane FF, Madans JH, Busch TL, Wolf
PH, Kleinman JC. Decreased risk of stroke
among postmenopausal hormone users: results
from a national cohort. Arch Intern Med 1993;
153: 73–79.

11. Stampfer MJ, Colditz GA, Willett WC et al.
Postmenopausal estrogen therapy and
cardiovascular disease: ten-year follow-up
from the Nurses Health Study. N Engl J Med
1991; 325: 756–762.

12. Boysen G, Nyboe J, Appleyard M. Stroke
incidence and risk factors for stroke in
Copenhagen, Denmark. Stroke 1988; 19:
1345–1353.

13. Hunt K, Vessey M, McPherson K. Mortality
in a cohort of long-term users of hormone
replacement therapy: an updated analysis. Br J
Obstet Gynaecol 1990; 97: 1080–1086.

References 121



14. Paganini-Hill A, Ross RK, Henderson BE.
Postmenopausal oestrogen treatment and
stroke: a prospective study. BMJ 1988; 297:
519–522.

15. Busch TL, Barrett-Connor E, Cowan LD et
al. Cardiovascular mortality and non-
contraceptive use of estrogen in women:
results from the Lipid Research Clinics
Program Follow-up Study. Circulation 1987;
75: 1102–1109.

16. Daly E, Vessey MP, Hawkins MM et al. Risk
of venous thromboembolism in users of
hormone replacement therapy. Lancet 1996;
348: 977–980.

17. Jick H, Derby LE, Myers MW, Vasilakis C,
Newton KM. Risk of hospital admission for
idiopathic venous thromboembolism among
users of postmenopausal oestrogens. Lancet
1996; 348: 981–983.

18. Grodstein F, Stampfer MJ, Goldhaber SZ et
al. Prospective study of exogenous hormones

and risk of pulmonary embolism in women.
Lancet 1996; 348: 983–987.

19. Daly E, Vessey MP, Painter R, Hawkins MM.
Case-control study of venous
thromboembolism risk in users of hormone
replacement therapy. Lancet 1996; 348: 1027. 

20. Gutthann SP, Rodriguez LAG, Castellsague J,
Oliart AD. Hormone replacement therapy
and risk of venous thromboembolism:
population based case-control study. BMJ
1997; 314: 796–800.

21. Grady D, Wenger NK, Herrington D et al.
Postmenopausal hormone therapy increases
risk for venous thromboembolic disease. The
Heart and Estrogen/Progestin Replacement
Study. Ann Intern Med 2000; 132: 689–696. 

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

122 Hormone replacement therapy, stroke and thromboembolism



Hormone replacement therapy
and Alzheimer’s disease

Therese van Amelsvoort, Declan Murphy

10
Introduction

There are significant age and sex differences in cognitive

ability and brain disease. For example, women generally

perform better than men in verbal fluency tests, whereas men

perform better on tests of spatial ability. Similarly women

suffer more often from depression and Alzheimer’s disease

(AD), whereas autism is seen more often in men. The

biological basis for these gender differences is unknown.

However, these observations do suggest that oestrogen and/or

the X chromosome may play a role in brain development and

ageing. In this chapter we will discuss studies investigating the

effects of oestrogen and the X chromosome on normal brain

development and ageing, and how they are relevant to

Alzheimer’s disease.

Gender differences in brain ageing

Ageing of the normal brain is accompanied by changes in

brain structure, function, and metabolism; but there are

significant gender differences in brain ageing. For example,

brain atrophy starts earlier in men;1 however, once started,



atrophy occurs more rapidly in women.2 In

addition, Murphy et al 3 have reported that

age-related loss of brain tissue was significantly

greater in males than females in the whole

brain and frontal and temporal lobes, whereas

the loss was greater in females than males in

the hippocampus and parietal lobes. A study

measuring glucose metabolism and using

positron emission tomography (PET) and
18F-2-fluoro-2-deoxy-D-glucose (FDG),

showed that the age-related decline in brain

metabolism is asymmetric in males, but

symmetric in females, and that women have

significant age-related decreases in

hippocampal glucose metabolism, but men do

not.3 These gender differences occur in

regions that are essential to cognitive function

and are implicated in neuropsychiatric

disorder. They may therefore underlie gender

differences in the prevalence and

symptomatology of age-related

neuropsychiatric disorders, such as AD. For

example, women are more likely to develop

AD than men, and this cannot be explained

solely by their longer life expectancy, since

women also have greater disease severity and a

higher age-adjusted prevalence of AD than

men.

Alzheimer’s disease

The prevalence of AD increases dramatically

with age—from less than 1% at age 65 to

about 15% of people in their eighties.4 AD is

accompanied by progressive cognitive

impairment, and this has an enormous impact

on the quality of life of patients and their

caregivers. Risk factors for AD include a

positive family history, presence of Down’s

syndrome, head injury, female sex,

hypothyroidism, depression, and the

possession of the apolipoprotein E4 gene. In

contrast, education, smoking, and non-

steroidal anti-inflammatory agents may be

protective factors.5 On a cellular level, the

disease is characterized by neuronal loss,

accumulation of intracellular neurofibrillary

tangles, and extracellular senile plaques in the

hippocampus and association neocortex.

Much progress has been made in

understanding the aetiology and pathology of

AD (including the identification of

susceptibility genes). Nevertheless no major

success has been gained so far in the treatment

of AD.

The search for pharmacological treatments

of AD has mainly focused on the major

deficits in the cholinergic system, including

selective loss of basal forebrain cholinergic

neurones, decreased activity of choline

acetyltransferase (ChAT)—an enzyme

involved in the synthesis of acetylcholine—

and decreased activity of acetylcholinesterase

(AChE)—an enzyme involved in the

breakdown of acetylcholine. Trials with

precursors of acetylcholine and cholinesterase

inhibitors have demonstrated only limited

cognitive improvement, and many have
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significant unwanted side-effects. Also, the

cognitive improvement seen in trials with

cholinesterase inhibitors in AD was reported

to be most evident in women who were also

receiving hormone replacement therapy

(HRT).6 Nevertheless, the first selective

cholinesterase inhibitor, donepezil

hydrochloride, has now been licensed in the

UK as symptomatic treatment for mild to

moderate AD. Meanwhile, the search for

other possible treatment strategies continues,

and more recently scientists have been

challenged by the potential therapeutic effects

of oestrogens. It is now becoming clear that

oestrogens do more than regulate sexual and

reproductive behaviour, and that, in addition

to their well-known effects on bones and

heart, oestrogens have significant effects on

brain structure and function.

Oestrogen’s actions on brain
structure

There is now good evidence that sex steroids

(1) directly modulate brain development and

ageing,3,7 (2) directly affect neurochemical

systems that are affected in normal ageing as

well as in AD and other neuropsychiatric

disorders, (3) indirectly decrease cell ageing by

antagonizing the effects of oxidants and other

neurotoxic compounds in the brain and by

assisting nerve growth factors.

Oestrogens increase synaptic and dendritic

spine density in the hippocampus—a brain

region that is crucial to memory function, and

which is significantly affected in AD. For

example, in rats following bilateral

oophorectomy there is a significant decrease in

dendritic spine density in CA1 pyramidal

cells. However, this is prevented by

administration of oestrogens, and synaptic

spine density is significantly related to

circulating oestradiol levels.8

Previously, it was unclear how these

oestrogen-induced dendritic changes affected

neuronal function. However, recently it has

been demonstrated that oestrogen induces an

increase in N-methyl-D-aspartate (NMDA)

receptors in rat hippocampal neurons, in the

same region where an increase in dendritic

spines is found. This is of importance because

the NMDA receptor is a membrane protein

that detects incoming signals from the

excitatory neurotransmitter glutamate. Thus,

the ‘new’ oestrogen-induced spines are now

thought to be related to NMDA-type

synapses.9,10

Oestrogens also directly affect

neurochemical transmitter systems affected in

normal ageing, AD, and other

neuropsychiatric disorders. For example,

oestrogens can modulate the serotonergic,

cholinergic, and dopaminergic systems. These

neurochemical effects of oestrogen may

partially explain why depression occurs more

often in women, and why AD and very late

onset schizophrenia are more common in
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postmenopausal women, i.e. when levels of

circulating oestrogens are low. The oestrogen-

induced enhancement of the cholinergic

system may be of particular relevance in AD

because some of the cognitive impairments in

AD are probably secondary to significant

cholinergic deficits. Administration of

oestrogens to ovariectomized rats increases the

activity of ChAT in the basal forebrain, and in

two of its projection areas—the CA1 subfield

of the hippocampus and the frontal cortex. It

is thought that the increased ChAT activity is

caused by inducing de novo synthesis of the

enzyme in the basal forebrain, with

subsequent axonal transport to the CA1

region of the hippocampus and the frontal

cortex.11

In addition to direct effects on neurons,

oestrogens also act with neurotrophins (such

as nerve growth factor) to stimulate nerve cell

growth indirectly. Receptors for oestrogen and

neurotrophins are located on the same

neurons in rodent basal forebrain,

hippocampus, and cerebral cortex, and this

co-localization may be important for the

survival of neurons.12 Oestrogen also has a

neuroprotective action13 against several toxins

that boost production of free radicals,

including glutamate (which is toxic in high

concentrations) and � amyloid. Recently it

has been shown that oestrogen can reduce the

neuronal generation of � amyloid.14

Oestrogen may also act as an antioxidant15—

however, recent findings suggest that the

neuroprotective antioxidant activity of

oestrogens is dependent on the presence of the

hydroxyl group in the C3 position on the A

ring of the steroid molecule.16 Furthermore,

Green et al 17 found that the oestrogen

molecule also needs a phenolic ring A and at

least three rings of the steroid nucleus for its

neuroprotective actions. Other indirect

beneficial effects of oestrogens on the brain

include: (1) prevention of glucocorticoid-

induced hippocampal neuronal damage,18,19

(2) enhancement of cerebral blood flow,20 and

(3) possibly an interaction with

apolipoprotein E4, a protein commonly found

in AD.21

Oestrogen’s actions on
cognitive function

As noted above, sex steroids are crucial to the

development and ageing of the hippocampus

and parietal lobe—brain areas significantly

affected in AD.3,7 Moreover, animal studies

have demonstrated significant effects of

oestrogens on neuronal structures and

neurochemical systems affected in AD. But

what clinical evidence is there that sex steroids

may have a significant role in the genesis and

treatment of AD?

Over recent years several studies have

looked at the effects of oestrogen on cognitive

function in healthy postmenopausal women.

The results of these studies have been

conflicting, which most likely reflects
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methodological differences. Some authors

have reported beneficial effects of oestrogens

on memory function in postmenopausal

women.22,23 Sherwin24 reported that surgically

menopausal (oophorectomized) women have a

decrement in cognitive performance

postoperatively which is related to a decrease

in their plasma levels of circulating sex

steroids; subsequent administration of

oestrogens improves their scores on cognitive

tasks. Jacobs et al 25 reported in a longitudinal

study that a history of oestrogen use during

the postmenopausal period was associated

with higher scores on verbal memory,

language, and abstract reasoning.

Subsequently, over a 2 year follow-up period

oestrogen users increased their scores on

verbal memory tasks whereas non-users

showed a decrease in their scores. Other

workers, however, have not found any positive

effects of oestrogen on cognitive function in

cross-sectional studies in older women.26 Most

studies that report positive effects of oestrogen

report improvement in verbal memory.

However, often non-verbal tasks were not

included in these studies. A recent

longitudinal study reported that healthy,

postmenopausal women on long-term HRT

performed better than postmenopausal

women who had never taken HRT on the

Benton Visual Retention Test (a test for short-

term visual memory, visual perception, and

constructional skills).27 Further support for

oestrogen’s effects on non-verbal tasks comes

from a recent functional imaging study which

demonstrates oestrogen-induced alterations in

brain activation patterns during verbal and

non-verbal working memory tasks in frontal

and parietal regions in postmenopausal

women.28 Thus, there is recent evidence that

oestrogen affects not only verbal but also non-

verbal aspects of cognitive function in healthy

postmenopausal women.

Studies on HRT and AD

Epidemiological studies have reported that the

prevalence of AD is significantly decreased in

females on HRT, and that women with AD

who are taking HRT have significantly milder

disease than those who are not.29 A recent

longitudinal study reported that prolonged

use of HRT decreases the risk, and delays the

onset, of AD; moreover, use of oestrogen for

longer than one year reduced the risk of

developing AD by 5% annually.30 These

results are promising, and point to the need

for further prospective studies of HRT in

postmenopausal women with and without

AD.

Results of early clinical trials of HRT in

people with AD are also promising but require

replication. For example, one clinical trial

reported that three of seven women with AD

improved on measures of attention,

orientation, mood, and social interaction after

six weeks of low dosages of oestradiol

treatment, but the improvement was lost after
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oestradiol was discontinued.31 In another

study, women with AD who were using

oestrogen had significantly better scores on the

Alzheimer’s Disease Assessment Scale

(ADAS-Cog, a standard instrument used in

AD clinical trials) than women with AD who

did not take oestrogens.32

The X chromosomes

Turner’s syndrome provides a biological

model to investigate the effects of the X

chromosome and sex steroids on the brain,

because women with Turner’s syndrome (TS;

45,X) normally have only one X chromosome

instead of two, and they do not produce

endogenous oestrogens. However, some

people with TS have a mosaic karyotype

(45,X/46,XX or 45,X/47,XXX).

Neuropsychological studies have shown that

people with TS have better verbal than

visuospatial skills and have abnormalities of

social interaction.33 A quantitative MRI study

of females with TS reported significant

bilateral decreases in the volume of the

hippocampus, parieto-occipital brain matter,

and lenticular and thalamic nuclei compared

to normal controls (46,XX). Moreover, the

cerebral hemisphere, caudate, and lenticular

and thalamic nuclei showed ‘X chromosome

dosage effects’, indicating that these structures

depend upon the X chromosome to develop

normally. Hippocampal volume was decreased

in TS subjects, but did not show these ‘X

chromosome dosage effects’, suggesting that

hippocampal development depends to a

greater degree on sex steroids.7 Resting brain

glucose metabolism has also been compared in

TS females and controls, using FDG-PET.

Clark et al 34 reported decreased metabolism

in occipital and parietal cortices, and recently

Murphy et al 35 reported that TS was

associated with relative bilateral

hypometabolism in the insula and association

neocortices. In TS females there were also

significant differences in cortical functional

relationships originating bilaterally in the

occipital cortices, and within the right

hemisphere. Also, ‘X chromosome dosage’

effects existed in language ability and left

middle temporal lobe metabolism, and in

neuropsychological test scores and asymmetry

of parietal metabolism, indicating that the X

chromosome is involved in the function of the

left and right association neocortices, and that

TS brain metabolic abnormalities are

associated with cognitive deficits. Thus, the X

chromosome and sex steroids appear to have

differential effects on brain structure and

function, and these may explain some of the

neuropsychological and social deficits that are

seen in TS. Recently, a study by Skuse et al 36

reported that TS females with a paternally

derived X chromosome have better social

skills, higher verbal IQ scores and performed

better on a behavioural inhibition task than

TS females with a maternally derived X

chromosome. Skuse et al suggested that social

128 HRT and Alzheimer’s disease



functioning is influenced by an imprinted

gene on the X chromosome which is switched

off when the gene is inherited from the

mother.

Conclusions

With the growth in numbers of the older

population, it can be expected that AD will

become an increasing public health problem.

Women are particularly at risk and the role of

sex steroids and their effects on the brain have

been a major focus in AD research over recent

years. There is evidence that sex steroids and

X chromosomes modulate brain development

and ageing, and can affect cognitive function.

Epidemiological, neuropsychological, and

biological studies appear to support the

hypothesis that oestrogens may be implicated

in AD’s genesis and treatment. Oestrogens

interact with neuronal networks at many

different levels, and may affect some of the

risk factors for AD. Currently, routine

therapeutic use of oestrogens in women with

AD is not justified, and more prospective

clinical trials are required. In the future new

oestrogens may be synthesized which have the

neuroprotective characteristics of the currently

available oestrogens but which do not carry

the same side-effects (e.g. uterine carcinoma).

The recent finding that certain subtypes of

oestrogens may be more neuroprotective than

others may help us to identify such a

compound.16,17 The effect of the new selective

oestrogen receptor modulators (SERMs)—

which have less side-effects on the breast and

endometrium—on the central nervous system

is not yet known.37 In men, the use of such a

compound without feminizing effects, or

testosterone (which is converted to the

oestrogen metabolite oestradiol by

intraneuronal aromatization)38 could be

explored.

In conclusion, besides the need for clinical

trials in people with AD there is a continuing

search for a more selective oestrogen

preparation without the unwanted side-effects

of current preparations.
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Hormone replacement therapy
and the breast

Jo Marsden

11
Introduction

One hundred years ago, George Beatson described partial

clinical responses in three premenopausal women with

advanced breast cancer following surgical oophorectomy.1 His

conclusion that ‘we must look . . . to the ovaries as the seat of

the exciting cause of (breast) cancer’ laid the foundations for

the current understanding of the oestrogen sensitivity of this

disease and the concept underlying endocrine breast cancer

therapy that tumours are deprived of oestrogen derived from

the plasma or synthesized locally in breast tissue itself.

Epidemiological, in vitro and in vivo experimental

evidence has since confirmed the role of endogenous

oestrogens in the promotion of breast cancer cell growth2,3

and recent prospective observational studies have shown

significant associations between elevations in circulating

serum oestradiol and its metabolites and the risk of developing

postmenopausal breast cancer or breast cancer recurrence.4–9

Ovarian ablation and tamoxifen (a mixed oestrogen agonist

and antagonist) have been shown to improve significantly the

disease-free and overall survival of women with oestrogen

receptor (ER) positive breast cancer;10,11 the more widespread



use of adjuvant therapy is considered to

account for the significant (10%) reduction in

breast cancer mortality in England and Wales

observed between 1985 and 1995.12 Attention

has, furthermore, been focused on the link

between oestrogens and breast cancer, given

that tamoxifen and the selective oestrogen

receptor modulator (SERM) raloxifene have

both been associated with a decrease in the

incidence of ER-positive breast cancer.13,14

The benefits of hormone replacement

therapy (HRT) in relieving oestrogen

deficiency symptoms and in the longer term

conferring protection against osteoporosis and

probably the primary prevention of arterial

disease are recognized. Despite these obvious

benefits the overwhelming evidence for the

oestrogen dependency of breast cancer implies

that HRT exposure will increase the risk of

developing breast cancer and disease

recurrence. However, review of available

clinical data suggests that this may not be the

cause and demonstrates that breast cancer is a

disease that defies theoretical predictions.

Indirect evidence that HRT
may not stimulate the growth
of breast cancer cells

Although endocrine therapy has an established

role in the treatment of breast cancer, our

understanding of the basic mechanisms

responsible for the efficacy of such treatment

is incomplete given the observation that mean

oestradiol levels in breast tumours from

premenopausal and postmenopausal women

do not differ significantly despite a 10-fold

difference in respective circulating oestradiol

levels.15 Tamoxifen is an effective treatment in

premenopausal women with ER-positive

disease even though it induces a

hyperoestrogenic state, in which serum

oestradiol levels can exceed those observed

during the peak of the follicular phase of the

menstrual cycle by 2–3-fold.11,16

The assumption that oestrogens alone are

responsible for the development and

progression of breast cancer can be questioned

further in view of the paradoxical behaviour of

breast cancer when exposed to high serum

levels of exogenous or endogenous oestrogen,

where prognosis does not appear to be

adversely affected. For example,

pharmacological doses of oestrogens were used

in the palliation of postmenopausal women

with advanced breast cancer before the advent

of tamoxifen,17 and in randomized adjuvant

breast cancer trials diethylstilbestrol has been

shown to have an equivalent disease-free and

overall survival benefit compared with

tamoxifen in postmenopausal women,

irrespective of tumour ER status.18 There is

also some evidence that the prognosis for

breast cancer patients who become pregnant

after a diagnosis of breast cancer may be

improved, although the possibility that those

becoming pregnant were a self-selected, good

prognosis group at low risk of recurrence
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cannot be excluded. In a series of 227 patients

aged under 35 years at diagnosis who received

chemotherapy, lower rates of recurrence and

death were reported in 25 women who

subsequently became pregnant.19 Von Scholtz

et al 20 compared 50 women becoming

pregnant after diagnosis with a control group

of 2000 women. The hazard ratio, after

adjustment for nodal status and age, was 0.48

(95% confidence interval 0.02–1.29) for the

group who became pregnant. In isolation,

none of these arguments can be used as

evidence that HRT will not influence breast

cancer risk. They do, however, reinforce the

view that the aetiology of this disease is

complex and poorly understood.

Does oestrogen replacement
therapy increase the risk of
developing breast cancer?

Recent prospective observational studies have

shown a significant association between the

risk of developing postmenopausal breast

cancer and increases in circulating serum

oestrogens. This increase in risk, however,

occurs with very small increments in serum

oestrogens, none of which exceed the upper

limit of the normal postmenopausal range, i.e.

<100 pmol/l.4–9 Collectively, these studies

suggest that exposure to oral, transdermal, or

low dose implant (i.e. 25 µg oestradiol)

replacement therapy that results in a mean

range of serum oestradiol of 200–360 pmol/l

will increase the risk of developing

postmenopausal breast cancer. However, if the

risk of developing breast cancer were related

simply to levels of circulating oestrogens, it is

surprising that the numerous clinical studies

undertaken to evaluate the effect of HRT on

the risk of this disease have produced

contradictory findings. Since all these studies

have been case–control or cohort in design

and therefore lacked appropriate randomized

controlled groups for comparison, they are

open to the influence of bias in patient

selection, recall, surveillance, and interview

techniques. Increased mammographic

surveillance, for example, could explain the

increase in the reported incidence of ductal

carcinoma in situ in HRT compared with

non-HRT users.21 To allow for the effect of

systematic errors, confounders, and biases, it

has been recommended that individual

epidemiological studies should not be

considered persuasive of an association unless

the lower limit of the calculated 95%

confidence interval falls at least above a

threefold risk.22 No single study investigating

the association between HRT and breast

cancer risk has reported an increase in risk of

that magnitude.

Only one placebo-controlled, randomized

trial of HRT has been completed in which

breast cancer was a primary end-point. Here, a

sequential preparation was prescribed (i.e.

conjugated oestrogens 2.5 mg/day and

medroxyprogesterone acetate 10 mg/day) and
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was not shown to have any significant effect

on the risk of developing breast cancer.

Despite the long follow-up of 22 years,

however, patient numbers were far too small

for these results to be considered conclusive.23

In an attempt to clarify this controversy,

several meta-analyses have been undertaken

(Table 11.1).24–29 Overall, these suggest that

current long-term use of HRT (i.e. > 10 years)

is associated with a slight increase in the risk

of developing breast cancer (range of relative

risk 1.2–1.3). The most recently published re-

analysis of 51 individual studies, worldwide,30

calculated that for every year that HRT is used

it increases the relative risk of developing

breast cancer by 1.023 (95% confidence

interval 1.011–1.036) and that with more

than 5 years’ use (although the median

duration use of HRT in this subgroup of

women was in fact 11 years) the relative

lifetime risk of developing breast cancer is

1.35 (95% confidence interval 1.21–1.49).

Based on these calculations, it has been

estimated that if HRT is commenced at the

age of 50 years, 5 years’ continuous use will be

associated with two extra breast cancers, 10

years’ use with six extra breast cancers, and 15

years use with 12 extra cancers per 1000

women. A similar pattern of risk with the use

of HRT was also calculated for women with a

family history of breast carcinoma, but the

99% confidence intervals were very wide and

encompassed unity. Failure of investigators in

individual trials to accurately document

family history renders it impossible to

determine whether women investigated were

truly at an increased risk of breast cancer or

not. Tumours developing in women at high

risk of breast cancer owing to inherited

mutations in the BRCA1 and BRCA2 genes,

which account for 75% of familial disease,

may have a hormone resistant phenotype in

that they are usually high grade, ER and

progesterone receptor (PgR) negative and

therefore resistant to tamoxifen therapy.31

Reproductive factors, however, do appear to

be important in the development of these

tumours. Rebbeck et al 32 reported a

significant decrease in the incidence of breast

cancer in women with BRCA1 mutations who

underwent bilateral oophorectomy for the

prophylaxis of ovarian cancer. However, the

use of ‘add-back’ HRT by some women to

prevent the unwanted effects of premature

oestrogen deficiency did not appear to negate

the benefit of oophorectomy for breast cancer

risk. The collaborative re-analysis did not

examine the role of HRT in women at high

risk of developing breast cancer due to benign

breast disease, which encompasses a range of

conditions of the breast, of which only

atypical ductal or lobular hyperplasia are

associated with a significant 3–4-fold increase

in the risk of developing breast cancer. Most

studies have not categorized benign breast

disease and therefore it is very difficult to

interpret the available data. In their meta-

analysis, Dupont and Page25 concluded that
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there was no definitive evidence to support the

contra-indication of HRT in women with a

history of benign breast disease. This is further

supported by their retrospective cohort study,

in which accurate categorization of benign

breast disease was made.33

Combined HRT and breast
cancer risk

The role of progestins in the aetiology of

breast cancer remains to be clarified. It has

been hypothesized that progestins will confer

protection against the development of breast

cancer or breast cancer recurrence. This is

based on the observations that the relative risk
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24 Not stated 1.01 (0.95–1.08)

25 28 1.07 (1.00–1.05)

26 16 1.0 1.30 (1.20–1.60) > 15 years

27 10 1.0 1.23 (1.04–1.51) 
 10 years

28 37 1.06 (1.00–1.12) 1.20 (no CI) 
8 years
Combined HRT 0.99 (0.72–1.36) 
(n � 3 studies) ever use

29 31 1.40 (1.20–1.63) 1.23 (1.08–1.40) > 10 years
current use

Combined HRT 1.13 (0.78–1.64) 
(n � 4 studies) ever use

30 51 1.35 (1.21–1.49) > 5 years
Combined HRT 1.53 (SE 0.33)  
 5 years
(n not stated)

RR � relative risk; CI � confidence interval; SE � standard error.

Reference No of studies Any HRT use Duration of use
RR (95% CI) RR (95% CI)

Table 11.1
Meta-analyses of HRT and breast cancer risk.



of developing breast cancer is increased

fivefold in women with luteal phase

progesterone deficiency34 and that the survival

of premenopausal women with early stage

breast cancer may be increased if they are

operated on during the luteal phase of the

menstrual cycle.35 Alternatively, it has been

postulated that progestins may increase the

risk of developing breast cancer, since most

proliferative breast activity occurs during the

luteal phase of the menstrual cycle, when both

oestrogen and progesterone levels are

elevated.36 Complicating matters further is the

fact that it is not known whether the class of

progestin prescribed or the pattern of

progestin prescription (i.e. continuous or

combined) is relevant in this context.

Theoretical arguments favour the

avoidance of the 19-nortestosterone

derivatives, since, compared with the C21

progesterone derivatives, the former exhibit

relatively greater androgenic and oestrogenic

properties. However, the 19-nortestosterone

derivative lynestrenol significantly reduces the

ER content of cellular aspirates from women

with benign breast disease, suggesting an

inhibition of oestrogen stimulation of breast

epithelial cells in vivo.37 Furthermore, breast

cancer risk has not been reported to be

increased in women treated solely with this

class of progestin for benign breast disease

(relative risk 0.48, 95% confidence interval

0.25–0.90).38

The hypothesis that continuous combined,

rather than sequential HRT will confer

protection against the development of breast

cancer is based on in vitro data in which the

continuous application of progestins with

oestrogens induces a sustained inhibitory

effect on oestrogen-driven cell replication.39

This inhibitory response appears to be

mediated via a variety of cellular pathways,

including an increase in the enzymatic

conversion of oestradiol to oestrone sulphate,

promotion of apoptosis, inhibition of the

proto-oncogenes c-myc and c-fos, and a

decrease in the breast cancer growth factor

cathepsin D.40 As progestins down-regulate

cellular progesterone receptor (PgR) content,

continuous application of unopposed

progestin will attenuate this inhibitory effect.

The collaborative re-analysis reported that

current long-term use of combined HRT

might confer a greater lifetime risk of

developing breast cancer than would

oestrogen alone.30 However, the number of

breast cancer cases upon which this risk

estimate was based was too small for this

finding to be considered definitive.

Subsequent to this, five observational studies

have been published which are all consistent

in demonstrating an association between long-

term exposure to combined HRT and an

increase in the risk of developing breast

cancer.41–45 Unfortunately, since the individual

data are expressed in different ways, it is

impossible to determine whether this risk is

equivalent to that for unopposed oestrogen, or
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of a greater magnitude. Risk has been reported

to be increased with the use of cyclic rather

than continuous administration of C21

progesterone derivatives44,45 but the converse

has been reported with the 19 non-

testosterone-derived progestins.43 The small

numbers in these subgroup analyses prevent

any firm recommendations from being 

made.

Since most women prescribed HRT have

not had a hysterectomy, this is obviously an

area that warrants further evaluation.

HRT, breast density, and
mammography

Subset analysis of the placebo-controlled,

randomized Postmenopausal

Estrogen/Progestin Interventions (PEPI) Trial

has confirmed findings of numerous

observational studies reporting an increase in

mammographic breast density with exposure

to postmenopausal HRT.46 The results from

the PEPI Trial furthermore suggest that

mammographic density is increased to a

greater degree in women prescribed combined

HRT preparations. After 12 months, density

increased by 3.5% (95% confidence interval

1.0–12.0%) in women treated with

conjugated equine oestrogen (CEE) alone

compared with increases of 19.4% (95%

confidence interval 9.9–28.9%) and 23.5%

(95% confidence interval 11.9–35.1%) in

women prescribed CEE plus continuous

medroxyprogesterone or CEE plus cyclic

medroxyprogesterone, respectively. It is worth

noting, however, that the 95% confidence

intervals were wide, particularly for the use of

combined therapy.

Although increased breast density is

associated with an increase in the risk of

developing breast cancer (>75% breast

density, relative risk for developing breast

cancer 4.35, 95% confidence interval

3.1–6.1)47 and the use of postmenopausal

unopposed or combined HRT is associated

with an increase in breast epithelial density,48

whether either can be used as an accurate

surrogate measure for the risk of developing

breast cancer or breast cancer recurrence in

women taking HRT is unresolved. HRT does

appear to reduce the sensitivity and specificity

of mammography49 but it has been reported

that cessation of HRT for as little as 2 weeks

before mammography could be sufficient to

overcome this screening problem.50

The Million Women Study, a survey of

HRT use in women attending for

mammographic breast cancer screening in the

United Kingdom, will not provide definitive

data about breast cancer risk in the absence of

a randomized control group for comparison

(Institute of Cancer Research, Epidemiology

Unit/NHS Breast Screening Programme).

There is no evidence that healthy women on

HRT require more frequent mammograms

than are received through the National NHS

Breast Cancer Screening Programme.57
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The influence of HRT on breast
tumour biology

The recent collaborative re-analysis

demonstrated that the small increase in the

risk of developing breast cancer associated

with HRT exposure disappears completely

within 5 years of it being stopped.27 In

conjunction with case reports of breast

tumour regression following withdrawal of

HRT,40,41 this suggests that HRT promotes

the growth of pre-existing breast cancers

rather than initiating carcinogenic change in

the breast. There is no evidence at present,

however, to suggest that HRT stimulates

exclusively the growth of ER-positive disease.

Evidence of the effect of HRT on breast

tumour biology and extrapolation to clinical

events is unclear. Most studies are flawed in

that HRT was not taken up to the day of

breast biopsy. It has been shown quite clearly

in studies of preoperative hormonal

manipulation of primary breast cancers that

significant changes in breast tumour receptor

status and proliferation rates (i.e. Ki67) can

occur after periods as short as 1 week.54 HRT

(both unopposed and combined preparations)

was administered up to the day of biopsy in

the study of Hargreaves et al 55 and shown to

induce breast tissue PgR content. However,

the lack of any expected associated increase of

breast cell proliferation is probably explained

by the methodology used, which precludes

exclusion of a significant effect on the latter.

In contrast, percutaneous administration of

progestin has been shown to inhibit

oestrogen-induced breast epithelial cell

proliferation.56 Although assessment of cellular

proliferation was more robust in this latter

study, the application of percutaneous

oestrogen and progestin was via the breast,

which results in a significant increment in

breast oestradiol levels. As such a difference in

breast oestradiol levels has not been seen in

comparisons between premenopausal and

postmenopausal women, this suggests that

administration through the breast is the

significant issue but it cannot be related

directly to conventional HRT.

The identification of two distinct subtypes

of the ER, ER� and ER�, in the rat, mouse,

and human has resulted in a revaluation of the

molecular basis for oestrogen activity. At

present, the significance of their different

tissue distributions and ligand selectivities is

unknown and requires further extensive study.

How this will influence our understanding of

the effect of HRT on breast cell proliferation

remains to be answered.

The effect of HRT on breast
cancer mortality

With the exception of findings from the

Nurses Health Study,57 use of HRT before a

diagnosis of breast cancer does not appear to

have an adverse effect on cause-specific or

overall mortality (Table 11.2).56–70 Breast
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58 0.53, p < 0.007 (CI not stated)

59 0.22 (no CI) 0.73 (0.44–1.22)

60 0.68 (0.52–0.87)

61 0.70 (0.55–0.85) 0.76 (0.45–1.06)

62 0.80 (NS) 0.81, p > 0.05 (CI not stated)

63 No reduction (p > 0.01)

57 0.71 (0.62–0.81) current use 0.76 (0.56–1.02) current use
1.04 (0.90–1.13) past use 0.83 (0.63–1.09) past use

64 0.75 (0.48–1.17) use < 5 years
0.79 (0.83–1.67) use > 5 years

65 0.2 (0.1–0.3) use < 5 years
0.7 (0.5–0.9) use 5–9 years
0.7 (0.5–0.9) use 
 10 years

66 0.84 (0.75–0.94)
0.59 (0.40–0.87) natural menopause
0.76 (0.54–1.09) surgical menopause

67 0.92 (0.55–1.54) family history of breast
cancer

68 HRT 92% v no HRT 86% (p � 0.07)

69 0.78 (0.63–0.96) use < 5 years
0.77 (0.56–1.08) use 
 5 years

70 0.5 (0.3–0.8) current use at diagnosis
2.2 (0.9–5.2) > 144 months after diagnosis

RR � relative risk; CI � confidence interval; NS � non significant.
* Long-term mortality increased in long-term HRT users (i.e. > 10 years), primarily due to increased breast cancer
mortality.

Reference Cancer mortality Breast cancer mortality
RR (95% CI) RR (95% CI)

Table 11.2
Mortality in breast cancer patients with a history of previous HRT exposure at time of breast cancer diagnosis.
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tumours diagnosed in women with a history

of current or past use of HRT tend to be less

clinically advanced in that they are smaller in

size and better differentiated but, although

some investigators have found a

predominance of lymph node negative disease

in women exposed to HRT, others have not.27

Gapstur et al 71 observed that HRT use is

associated with an increase in the incidence of

invasive breast cancer with a favourable

histology (i.e. tubular and papillary cancers)

but not with the more common invasive

ductal or lobular carcinomas, which have a

worse overall outcome. The beneficial effect of

HRT on subsequent breast cancer mortality

seems to occur irrespective of tumour

hormone receptor or axillary lymph node

status.68,69 Although prior use of HRT has

been reported to be associated with a small

increase in the incidence of ipsilateral breast

cancer recurrence, the incidence of distant

metastatic disease is significantly reduced and

mortality is unaffected.68

This apparent favourable effect of HRT

could be influenced by surveillance bias, in

that women requesting HRT tend to have

more of an interest in general disease

prevention activities such as breast cancer

surveillance, or that women with breast cancer

are not generally prescribed HRT and will be

among the non-users in observational studies.

However, these mortality studies suggest that,

even if HRT increases the incidence of breast

cancer or promotes disease recurrence, it may

not have a detrimental effect on breast cancer

versus all-cause mortality, which is the

important end-point.

The use of HRT in women
previously treated for breast
cancer

The management of oestrogen deficiency

symptoms in women with breast cancer is

becoming an important part of their care,

since many experience iatrogenic symptoms

induced by their breast cancer therapy. These

can include the anti-oestrogenic effects of

tamoxifen, chemotherapy-induced ovarian

suppression and chemical castration with

gonadotrophin-releasing hormone agonists

(GnRHa). Cross-sectional studies have

demonstrated that at any one time oestrogen

deficiency symptoms are the most common

adverse effect of adjuvant therapy, occurring

in up to 66% of patients aged less than 65

years, and that such symptoms are more

bothersome and persist for longer in

postmenopausal breast cancer survivors than

in healthy postmenopausal women.72 It is

anticipated that the prevalence of treatment-

induced oestrogen-deficiency symptoms and

the induction of a premature menopause are

likely to increase with the more widespread

use of adjuvant therapy following the clear

survival benefits shown in the most recent

worldwide overviews of early breast cancer

therapy.10,11 In addition to the development of



hot flushes and night sweats, loss of sexual

interest is a frequently reported symptom

accompanying endocrine breast cancer

therapy.73 Chemical castration with

chemotherapy and GHRHa can produce

vaginal dryness, which, along with decreased

emotional well-being, is an important

predictor of sexual health in breast cancer

survivors.74 Although vaginal dryness and

dyspareunia are less frequent in women taking

tamoxifen, problems with sexual interest,

arousal and orgasm are reported with its

use.75,76

Concern that HRT may increase the risk

of developing recurrent breast cancer has led

to considerable interest in the use of

alternative therapies for the control of

oestrogen-deficiency-related health problems

in breast cancer survivors. As treatment

options for the prevention of the long-term

sequelae of oestrogen deficiency are to be

discussed in detail by other authors in this

volume, only alternatives for symptom

management will be discussed here.

Alternatives to HRT for symptom control

have either not been evaluated in controlled

prospective studies at all (i.e. all

complementary therapies), or have not been

shown to have any more than a placebo effect

(i.e. evening primrose oil, vitamin E,

clonidine, soy phyto-oestrogens).77–80 There

have been anecdotal reports that serotonin-

uptake inhibitors reduce hot flushes in breast

cancer patients by 50% but there are no

controlled clinical data to support this.81 Low-

dose, slow-release topical oestrogen

preparations are effective in the alleviation of

distressing vaginal symptoms. Since they do

not appear to be associated with any

significant absorption across the vaginal

epithelium, they probably do not exert any

oestrogenic effect on the breast, but this

requires confirmation.

Low-dose progestins and the synthetic

gonadomimetic agent, tibolone, which has

weak oestrogen-like, progestogen-like, and

androgen-like activity, are hormonal

preparations that are being prescribed

increasingly to breast cancer patients as safe

alternatives to HRT. However, there is a

complete lack of any controlled data on their

safety and efficacy in breast cancer survivors.

Although low-dose progestins have been

shown to provide effective symptom relief in

the short term (i.e. for 3 months),

uncontrolled follow-up of 18 of the original

breast cancer patients participating in this

study for 3 years found that nearly 40% were

still symptomatic on treatment and that

troublesome side-effects, which included

vaginal bleeding and depressive mood, were

common.82 Tibolone (2.5 mg) appears to be

as efficacious as standard dosages of HRT for

the control of vasomotor symptoms83 but

there are no data on its use in women with

breast cancer. Despite the hypothesis that

tibolone may protect against breast cancer

recurrence, since it inhibits the conversion of
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oestrone sulphate to oestradiol in MCF-7 and

T-47D breast cancer cell lines,84 its relative

oestrogenic and androgenic activities are

reported to increase with the higher dosages

that are sometimes required for symptom

control, particularly in prematurely

menopausal women.85

Given the lack of a causal relationship

between HRT and breast cancer risk and the

known benefits of HRT in relieving

menopausal symptoms, HRT has increasingly

been prescribed to individual breast cancer

patients. Published data from a small number

of observational trials of HRT in breast cancer

survivors with both early and advanced stage

disease have, to date, not demonstrated any

increase in disease progression or death from

breast cancer, suggesting that HRT may not

adversely affect prognosis, even in those

women whose tumours were ER-positive

(Table 11.3).86–97 Although the ideal frequency

for mammographic follow-up of women with

breast cancer is not established and current

practice is variable, there is no evidence to

support such follow-up being performed more

often than annually if patients are taking

HRT.

In the absence of data from randomized

trials, reliable statements about the safety of

HRT in this clinical context cannot be made.

A pilot study undertaken to ascertain the

feasibility of conducting a national

randomized trial of HRT in symptomatic

women with early stage breast cancer

demonstrated high accrual (40%) and

compliance (>80%) rates despite detailed,

informed consent.98 This pilot study

demonstrated that oestrogen-deficiency

symptoms had a significant negative impact

on patients’ quality of life. Three of the 100

women recruited into this study have

developed recurrent breast cancer to date.

Two were taking HRT; one was randomized

to receive opposed HRT 38 months after

diagnosis and developed recurrence after

taking HRT for 2 years. The second patient

received unopposed HRT 9 years after

diagnosis and developed recurrent disease after

six weeks’ treatment.

Following the successful implementation

of this pilot study and patient feedback, which

revealed that the management of oestrogen-

deficiency symptoms is considered by breast

cancer patients to be an important aspect of

their care, a large randomized trial of HRT

has now been planned in the United

Kingdom, and two smaller randomized trials

have been established in Sweden. The United

Kingdom trial aims to recruit a total of 3000

symptomatic women with stage I or stage II

breast cancer, who will be randomized to

HRT for two years. It is anticipated that, in

addition to providing reliable data on the

effects of HRT use on disease-free and overall

survival, the question of potential antagonism

between HRT and tamoxifen will be answered

(Figure 11.1).
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Tamoxifen and HRT—
antagonistic or synergistic?

Re-evaluation of the therapeutic role of HRT

in breast cancer survivors necessitates

consideration of the combined, systemic

effects of tamoxifen and HRT, particularly on

breast cancer cell proliferation. Concern that

HRT may antagonize the anti-neoplastic

effect of tamoxifen in breast cancer survivors

has not been evaluated in controlled trials and

therefore the only evidence available upon

which to base any clinical recommendations is

that from the tamoxifen chemoprevention

trials.

Following the observation of a 50%
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PRIMARY END-POINTS
• disease-free and overall survival

SECONDARY END-POINTS
• quality of life and symptom relief
• incidence of cardiovascular and osteoporotic events

HRT FOR 2 YEARS
unopposed if hysterectomy; if intact
uterus, sequential or continuous
combined depending on recency of
menopause

NO HRT FOR 2 YEARS
Advice about non-hormonal alternatives

3000 ELIGIBLE WOMEN
all postmenopausal with stage

I or II breast cancer and
experiencing vasomotor symptoms

�/� vaginal dryness

RANDOMIZE: HRT OR NOTHING

Figure 11.1
The National Randomised Trial of HRT in Symptomatic Women with Early Stage Breast Cancer.



reduction in the incidence of contralateral

breast cancer in women treated with adjuvant

tamoxifen therapy, three randomized

tamoxifen chemoprevention trials in women

at high risk of developing breast cancer were

initiated in the United States, Italy, and the

United Kingdom. The largest of these, the

National Surgical Adjuvant Breast and Bowel

Project P-1 Study (NSABP P-1), reported a

69% reduction in the incidence of

ER-positive invasive breast cancer (relative risk

0.31; 95% confidence interval 0.22–0.45) but

no difference in the occurrence of ER-negative

disease and a 50% reduction in the incidence

of non-invasive breast cancer (p < 0.002) after

a median follow-up of 4.5 years.12 As a result

this trial was stopped prematurely and women

taking placebo were given the opportunity to

commence tamoxifen. In the absence of any

long-term mortality data, however, it is not

possible to determine whether this reported

benefit of tamoxifen reflects treatment of

subclinical disease or a true reduction in the

risk of developing breast cancer.

Interim analyses of the Italian and United

Kingdom trials have not shown tamoxifen to

reduce breast cancer risk.99,100 Although it has

been argued that these smaller trials are not

powerful enough to detect any true difference,

the fact that the use of HRT was permitted in

these trials, and not the NSABP P-1 trial, has

been offered as an explanation of the opposing

results. HRT, however, did not appear to

exert an adverse effect on breast cancer

incidence in the 42% of women taking it

during the Royal Marsden Hospital trial but

the Italian study reported that tamoxifen

reduced the incidence of breast cancer in the

14% of women who received HRT (hazard

ratio 0.13; 95% confidence interval

0.02–1.02). Since the European trials have

not completed follow-up and the use of HRT

in this context was not a primary hypothesis,

and nor was its allocation randomized, these

preliminary results should be treated with

caution and no definitive conclusions should

be drawn.

Tamoxifen has a diverse range of clinical

effects owing to its complex endocrinological

profile. Anti-oestrogenic, partial oestrogen-

agonist, and oestrogen-independent activities

have all been described and evidence is

accumulating that the level of circulating

endogenous oestrogen influences the biological

activity of tamoxifen. In postmenopausal

women, tamoxifen exerts predominantly

oestrogenic effects on bone mineral density,

serum low density lipoprotein (LDL)

cholesterol levels, vaginal epithelium, and the

endometrium, where it is associated with a

2–3-fold increase in the risk of developing

endometrial cancer. In premenopausal women,

however, tamoxifen appears to behave as an

anti-oestrogen in that it promotes bone

demineralization, has no significant effect on

serum cholesterol levels, and may not induce

vaginal epithelial cell maturation or

endometrial proliferation.11,101,102
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Preliminary data from the tamoxifen

chemoprevention studies suggest that

tamoxifen and HRT have a cumulative

beneficial effect on femoral bone mineral

density, with an annual reported increase

of 4%.101 In contrast, animal studies have

shown that the bone-sparing effect of

tibolone is prevented by anti-oestrogens.103

Reports that the oestrogenic effect of

tamoxifen on the endometrium is inversely

correlated with age suggest that the oestrogen

component of combined HRT may protect

postmenopausal women against the

development of tamoxifen-induced

endometrial pathology. Using changes in

serum lipoprotein levels as a surrogate for

arterial disease events, there does not appear to

be any additional benefit of adding HRT to

tamoxifen.101,104

The selective oestrogen receptor modulator

(SERM) raloxifene, which is an analogue of

tamoxifen, has been reported to reduce

significantly the incidence of postmenopausal

ER-positive breast cancer in a meta-analysis of

nine randomized, placebo-controlled trials

(relative risk 0.46; 95% confidence interval

0.28–0.75).14 The most recent data from the

ongoing Multiple Outcomes of Raloxifene

Evaluation (MORE) study have indicated a

relative risk of developing breast cancer of

0.35 (95% confidence interval 0.21–0.58)

with a median follow-up of 40 months.105

However, these results should be treated with

caution, since osteoporosis prevention and not

breast cancer incidence or survival was the

primary end point of these trials. A breast

cancer chemoprevention trial comparing

tamoxifen and raloxifene is planned in the

United States, in which breast cancer

incidence and mortality will be the main

outcome measures. In common with

tamoxifen and other SERMs under

development, raloxifene is ineffective in

treating oestrogen deficiency symptoms and

may even induce them and therefore has no

role in the treatment of vasomotor symptoms

in breast cancer patients. No clinical data exist

for cases in which raloxifene and HRT have

been prescribed together.

Conclusion

Endogenous oestrogens are implicated in the

aetiology of breast cancer, but the role of

exogenous hormones remains unclear.

Theoretical predictions that HRT will

increase breast cancer risk and disease

progression have not been substantiated by

observational data but it is probable that

HRT promotes the growth of pre-existing

breast cancers rather than increasing the

incidence of the disease per se. This growth

promotion, however, does not appear to be

associated with an increase in breast

cancer mortality and may reflect a selective

biological effect on the growth of less

aggressive tumours. Two large randomized

trials of HRT in healthy women are now
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underway in the United States (the

Women’s Health Initiative, which was set

up by the National Institutes of Health)

and the United Kingdom (the MRC

WISDOM study; the Women’s International

Study of Long-Duration Oestrogen use

after the Menopause). In conjunction with

planned randomized trials in breast cancer

survivors, it is hoped that, ultimately, more

reliable data on the long-term benefits and

risks of HRT will be provided. Until such

data are available, clinicians must rely on

the findings of observational studies, but

in this it is essential that the limitations

incurred by designs of such studies are

appreciated.
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Selective oestrogen receptor
modulators

David W Purdie, Clare E Kearney

12
Introduction

Precision in targeting is, in general, as desirable an objective in

the field of pharmacology as it is on the field of battle. Adverse

clinical effects, known elsewhere as collateral damage, often

result from the inadvertent or indeed unavoidable engagement

of sites whose structural similarity or proximity to the true

target places them literally in the firing line. Hence, several of

the 20th century’s great advances in therapeutics, such as

cardioselective � blockade, selective H2 antagonism, and,

most recently, specific COX-2 inhibition, have closely

followed sharper identification of the target structure. Indeed,

a central goal of biochemistry is the delineation of isoforms,

those variable molecular species of a generic molecule such as

a receptor, with the aim not only of elucidating structure and

function but also of securing precision in stimulation or

inhibition as clinical need may demand.

In the case of oestrogens, the first half century of their

therapeutic use may be seen in retrospect as the era of the

blunderbuss rather than the bullet. The utilization of human

oestradiol-17� or conjugated equine oestrogens provided

many benefits to patients but also brought adverse effects



principally due to the actions of these

oestrogens upon two of their principal target

tissues—the breast and the uterus. Hence the

development of selective oestrogen receptor

modulators (SERMs) may be seen

conceptually as an attempt to delete the

reproductive system from the array of

oestrogen response tissues while maintaining

activity in those non-reproductive systems

where oestrogen action contributes to normal

function. The evolution of the SERMs is

therefore set to follow an algorithmic path

that will specify progressive refinement in

their design as we seek to include within their

therapeutic range all those physiological

systems upon which evolution has bestowed a

role for oestrogen. Given that we remain

ignorant of the full range of oestrogen actions,

especially those mediated by cell membrane

receptors and second messengers rather than

by gene transcription, this field will remain

one of intense scientific activity for the

foreseeable future.

Evolution

If one accepts Gordhansky’s famous phrase

‘Nothing in biology makes sense except in

terms of evolution’, then the group of steroid

hormones known as the oestrogens have

indeed conferred survival advantage through

their involvement in many vertebrate

physiological systems. The simplest living

organism that has been shown to possess an

oestrogen receptor and oestradiol 17� as

ligand is the eukaryotic unicellular yeast

Saccharomyces cerevisiae.1 Among multicellular

animals the oestrogens are found first in the

phylum Echinodermata, represented today by

the starfish, and in the phylum Mollusca,

represented by the octopus and squid, whose

ancestors, evolving from simpler forms some

400 million years ago, were apparently the

first to possess the cytochrome P450

aromatase enzyme system necessary to convert

C-19 androgens to C-18 oestrogens.2 Studies

of steroid hormone evolution show that in

comparison the glucocorticoids and

mineralocorticoids are of more recent origin,

appearing first in the elasmobranchs—sharks

and rays—and that aldosterone is first found

in the teleosts or bony fish. When one

considers that it was only 6 million years ago

that the evolutionary line leading to Homo

sapiens branched away from the line leading to

our nearest cousin, Pan troglodytes, the

chimpanzee, it can be seen that our species

inherited a signalling system that had been

part of physiology for the major part of

eukaryotic life on earth. Nature is

parsimonious. A molecule that possesses a set

of physico-chemical characteristics that are of

advantage in a primitive system may be

retained to discharge its function in more

complex evolving systems provided that such

new functions do not confer a net

disadvantage upon survival.

The oestrogens’ primal and still central
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role is in reproduction. Darwinian theory

requires that no significant compromise of

reproductive efficiency will be tolerated; this is

attested by the observation that the pattern of

oestradiol seen in adult human plasma is that

imposed by the reproductive cycle.

The mid-cycle peak of plasma oestradiol

synthesized in the granulosa cells of growing

follicles stimulates the luteinizing hormone

(LH) surge from the anterior pituitary, which

in turn triggers the eruption of the mature

ovum on to the ovarian surface. A secondary

plasma surge of oestradiol is produced by the

corpus luteum in the secretory phase of the

cycle. Overall, the oestradiol plasma values are

those that oestrogen replacement therapy

seeks to reproduce (see Fig. 12.1).

Without exception, all the non-

reproductive activities of oestrogens must

accommodate to this unvarying plasma

pattern, just as they must accommodate to the

plasma levels of oestrogen which pertain

during pregnancy and lactation. In the

evolutionary context it should be noted that,

in the absence of contraception, hominid and,

later, human females would experience

relatively few menstrual cycles given the

intense reproductive activity that separated

puberty and death.
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Oestrogen receptor: structure
and function

The oestrogen receptor belongs to the steroid

receptor superfamily, which comprises the

glucocorticoid, vitamin D, thyroid hormone,

androgen, and retinoid receptors—whose

modular construction with its highly

conserved DNA-binding domains bespeaks a

common evolutionary origin for these

complex proteins.3 (See Fig. 12.2.)

The receptors reside in the nucleus,

cloaked by heatshock proteins (HSP) until the

arrival of ligand. Physiologically, ligand is

usually oestradiol or oestrone which is

incorporated into the large binding cavity of

the oestrogen receptor (ER), thereby

triggering conformational change as the

activated receptor dimerizes, casts off the

HSP, and displays binding sites for a range of

co-activators and co-repressors that modulate

its subsequent activity.4 (See Fig. 12.3.)

The oestrogen–ER complex now seeks the

palindromic promotor sequences of oestrogen

response elements in target genes. The

complex then proceeds to facilitate RNA

transcriptase and messenger RNA. An

essential feature of ER action is the differential

activity of the transcriptase activation areas

AF-1 and AF-2.5

AF-1 is thought to be constitutive, that is,

it operates without the presence of ligand,

whereas AF-2 requires the presence of

oestradiol or a substitute in the binding cavity

of the receptor.

First generation

Compounds known as first-generation

SERMs were originally classed as anti-

oestrogens until it was found that their actions

were more complex and contained an

admixture of agonist and antagonist activities.
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Clomiphene citrate, a triphenylethylene, was

synthesized in 1956 and was found by

Greenblatt et al in 1961 to be capable of

inducing ovulation in infertile women,6 a

clinical role that it performs to this day. The

central action of clomiphene is to block the

negative feedback of oestrogen and to induce,

through positive feedback, a follicle

stimulating hormone (FSH) surge from the

gonadotrophs of the anterior pituitary. In

1984 it was observed that clomiphene

attenuated bone loss in the oophorectomized

(OVX) rat.7 This was most surprising, since,

intuitively, an anti-oestrogen with some

oestrogenic activity would have been expected

to promote rather than retard bone loss in this

animal model. However, clomiphene is not a

pure chemical entity but a combination of

two geometric isomers. The trans isomer

enclomiphene is a partial oestrogen whereas

the cis isomer zuclomiphene is a pure

oestrogen. The molecular species responsible

for clomiphene’s remarkable effect on rat bone

could thus not be ascertained.

Subsequently, another triphenylethylene,

tamoxifen, was similarly shown to prevent

bone loss in the OVX rat and it later became

clear that this agent, now in general use as
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Figure 12.3
Electron crystallographic map
of the ER-binding pocket with
oestradiol in situ. Reproduced
from reference 4, with
permission.



adjunctive therapy in breast cancer, was also

operating as an oestrogen agonist in the

skeleton and the cardiovascular system.8,9

Clomiphene and tamoxifen were thus exposed

as selective oestrogens and it was immediately

apparent that such compounds could be of

great potential benefit in supplying

oestrogenic action in such tissues as bone,

heart, and brain while antagonizing

oestrogenic action in breast and uterus.

Tamoxifen was not further developed as a

bone-sparing agent, however, due to concerns

over its propensity to cause uterine

stimulation in some women. This has

amounted to endometrial hyperplasia and

adenocarcinoma in some reported cases.10

Second generation: raloxifene

Raloxifene, originally styled keoxifene,

emerged from the Eli Lilly research

laboratories in the USA as one of an array of

benzothiophenes synthesized for potential use

in the treatment of breast cancer.11 Raloxifene

is not a steroid and hence not technically an

oestrogen but it possesses the vital phenolic

ring—similar to the A ring of oestradiol—

necessary to obtain lodgement in the ligand-

binding cavity of the ER (see Fig. 12.4).

In the normal course of events, natural

ligand binding is followed by dimerization

and the phosphorylation of certain serine and

threonine residues.12 The reconfigured ER

binding now presents active surfaces for the

attachment of co-activators or co-repressors.13

With raloxifene in situ, however, a key

difference emerges in receptor activity. Unlike

oestradiol, the molecule has an

alkylaminoethoxy side chain, which physically

and functionally protrudes from the binding

domain and binds to an aminoacid residue

(aspartate) at position 351 in the ER
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Figure 12.5
Electron crystallographic map
of the ER-binding pocket, with
raloxifene in situ. Reproduced
from reference 4, with
permission.

structure.14 This has a splinting effect and

prevents the rotation of helix 12 of the ER,

which has the dual action of closing up the

occupied binding domain and permitting the

AF-2 domain of the ER to proceed to normal

activation of RNA transcriptase II.15 (See

Fig. 12.5.) With raloxifene as ligand, the

splinted helix 12 cannot undergo the rotation,

with the result that the AF-2 function is

disabled.4 Raloxifene thus acts as an AF-2

inhibitor, and in tissues such as the breast and

uterus where an operational AF-2 is required

for oestrogen action, no oestrogenic action

occurs. The key role of aspartate 351 in the

action of raloxifene was elegantly

demonstrated by Levenson and Jordan,14 who

showed that a natural mutation of aspartate to

tyrosine at this position reversed raloxifene’s

oestrogen antagonism to agonism in human

breast cancer cells.

Raloxifene: clinical actions
Bone

The central pathophysiological process in

postmenopausal bone loss is accelerated

turnover of bone and an associated imbalance



between bone formation and resorption in

favour of the latter. (See Fig. 12.6.)

Thus, the desired end-points of oestrogen

or SERM action in bone are a restraint on

turnover, measured by a decline in plasma or

urine turnover markers and a stabilization, or

indeed a gain, in bone mineral density (BMD).

An observed decline in clinical fracture at the

key sites of vertebrae, distal radius, and femoral

neck is the desired clinical outcome.

Using the isotope 45Ca, Heaney and

Draper found that raloxifene in a dose of

60 mg/day significantly reduced urinary

calcium excretion without significant change

in calcium absorption from the gut.16 These

data were interpreted as indicating a

significant fall in calcium of bone origin being

presented to the kidneys. In other words, bone

resorption had been impeded. No change in

bone formation by raloxifene was found.

Support for the notion that raloxifene reduced

bone resorption came from the work of

Draper et al, who reported an 8 week study of

healthy postmenopausal women.17 These
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workers found that raloxifene induced a

significant reduction in serum bone-specific

alkaline phosphatase and osteocalcin, which

represent bone formation, and in urinary

hydroxyproline and pyridinoline crosslinks,

which represent bone resorption. This

suggestion of a raloxifene-induced slowdown

in turnover was supported by Delmas et al in a

larger and randomized, placebo-controlled

study of 601 postmenopausal non-

osteoporotic women.18 Raloxifene, in a dose of

60 mg/day, induced a significant fall in serum

alkaline phosphatase, osteocalcin, and also

urinary type I collagen C-telopeptide, the

latter reflecting bone resorption, over a 24

month period. The translation of reduced

turnover into maintenance of BMD was also

examined in the study and it was shown that

raloxifene-treated patients exhibited at 24

months a percentage BMD gain of 2.4  0.4

at the spine and of 2.4  0.4 at the hip. That

these gains were not being achieved at the

expense of bone mineral density elsewhere was

attested by a total body bone mineral density

gain of 2.0  0.4 (p < 0.001). In the above

study all participants were rendered calcium

replete by supplementation with a minimum

of 400 mg of elemental calcium daily and

hence the effects on bone are indeed likely to

be caused by raloxifene.

Data on raloxifene and vertebral fracture

have recently appeared in a report by Ettinger

et al on 3 years’ experience with raloxifene in

the MORE (Multiple Outcomes of Raloxifene

Evaluation) study, which enrolled 7705

osteoporotic women, randomized to receive

placebo, raloxifene 60 mg/day, or raloxifene

120 mg/day.19 All participants received

calcium / vitamin D supplements. Bone

density measurement was by dual energy

X-ray absorptiometry (DEXA) at 12 month

intervals and vertebral deformation and

fracture were assessed blindly on a

semiquantitative scale of 0–3 as described by

Genant et al.20 Overall, the relative risk of a

first vertebral fracture in a raloxifene-treated

patient receiving 60 mg/day was 0.70 (95%

CI, 0.50–0.80). Protection was present

whether or not patients had a pre-existing

vertebral fracture. When such a fracture was

present the risk of a subsequent fracture was

0.70 (95% CI, 0.60–0.90); when it was not,

the risk fell to 0.5 (95% CI, 0.40–0.80). The

60 mg/day raloxifene regimen increased BMD

at the femoral neck by 2.1%, which was

significantly greater than in the controls

(p < 0.001) but neither at this nor at any other

non-spine site was any difference in fracture

incidence found (RR 0.9; 95% CI, 0.8–1.1).

The vertebral fracture protection data are

encouraging but it remains to be seen whether

the all-important long-term effect of femoral

neck fracture prevention will be achieved.

Further interventive studies on older

populations will be required to rest such a

proposal.
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Cardiovascular system

A wealth of observational data support the

concept of oestrogens being active in the

primary prevention of atherosclerosis and

subsequent cardiovascular events (see

Chapters 5, 6, 7 and 8). It would obviously be

desirable if such activity extended to SERMs,

and this has been a major area of study. It is

important to stress that all studies to date have

examined cardiovascular disease from the

viewpoint of primary prevention. The role of

oestrogen as a secondary preventive agent in

patients with existing disease is contentious—

following the publication of the Heart and

Estrogen/progestin Replacement Study

(HERS) in 1998, in which there was an excess

of cardiovascular events in the hormone

replacement therapy (HRT) group compared

with controls during the first 12 months of

study.21 An examination of the effect of

raloxifene on lipid profile behaviour was

reported by Walsh et al.22 In this randomized,

placebo-controlled trial, the standard dose of

60 mg/day raloxifene induced significant falls

of some 12% in low density lipoprotein

cholesterol (LDL-C) and of 8% in

lipoprotein(a). Although no change was found

in the level of the protective high density

lipoprotein cholesterol (HDL-C) there was a

significant rise in the HDL2-C subfraction.

No change was found in the level of

triglycerides or in plasminogen activator

inhibitor 1. On the blood coagulation front,

raloxifene lowered plasma fibrinogen

significantly and did not change

fibrinopeptide A or either of the prothrombin

fragments. In the study of Delmas et al the

60 mg daily raloxifene regimen, given to some

152 women over 2 years produced a similar

picture with a significant reduction in LDL-C

and no change in HDL-C and triglycerides.18

This group did not report on indices of blood

coagulation or fibrinolysis.

Thus, the picture is complex and

significantly different from that wrought by

conventional oral HRT therapy with its

significant fall in total circulating cholesterol

and rise in triglycerides. In animal studies a

confused picture has emerged. Raloxifene

inhibits the accumulation of cholesterol in the

aorta of oophorectomized rabbits23 whereas in

a primate model Clarkson et al failed to detect

any effect of raloxifene on coronary artery

atherogenesis in cynomolgus monkeys.24 No

human studies have yet been powered to

detect changes in clinical cardiovascular end-

points and hence no statement can yet be

made as to whether the above-mentioned lipid

change will translate into clinical effect. In

MORE, all-cause mortality over 3 years did

not differ between the raloxifene-treated and

the control groups.

Effects on the breast

In many studies one of the prime disincentives

to the acceptance or continuation of
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conventional HRT is the perceived risk of

breast cancer,25 which remains the most

common malignancy in UK females. Since

raloxifene was originally synthesized as one of

a group of benzothiphenes for potential use in

breast cancer, it has been of considerable

interest to examine its effect on this

malignancy in controlled trials.

Recently Cummings et al 26 reported that

among the 5129 women in the MORE trial

randomized to receive raloxifene there

developed, over the subsequent 3 years, 13

cases of invasive breast cancer. Among the

2576 placebo-treated controls there developed

27 cases of invasive breast cancer. The overall

relative risk of breast cancer in treated women

was 0.24 (95% CI, 0.13–0.44). As with

tamoxifen, the effect appears to be

concentrated against the more common

ER-positive cancers, the relative risk of which,

again compared with placebo, fell to a

remarkable 0.10 (95% CI, 0.04–0.24). In

contrast, ER-negative cancers showed no

change (RR � 0.88, 95% CI, 0.26–3.0).

However, numbers of these latter tumours

were small, as evidenced by the wide

confidence interval. Since mammograms of

treated patients do not show the increase in

radio-opacity found with HRT regimens, it is

unlikely that any observational or test bias was

operating. It should be understood that breast

cancer prevention was a secondary not a

primary end-point of MORE, and the study

population, being osteoporotic, were at no

excess risk of the disease. However, the

incidence of invasive breast cancer in the

control group was no different than that

expected for this population and it would

appear, prima facie, that a useful effect is

present. Given that breast tumours are present

for months or even years before coming to

clinical notice it is likely that the raloxifene

effect is one of suppression rather than

primary prevention. Hence, it will be

necessary to follow up a significant number of

patients exiting the study to detect any

rebound phenomenon. The ability of

raloxifene to reduce the incidence of invasive

breast cancer in a group of women at high risk

is being explored in the Study of Tamoxifen

and Raloxifene (STAR) now recruiting in

North America.

Adverse effects of treatment

Raloxifene is generally well tolerated. In the

MORE study less than one in 10 of

participants withdrew due to an adverse event,

although it should be noted that in the study

of Delmas et al the dropout rate was 25%, the

reasons for which were unspecified by the

authors.18 Experience in the MORE study was

that side-effects were usually mild and

transient, the most common being vasomotor

symptoms, hot flushes and sweats, calf

cramps, and peripheral oedema.19 More

significant was the incidence of venous

thromboembolic phenomena. In MORE

Adverse effects of treatment 167



there were 18 DVTs and 10 pulmonary

emboli among the group receiving 60 mg

daily raloxifene, the numbers among the

placebo group being five and three,

respectively. Overall, the relative risk of

venous thrombo-embolism (VTE) in the

raloxifene group compared with placebo was

3.1 (95% CI, 1.5–6.2),26 an increase

comparable to that consistently found with

conventional HRT.27,28 Given that raloxifene

reduces plasma fibrinogen and does not

appear to inhibit fibrinolysis, no explanation

for these data is presently available and is

urgently required.

Effects on the uterus

The uterus is of course exquisitively sensitive to

oestrogen, responding to oestradiol stimulation

with increased blood flow and endometrial

proliferation. Given that the avoidance of cyclic

or unscheduled bleeding is a prime objective in

terms of adherence to oestrogen therapy, the

uterine effects of raloxifene have been carefully

studied. Clinically, patients receiving 60 mg

raloxifene in the MORE study reported a 3.4%

incidence of vaginal bleeding, no different from

the rate occurring among placebo-treated

controls.26 At 40 months of follow-up, there

had been only 10 cases of endometrial cancer

among the total enrollment of 7705. The

relative risk of this tumour among raloxifene-

treated women was 0.8 (95% CI, 0.2–2.7).

The absence of bleeding is a most welcome

clinical development as is the apparent lack of

effect on uterine cancer, given that cyclic HRT

regimens may be associated with such tumours.

Conclusion

The first of the second-generation SERMs was

licensed in 1998. During that time two other

agents, levormeloxifene and idoxifene, have

been withdrawn from clinical trial because of

adverse events, principally endometrial

stimulation and, in the case of idoxifene, an

excess of cases of uterovaginal prolapse.

Raloxifene, however, appears to be well

tolerated and the general absence of breast and

uterine adverse events is a significant advantage.

Patients do not, however, achieve a reduction

in menopausal symptoms, and where such are a

clinical problem conventional HRT must

retain the central role. Similarly, there are as yet

no data on the ability of raloxifene to control

the vaginal dryness and associated dyspareunia

that can be so distressing to postmenopausal

women; here again systemic or local oestrogen

therapy is indicated. Future studies with

SERMs will need to address the issue of

cardiovascular protection, cognitive function,

and neurodegeneration.

The patient in whom the use of a SERM is

indicated is a postmenopausal women at risk

of osteoporosis-related vertebral fracture.

These agents will be of particular value in

patients who have experienced adverse events

during HRT therapy or who are unable to
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accept bleeding or the small but quantifiable

increased risk of breast cancer. For the

present, in a patient at risk of osteoporosis, a

general schedule for oestrogen use after

menopause might involve the use of

conventional HRT for the vital sixth

decade—the decade after menopause—

followed by an actuarial assessment of future

fracture risk using validated clinical risk

factors and BMD measurement by DEXA of

the hip and spine. In patients manifesting

significant risk of fracture—the risk roughly

doubles for each standard deviation fall in

BMD—the option will be to switch to an

SERM or to continue with conventional HRT

or use a bisphosphonate. Densitometric

follow-up will be required and all women at

risk should make any necessary lifestyle

adjustment to take a diet that is calcium /

vitamin D replete and an activity pattern

producing adequate weight-bearing exercise.

The SERMs are a major step forward in

therapeutics. They are the fruit of our new

understanding of the complexity of oestrogen

receptor structure and function, a complexity

that has been correctly seen not as an obstacle

but as an opportunity. These purpose-

designed agents will, with increasing

sophistication, maintain oestrogenic action

wherever in physiology the hormone and its

receptor have been adopted as a signal

transduction system, while dispensing with

those reproductive actions that become

redundant with menopause and whose

reactivation is, at best, an encumbrance and,

at worst, a clinical hazard.
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