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Chapter 1

A brief introduction to menopause

and its treatment

1.1 Menopause

Menopause is a natural process in female’s body when the menstruation cycle com-
pletely stops, and women are no longer able to get pregnant. Usually, it happens to
women at the age of 50 to 55 years, but it can occur early due to surgical hysterec-
tomy, chemotherapy or many other reasons. The average age for women to reach the
menopause in the United Kingdom (UK) is 51 years (Bupa, 2018). There are three
stages of menopause, such as perimenopause/pre-menopause, menopause, and post-
menopause. In perimenopause stage, the menstruation cycle starts to be irregular, and
after several consecutive months of irregular periods, it completely stops and eventu-
ally women reach the menopausal stage. Most women in the western world suffer from

menopausal symptoms. Some of them can be severe and have significant impact on
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daily activities. In medical literature, menopause is also termed as climacteric.

1.1.1 Symptoms of menopause

Various symptoms are faced by women who reach menopause, and they vary widely
from woman to woman. These symptoms usually start from the perimenopausal
stage and can persist up to postmenopausal stage. The common symptoms are hot
flashes, night sweats, mood swings, sleep disturbances, vaginal dryness, lack of libido,
headache, palpitation, and urinary incontinence. Among these, hot flashes and night
sweating are commonly faced by most women, and these symptoms are collectively
called vasomotor symptoms. Around 80% of women in the western countries are af-
fected by these menopause-related symptoms (Freeman and Sherif, 2007). Menopause
can also increase the risk of developing a number of other medical conditions, such
as osteoporosis, dementia, gynaecological cancers, breast cancer, and cardiovascular
disease, as the level of female sex hormones, estrogen/oestrogen and progesterone fall
sharply after menopause. Before menopause, the risk of getting cardiovascular disease
is lower in women than men but it alters after the menopause. The risk of dementia

is also higher in women than men after menopause.

1.1.2 Diagnosis of menopause

Usually the signs and symptoms of menopause are sufficient to tell most women that
they reached the menopausal transition. However, in some cases, doctors recommend

a blood test to women if they are in their 40s, and are suffering from menopausal
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symptoms. The blood test measures the hormones called FSH (Follicle Stimulating
Hormone) and oestrogen (Mayo Clinic, 2018). FSH level raises and oestrogen level
decreases in menopausal women. These tests should not be offered to the women
who are taking contraceptives containing oestrogen and/or progestogen because the
contraceptives change natural FSH and oestrogen levels in the blood (GP Notebook,
2016). Vaginal pH level test is another effective method to confirm the menopause.
The pH level is about 4.5 in vagina during the reproductive years. In menopausal

stage, it rises up to 6.0 (Healthline, 2018).

1.1.3 Treatment for menopausal symptoms

There are a number of different hormonal and non-hormonal treatments available to
relieve the menopausal symptoms. Among them, Hormone Replacement Therapy is
the most common and effective way to treat menopausal symptoms as well as to
ameliorate the long term impact of menopause. Some complementary and alternative
therapies, such as herbal therapies are also available to treat menopausal symptoms,

but there is not enough scientific evidence to support these treatments.

1.2 Hormone replacement therapy in menopause

Hormone replacement therapy (HRT) is a treatment that is commonly used to alle-
viate troublesome menopausal symptoms. HRT involves replacing estrogen-only or
both estrogen and progesterone hormones which are at a lower level as menopause

approaches in women. Different types, routes, forms, and preparations of HRT are
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used to treat menopausal symptoms depending on the medical conditions and severity
of the symptoms. It is also known as menopausal hormone therapy (MHT), estrogen

therapy (ET), estrogen replacement therapy (ERT), and hormone therapy (HT).

1.2.1 History of hormone replacement therapy

Hormone replacement therapy has been used for more than 60 years to treat menopausal
estrogen deficiency in women. HRT was first available in the 1940s but it was used
more widely from the 1960s (Panay et al., 2013). In 1943, estrogen was first available
in the market under the name Premarin which is extracted from the urine of pregnant
mares (Anderson et al., 2007). At the same time, there are another form of female hor-
mones known as bioidentical hormones, also used for HRT treatment. These hormones
are synthesised from soya bean or yam in laboratories and their molecular structures
are the same as hormones produced in woman’s body (Cirigliano, 2007). HRT was first
used in the UK in 1965 (Women’s Health Concern, 2017). Following three decades of
the use of the estrogen-only for HRT treatment, researchers found that in the absence
of progesterone in HRT, women are more likely to develop endometrial hyperplasia
which gradually leads to endometrial cancer (Burkman et al., 2001). The combination
of estrogen and progesterone therapy was initiated in women who had not received
surgical hysterectomy after this finding. These days there is a wide selection of es-
trogen and progesterone hormone therapy available. The hormones come from both

natural extraction and in synthesised form, and under various brand names.
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1.2.2 Types and routes of administration of HRT

There are many different kinds of HRT available to treat unpleasant menopausal symp-
toms. These can be taken orally as tablets or non-orally like transdermal patches,
implants, and by many other alternative ways, such as gel, cream, vaginal ring, and
injection. HRT comes with estrogen-only or combination of both estrogen and pro-
gesterone hormones. Combination of estrogen and progesterone hormones in HRT are
known as combined therapy or combined HRT. Types of drugs used in estrogen-only
therapy include estradiol, estrone, estriol, 17-(-estradiol, and tibolone. Among these,
17-(-estradiol, estrone, and estriol are the bioidentical form of hormone estrogen. The
hormone progestogen is a synthetic version of the hormone progesterone and drug
types include dydrogesterone, medroxyprogesterone, norethisterone and levonorgestrel
(NHS Choices, 2016). Micronized progesterone is a bioidentical form of the hormone
progesterone (Cirigliano, 2007). Estrogen-only HRT is used for women who have had
hysterectomy. Combination therapy is used if women have uterus because proges-
terone safeguards the uterus from endometrial cancer. Estrogen and progesterone are
marketed under a large number of brand names in different parts of the world. Ex-
amples of major brand names in which estrogen has been marketed include Climara,
Climen, Dermestril, Divigel, Estrace, Natifa, Estraderm, Estraderm TTS, Estradot,
Estreva, Estrimax, Estring, Estrofem, Estrogel, Evorel, Fem7 (or FemSeven), Menor-
est, Oesclim, Oestrogel, Sandrena, Systen, and Vagifem. For progesterone, the major
brand names are Prometrium and Provera. Combined HRT is available under the

brand names Activelle, Angelic, Cliane, Femhrt, Prefest, Prempro, Climara pro, Com-
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Figure 1.1: Different routes of administration of Hormone Replacement Therapy

bipatch, Estalis, Eviana, Evorel Conti, Evorel Sequi, Kliogest, Novofem, Sequidot, and

Trisequens (FDA, 2018).

It is important to consider which type of HRT is good for an individual to get the
best outcome from the therapy. Treatment should be prescribed according to patients’
symptoms, age, and any medical conditions. In Figure 1.1, we draw a flow chart of
different routes of administration of hormone replacement therapy. In Table 1.1, we
list different classes of HRT, their trade names, and the other drugs available in the
same class. Table A.1 presents the brand and generic names of different drugs class

along with their routes of administration.
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Table 1.1: Different classes of drugs used for hormone replacement therapy

Drug class

Trade name

Other drugs

in the same class

Estrogen/Oestrogen Conjugated Equine Estrogen (CEE)
Conjugated Estrogen (CE)

Progesterone

Premarin

Progestogen /Progestin

Estradiol/Oestradiol
Estriol

Estrone

Tibolone
17-B-estradiol

Dydrogesterone
Medroxyprogesterone
Norethisterone
Levonorgestrel

Micronized progesterone

Table 1.2: Routes of administration of different classes of drugs used for HRT and their

brand names

Routes of administration Generic name

Brand name

Oral tablets

Estrogen-only:
Estradiol
Estradoil acetate
Estradoil valerate

Micronized estradiol

Progesterone-only:
Micronized progesterone
Medroxyprogesterone

acetate

Combination of both:

Estrofem
Femtrace
Progynova

Estrace

Prometrium

Provera

Estradiol/Norethindrone acetate Activella

Continued on next page
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Table 1.2 — Continued from previous page

Routes of administration Generic name Brand name
Estradiol /Drospirenone Angeliq
Ethinyl estradiol/ Fembhrt
Norethindrone acetate
Estradiol/Norgestimate Prefest
Conjugated estrogen/ Prempro
Medroxyprogesterone
Transdermal patches Estrogen-only: Alora
Estradiol Climara
Minivelle
Vivelle
Vivelle-Dot
Menostar
Estraderm

Combination of both:
Estradiol /Levonrgestrel Climara Pro

Estradiol/Norethindrone acetate Combipatch

Topical gels Estrogen-only: Estrogel

and oinments Estradiol Estrasorb
Estropipate Rontagel
Conjugated estrogens Divigel

Elestrin

Nasal sprays Estrogen-only: Aerodiol
Estradiol

Injections Estrogen-only:
Estradiol valerate Delestrogen
Estradiol undecylate Progynon Depot
Polyestradiol phosphate Estradurin
Estradiol cypionate Depo-Estradiol

Vaginal ring Estrogen-only:

Continued on next page
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Table 1.2 — Continued from previous page

Routes of administration Generic name Brand name
Estradoil Estring
Estradoil acetate Femring

1.3 Risks and benefits of using HRT

To date, numerous research has been carried out to establish the mortality/ longevity
and morbidity risks of HRT treatment as well as to investigate its effect on various
diseases. However, there is still uncertainty regarding the risks and benefits of its
use. Most studies related to HRT are regional, observational, and considered a small
number of participants (Brenner et al., 1994; Christiansen, 1996; Ettinger et al., 1996;
Cass and Runowicz, 1998; Zandi et al., 2002; Hodis et al., 2003; Schuetz et al., 2007,
Anderson et al., 2007; Freeman and Sherif, 2007; Schierbeck et al., 2012). The Heart
and Estrogen/Progestin Replacement Study (HERS) was the first randomised, dou-
ble blinded, placebo control trial that evaluated the outcome of combined HRT on
cardiovascular events in 2,763 postmenopausal American women who have had prior
history of coronary heart disease (CHD) (Wells and Herrington, 1999). They found
179 women in the hormone group, and 182 women in the placebo group who suf-
fered either a non-fatal myocardial infarction or CHD death (Relative Risks (RR)=
0.99; 95% confidence interval (CI), 0.81-1.22). In 1993, the Women’s Health Initiative
(WHI) set up a randomised, placebo control trial in the United States of America

(USA) to examine the risks and benefits of both estrogen-only and combined HRT
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among postmenopausal women (Women’s Health Concern, 2017). This is considered
one of the biggest clinical trials in HRT history. Another largest observational study,
the Million Women Study (MWS) comprising more than one million women in the UK
was set up in 1996 to investigate the effects of HRT on breast cancer incidence and
death (Emily et al., 2003). A publication from the WHI in 2002 opposed the use of
HRT after finding that HRT increases the incidence of breast cancer (Rossouw et al.,
2002). In 2003, MWS also raised concern regarding the safety of HRT (Emily et al.,
2003). As aresult of these two major studies, HRT user count decreased from 2 million
to less than 1 million in the UK between 2002-07 (Women’s Health Concern, 2017).
However, rigorous investigations are required to confirm these results since a number
of flaws in the design of these two studies have been found. A Bayesian meta-analysis
by Salpeter et al. (2009) comprising 19 randomised control trials and 8 observational
studies on HRT and mortality in 228,171 younger postmenopausal women indicates
an overall reduction of mortality in HRT user compared to life-time non-user. Their
findings show that a treatment starting shortly after menopause and its long term
continuation may prevent a number of diseases such as osteoporosis, atherosclerosis,
and reduce mortality. A recent analysis of WHI shows that HRT was not associated
with risk of all-cause, cardiovascular, or total cancer mortality during a cumulative
follow-up of 18 years (Manson et al., 2017). The risks of morbidity and mortality in
women undertaking hormone replacement therapy may vary depending on their age,
individual health conditions, and the doses they are taking. Careful consideration of

individual health condition is necessary before prescribing HRT treatment. Therefore,
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further research is crucial to clearly understand how HRT affects younger and older
postmenopausal women, to provide a better treatment and good quality of life for
them after menopause.

In Chapter 2, we provide findings of several studies published over time on HRT on
all-cause, and cause-specific mortality. These findings will give us a glimpse on the
pattern and current state of use of HRT and its impact on women, and in particular

in the UK.



Chapter 2

Review on existing HRT research

In this chapter, we first describe the design and settings of some major studies that
investigated the risks and benefits of HRT use. Then we outline some of the previous

research findings on HRT and its impact on various diseases.

2.1 Major studies on HRT

In this section, we outline the three largest studies on HRT on women’s health: the
Women Health Initiative Study, the Million Women Study, and the Nurses’ Health
Study which were highlighted in most HRT related research. We provide the results

from these studies in later sections of this chapter.

2.1.1 Women’s Health Initiative Study

The Women’s Health Initiative (WHI) study is a large and long term national health

study focused on assessing some of the most common causes of mortality and morbid-

12
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ity among American postmenopausal women, including cancer, cardiovascular disease,
and osteoporotic fractures. Set up in 1993, the WHI enrolled 161,808 healthy post-
menopausal women of age 50—79 into three randomised control trials (RCTs) and an
observational study (OS) at 40 US clinical centres (WHI Organization). RCTs con-
sisted of three separate trials: Hormone Therapy, Calcium/Vitamin D, and Dietary
Modification trial (Anderson et al., 1998). In Hormone Therapy trial, WHI enrolled
27, 347 women to investigate the risks and benefits of receiving conjugate equine estro-
gen (CEE) and CEE plus medroxyprogesterone acetate (MPA) therapy on coronary
heart disease (CHD), bone fractures and breast cancer. Treatment group was pro-
vided daily oral CEE (0.625 mg)-alone or in combination with MPA (2.5 mg). In
Calcium/Vitamin D and Dietary Modification trial, WHI enrolled 36,282 and 48,835
participants respectively. There were 68,132 women in total who participated in ran-
domised control trials. Observational study consisted of 93,676 postmenopausal women
in total. All participants from the Calcium/Vitamin D trial also participated in Di-
etary Modification trial. 8,050 women participated in both Hormone Therapy and
Dietary Modification trial. At the end of the initial study period in 2005, WHI Exten-
sion Studies (2005-2010, 2010-2020) continued follow-up of all women who consented
(WHI Organization). Figure 2.1 is extracted from WHI Organization which shows the

numbers of the participants of different groups in the trial.
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Figure 2.1: Design and participants of WHI clinical trial.

Source: hitps://www.whi.org/SitePages/WHI%20Home.aspx

2.1.2 The Million Women Study

The Million Women Study (MWS), a multi-centre, population based prospective co-
hort study was set up in the UK between 1996 and 2001 to investigate the effects
of HRT on women’s health and specifically, on the incident and fatal breast cancer.
The MWS invited women aged 50—64 years to attend at 66 national health service
breast screening centres, and to participate in the study. Women received a study
questionnaire at these centres, which they were asked to complete and return at the
time of breast screening. Around 70% of those attending the programme returned the
questionnaires and agreed to take part in the study (University of Oxford). Over 1.3
million women enrolled in the study during the study period. Approximately, one in
every four women in the UK participated in the study, and this marked MWS as the

world’s largest observational study of its kind.
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2.1.3 The Nurses’ Health Study

The nurses health study (NHS), a large prospective cohort study in the USA, began
in 1976 with an aim to investigate the association of diet, smoking, physical activ-
ity levels, obesity, oral contraceptive use, hormone therapy, endogenous hormones,
dietary factors, and other behaviors and characteristics with various chronic diseases
in women. The study is divided into three cohorts: NHS original cohort, NHS II,
and NHS 3 (Harvard School of Public Health). It recruited registered nurses of ages
30—55 years from across the different states of America to respond to a set of baseline
questionnaires. The NHS original cohort started in 1976 and it consisted of 121,700
married women. The NHS IT cohort began in 1989 with 116,430 single and married
women of ages 25—42. The NHS 3 cohort started in 2010 and it adds licensed practice
nurses and licensed vocational nurses to NHS II cohort. The enrolment of NHS 3
cohort is currently open. From the beginning of NHS original cohort to NHS 3, more

than 280,000 participants enrolled in the programme.

2.2 HRT and its impact on longevity

There are numerous observational studies and randomized control trials that inves-
tigated the all-cause and cause specific mortality among the HRT users. Most of
the studies took place in the developed countries, and majority of them were in the
USA and UK. A significant number of studies took place in other European countries,
such as Finland, Denmark, Sweden, the Netherlands, Poland, and Italy. However,

results from these studies on HRT and longevity are inconsistent. Hunt et al. (1990)
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studied a longitudinal cohort of 4,544 females of age 45—54 in England and Wales
who used long-term opposed or unopposed HRT. Participants were monitored until
death, paying particular attention to cardiovascular mortality, death from breast and
endometrial cancer, and death attributed to suicide and suspected suicide. Their re-
sults showed that overall mortality was significantly lower than expected among HRT
users compared to national mortality rate (RR= 0.56; 95% CI, 0.47-0.66). When spe-
cific causes of death were considered, the higher mortality rates were those for injury,
poisoning and violence, and for suicide and suspected suicide (RR= 1.54; 95% CI,
1.02-2.06 and RR= 2.40; 95% CI, 0.68-3.11 respectively). Folsom et al. (1995) per-
formed a prospective cohort study on 41,070 postmenopausal lowa women aged 55—69
who were followed up for 6 years, and founds reduced risk in all-cause mortality (RR=
0.78; 95% CI, 0.65-0.94). A meta-analysis of thirty randomized control trials consist-
ing of 26,708 participants performed by Salpeter et al. (2004) investigated all-cause
deaths and deaths due to cardiovascular disease, cancer, or other causes of mortality in
younger and older postmenopausal women. Their findings showed that HRT reduced
mortality in the younger age group (Odds ratio (OR) = 0.61; 95%CI, 0.39-0.95), but
not in the older age group (OR= 1.03; 95%CI, 0.90-1.18). For all ages combined, HRT
did not significantly affect the risk for cardiovascular or cancer mortality, but reduced
mortality from other causes (OR = 0.67; 95%CI, 0.51-0.88). Persson et al. (1996)
conducted a cohort study of cancer incidence and mortality in 22,597 Swedish women
receiving estrogen and estrogen-progestin replacement therapy who were followed up

for thirteen years. Their findings reveal that, the use of combined therapy was as-
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sociated with an increasing relative risk of breast cancer (RR=1.4; 95% CI, 1.1-1.8).
The relative risk of endometrial cancer was substantially increased, with the highest
RR of 5.0 and 95% CI, 1.6-5.9 in women prescribed estrogen-alone, whereas those
given combined therapy showed no elevation in risk. HRT reduces overall mortality
by 30% when started in young postmenopausal women who are less than 60 years
old and continued for a long-term period (Hodis and Mack, 2014). A Bayesian meta
analysis of 19 randomized control trial and and 8 observational studies conducted by
Salpeter et al. (2009) also found that HRT decreases the mortality rate for younger
postmenopausal women. Their study concur with the Nurses’ Health Study performed
by Grodstein et al. (1997). Grodstein et al. (1997) also reported that current hormone
user with coronary risks factor had the largest reduction in mortality (RR=0.51; 95%
CI, 0.45-0.70 ). Boardman et al. (2015) performed a meta-analysis consisting 19 ran-
domised control trials of 40,410 postmenopausal women to observe the effects of oral
HRT for preventing cardiovascular disease. They find no protective effects of HRT for
all-cause mortality, cardiovascular death, non-fatal myocardial infraction, angina, or
revascularisation. The impact of any kind HRT on the risk of mortality may change
depending on many factors such as individual the health condition, specific disease,
family history of any kind of cancer etc. So, health professionals should give careful

consideration before prescribing different HRT.
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2.3 Effect of HRT on various diseases

Numerous observational studies as well as a large number of randomised control trials
has been carried out to find the effects of HRT on several life threatening diseases.
Majority of these studies focused on morbidity and mortality of a specific disease
associated with HRT. Here, we provide a literature review on the impact of HRT
on various chronic diseases. In the following discussion, We only consider studies
comprising sample sizes greater than or equal to 8,000. All of the studies selected for

this literature review on HRT are summarised in the Appendix A.

2.3.1 Osteoporosis

Osteoporosis is a condition that decreases the bone mass density and makes bone
more fragile. It is one of the most common causes of morbidity and mortality in post-
menopausal women in the western countries. Due to estrogen deficiency, bone density
decreases sharply in women and causes significant amount of bone loss during the post-
menopausal years. This is why the risk of developing osteoporosis is higher in women
as they approach the menopause (Gauthier et al., 2011). People with osteoporosis
are facing most common injuries like wrist fracture, hip fracture and fractures of the
vertebrae. According to the national health records, the number of postmenopausal
women living with osteoporosis in the UK was 1.8 million in 2010. Gauthier et al.
(2011) predicted that the number will increase to 2.1 million by 2020. They use osteo-
porotic data from 2010 and using 1-year cycle Markov model, forecast the numbers up

to 2020. A report published by the International longevity Centre (ILCUK, 2010) on
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the current management of postmenopausal women aged 55 or over in the UK shows

the following alarming results:

Overall, the number, rate and cost of fractures among women of this age group

is rising;

The level of hospital stays has increased from approximately 78,000 in 2004/05

to 88,000 in 2008/09, an increase of 13%;

Adjusting these figures for population size, the level of hospital admissions has
increased from 10.4 per 1,000 population in 2004/05 to 11.4 per 1,000 population

in 2008/09;

The tariff cost has risen from approximately £390 million in 2005/06 to over

£430 million in 2008/09;

The total cost to the NHS of hospital stays alone is in excess of £400 million per

year for women in this age group;

Nearly 10% of women aged over 55 years who go into hospital with a fracture

die while they are an in-patient — this equates to around 6,000 deaths per year;

There is significant regional variation in levels of fracture admissions for women.

Several epidemiological studies have shown that long term use of HRT provides pro-

tection against bone fractures (Christiansen, 1996; Cauley et al., 2003; Salpeter et al.,

2009). A WHI trial of estrogen plus progestin showed 34% reduction in hip and clinical

vertebral fracture and 24% reduction in total osteoporotic fractures (Manson et al.,
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2013). Further analysis from WHI trial showed an overall 33% hip fracture decrease in
women who received the CEE plus MPA and CEE-alone compared with the placebo
group (Manson et al., 2017). A significant fracture benefit persisted over thirteen years
for women assigned to CEE plus MPA group in the WHI trial (Hazard Ratio (HR)=

0.81, 95% CI, 0.68-0.97).

2.3.2 Dementia

Dementia is a chronic cognitive disorder that affects communication and performance
of daily activities. Alzheimers disease (AD) is the most common form of dementia,
causing 60%—80% of all dementia cases (Alzheimer’s Associations). It specifically af-
fects parts of the brain that control thought, memory and language. Older women
are at a greater risk of Alzheimer disease than men due to postmenopausal estrogen
deficiency (Zandi et al., 2002). Over the past two decades, a number of observational
studies (Henderson et al., 1994; Paganini-Hill and Henderson, 1994, 1996; Kawas et al.,
1997; Baldereschi et al., 1998; Zandi et al., 2002), randomized control trials (Mulnard
et al., 2000; Wang et al., 2000) and a few meta-analyses (LeBlanc et al., 2001; Hen-
derson, 2014) have been carried out to examine the relationship between HRT treat-
ment and the risk of developing AD. Many of the observational studies suggested that
early initiation after menopause and long term use of HRT delays the onset of AD
(Paganini-Hill and Henderson, 1996; Kawas et al., 1997; Baldereschi et al., 1998). But
a meta-analysis of nine randomized clinical trials of estrogen conducted by Hender-

son (2014) founds no improvement in cognitive symptoms in AD women who received
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HRT. Some research also found adverse effect of HRT treatment in women with AD
(Mulnard et al., 2000). However, most of these studies considered only a small num-
ber of participants. Thus, the impact of HRT on dementia is not clear. Imtiaz et al.
(2017) conducted an observational study on postmenopausal hormone therapy and
Alzheimer disease in Finland. Their study comprised 8,195 women of ages 47—56 who
were followed up for 20 years. They found that postmenopausal estrogen use was not
associated with AD risk in register-based or self-reported data (HR= 0.92, 95% CI,
0.68-1.2 and HR=0.99, 95% CI, 0.75-1.3 respectively). A subgroup study, known as
WHI Memory Study (WHIMS) enrolled women from WHI estrogen plus progestin
trial to evaluate the effect of HRT on the incidence of dementia and mild cognitive
impairment compared with placebo (Shumaker et al., 2003). Their report showed that
combined HRT increased the risk of dementia in postmenopausal women aged 65 years
or older. They enrolled 4,532 healthy postmenopausal women who were free of proba-
ble dementia and aged 65 years and older for the study. Probable dementia as defined
in their study included Alzheimer’s disease (AD), vascular dementia (VaD) and mixed
types (both AD and VaD). After an average four years of follow up, the study found
that overall 61 women were diagnosed with probable dementia. Among them 40 (66%)
in the estrogen plus progestin group and 21 (34%) in the placebo group. The hazard
ratio for probable dementia was 2.05 (95% CI, 1.21-3.48; P = .01). At the same time,
another WHI subgroup study on 2,947 hysterectomized women aged 65—79 years eval-
uated the effects of daily CEE (0.625 mg)-only on the incidence of probable dementia

(Shumaker et al., 2004). After an average follow-up of 5.2 years, the study found that
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the relative risks of probable dementia for CE-alone versus placebo was 1.49 (95% Cl,
0.83-2.66). The absolute risk of probable dementia for CEE plus MPA versus placebo
was 45 versus 22 cases, and for CEE-alone versus placebo the risk was 37 versus 25
cases per 1000 women-years. Results from the studies on HRT on dementia appears

that late initiation of HRT may be detrimental for dementia.

2.3.3 Cardiovascular disease

Cardiovascular disease (CVD) is a group of disorders related to the heart and blood
vessels. CVD mainly includes coronary heart disease (CHD), stroke, transient is-
chaemic attack, peripheral arterial disease, heart attack, deep vein thrombosis, and
pulmonary embolism. There are an estimated 3.5 million women living with CVD in
the UK, with around 78,000 dying from conditions such as heart attack and stroke
each year, accounting for a quarter of all female deaths (British Heart Foundation,
2016). CVD kills more than twice as many women as breast cancer in the UK. It
is believed that oestrogen helps to reduce the formation of fatty-plaques in women’s
heart. So, after menopause, women are more likely to develop cardiovascular disease
than men. Menopause can also cause palpitations in the heart due to the reduction
of female hormones. An observational study conducted by Gast et al. (2011b) showed
that women with vasomotor symptoms have an increased risk of CHD. Most of the
observational studies suggest that HRT may have beneficial effects in lowering the risk
of cardiovascular events among postmenopausal women (Grodstein et al., 1994; Grod-

stein and Stampfer, 1995; Grodstein et al., 1997; Boardman et al., 2015). However,
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results from the randomised control trials showed mixed results (Hulley et al., 1998;
Hodis et al., 2003; Schierbeck et al., 2012). Some studies showed that HRT may protect
women from cardiovascular disease if started around the time of menopause (Hodis
and Mack, 2014), but initiation after 10 years of menopause could be harmful (Hulley
et al., 1998). Gast et al. (2011a) pooled data from a Dutch and Swedish population-
based sample of 10,787 women of age 46 to 64 years who were free of CVD at baseline
to study the effect of HRT on CVD. However, they did not find any associated risk of
CVD in HRT user compared to non-user. Grodstein and Stampfer (1995) found that
women who are receiving HRT treatment currently are at 50% lower risk of occurring
CHD than a never user. However, WHI study failed to show any relation between
HRT and CHD through their large randomised, double blinded, and placebo control
trial (Manson et al., 2013). The Heart and Estrogen/Progestin Replacement Study
(HERS), a randomised, double-blinded, placebo control trial on combined HRT also
found no overall reduction in risk of CHD events among postmenopausal women with
CHD (Hulley et al., 1998). A recent systematic review conducted by Boardman et al.
(2015) to assess the effects of oral hormone therapy for preventing cardiovascular dis-
ease included 19 randomised trials consisting 40,410 postmenopausal women in total.
Their findings showed that HRT conferred no protective effects for all-cause mortal-
ity, cardiovascular death, non-fatal myocardial infraction, angina, or revascularisation.
They also found an increased risk of stroke in the HRT users compared to non-users
(RR=1.24, 95% CI, 1.10-1.41). Thus the risks and benefits of HRT on CVD have not

been fully understand so far.
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2.3.4 Breast cancer

The use of HRT and the incidence of breast cancer is controversial. Several studies
have been carried out to investigate the impact of HRT on breast cancer incidence and
most of the outcomes do not support the use of HRT (Manson and Martin, 2001; Man-
son et al., 2013). However, it is still not clear how estrogen and progesterone hormone
causes breast cancer. In 2002, the WHI trial reported that combined HRT increased
the risk of breast cancer among women by 26% (Rossouw et al., 2002). However, fur-
ther reports of WHI indicate that CEE alone decreased the risk of breast cancer by
23% (Manson et al., 2013). The MWS; showed that current use of HRT increases the
incidence of breast cancer (Emily et al., 2003). They reported that use of HRT reduces
the sensitivity of mammography and hence increases the probability that a breast can-
cer is diagnosed as an interval rather than a screen detected cancer. Their findings also
showed that risk was substantially greater for combined HRT. Their results are based
on 517 deaths in women who had no history of breast cancer at recruitment. Another
study showed that estrogen alone does not increase the risk of breast cancer if taken
for 5—7 years and women initiating therapy ten or more years after the menopause
experience a 23% reduction in risk (Stefanick et al., 2006). However, a recent study
based on a randomised control trial of 1,006 healthy Danish women of ages 45—58 un-
dertaking combined hormone therapy concluded early initiation and prolonged HRT
did not result in an increased risk of breast cancer (Schierbeck et al., 2012). It is known
that many breast cancer incidence is related to obesity and the previous family history

of the occurrence. So, before prescribing HRT, these should be taken into account.
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2.3.5 Endometrial cancer

Endometrial cancer is also known as uterine or womb cancer. According to the World
Health Organization’s report 2014, approximately 320,000 women are diagnosed with
endometrial cancer worldwide each year and 76,000 die, making it the sixth most com-
mon cancer in women (McGuire, 2016). The occurrence has risen alarmingly over
the last two decades in the UK. There was an increase of over 40% in endometrial
cancer incidence in the UK between 1993 and 2013 (Galaal et al., 2014). It ap-
pears most frequently in women during perimenopause or after menopause because
of insufficiency of the female hormones. There is also an higher risk of endometrial
hyperplasia in women who use unopposed estrogen therapy. A meta-analysis of 30
observational studies assessed the use of estrogen-only HRT on the risk of developing
endometrial cancer (Grady et al., 1995). There was an increased risk of endometrial
cancer among unopposed estrogen users compared with non-users (RR= 2.3, 95% ClI,
2.1-2.5). Prolonged duration of use further increased the risk with RR=9.5. However,
their analysis did not show the statistically significant risk of mortality from endome-
trial cancer (RR= 2.7, 95% CI, 0.9-8.0). Persson et al. (1999) investigated the risk
of developing endometrial cancer after replacing estrogen and progesterone hormone
on 8,438 Swedish women. These women were followed up through time to time ques-
tionnaire from 1987—1993. Their findings showed that the risk of invasive endometrial
cancer increased fourfold in women using estrogen-alone for six years or longer (RR =
4.2; 95% CI, 2.5-8.4). Women receiving combined HRT for the same time period had

a lower and non-significant risk (RR = 1.4; 95% CI, 0.6-3.3). Considering the results
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from the studies on HRT and endometrial cancer, it seemes that the women without

hysterectomy should not be prescribed unopposed estrogen.

2.3.6 Ovarian cancer

Ovarian cancer is the seventh-most common cancer in women and the eighth-most
common cause of death from cancer (WHO, 2014). This usually affects women who
are above the age of 50 and have been through the menopause but sometimes it can
also affect younger women due to radical surgery or genetic history in the patient’s
family. Ovarian cancer is more common in Europe and North America than in Africa
and Asia (WHO, 2014). A cohort study in the US on HRT use, and the risk of ovarian
cancer comprising 44,241 postmenopausal women showed an adverse effect of HRT
on ovarian cancer (Lacey Jr et al., 2002). After a time dependent analysis adjusted
for age, menopause type, oral contraceptive use, ever use of estrogen-only they found
significant association of HRT with ovarian cancer (RR=1.6; 95% Cl, 1.2-2.0). They
also found that the increasing duration of estrogen-only use was highly associated with
ovarian cancer. They did not have information on whether HRT included progenterone.
An observational study conducted by Folsom et al. (2004) on ERT and ovarian cancer
among 31,381 postmenopausal women in Iowa also showed an elevated risk of ovarian
cancer compared to never user (RR=1.7; 95% Cl, 1.1-2.8). However, a collaborative
analysis in the US included 12 case-control studies consisting 2,197 cases and 8,893
controls, did not find an excess risk (RR= 0.9; 95% CI, 0.7-1.3 in hospitalbased studies

and RR=1.1; 95% CI, 0.9-1.4 in population-based studies)(Harris et al., 1992). Further
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analysis is needed to established the actual benefits of HRT in developing ovarian

cancer.

2.3.7 Lung cancer

Lung cancer is a commonly diagnosed and serious type of cancer and a leading cause of
mortality in women. Women are more prone to developing lung cancer than men and
it kills more women each year than breast cancer, uterine cancer, and ovarian cancer
combined. Even though it is believed that smoking is the number one cause of lung
cancer in women, a higher percentage of women who develop lung cancer are life-long
non-smokers (Verywellhealth). In 2011, about 19,700 women were diagnosed with lung
cancer in the UK, making it the second most common cancer diagnosed in women after
breast cancer (NHS Choices, 2015). However, there is not enough research carried out
for HRT and lung cancer compared to other diseases such as dementia, breast cancer,
osteoporosis, and cardiovascular disease. A population-based, cohort study on Swedish
women performed by Adami et al. (1989) first demonstrated that lung cancer risks
increased in women receiving HRT. A secondary analysis from the WHI has found that
past use of hormone replacement therapy with estrogen plus progestin increases the risk
of dying from lung cancer for women who develop the disease (Hampton, 2009). This
analysis examined the incidence of non-small cell lung cancer and mortality during 5.6
years of intervention with HRT or placebo, and continued 2.4 years of additional follow-
up. The study has found that mortality after a lung cancer diagnosis was significantly

higher in those who received combined hormone therapy. But a recent meta analysis
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performed by Yao et al. (2013) of twenty-five studies consisting 656,403 participants
showed a reduced lung cancer risks in females receiving HRT treatment (OR= 0.91;
95%CI= 0.83-0.99, P value= 0.033). Their study found that HRT decreases lung cancer
risks in the patients with BMI< 25kg/m? and never smoker (OR=0.65 and OR=0.86
respectively). Their study also concluded that HRT with artificial menopause could
increase the risk of lung cancer. Thus the role of hormone replacement therapy in

developing lung cancer is still unclear and needs further analysis .

2.3.8 Colorectal cancer

Colorectal cancer, often known as bowel or colon cancer is considered the third leading
cause of cancer incidence and death in women, after breast and lung cancer (Cokkinides
et al., 2005). The occurrence of colorectal cancer begin to rise as women approach
their mid-40s and continue to rise into old age (Burkman et al., 2001). According to
estimates for 2015, there were 18,700 new cases of colorectal cancer and 7,300 deaths
resulting from colorectal cancer in women in the United Kingdom (Cancer Research
UK, 2015). Grodstein et al. (1999) conducted a meta-analysis on postmenopausal
HRT use and colorectal cancer, comprising 18 epidemiological studies. Their study
found a 20% reduction in the risk of colon cancer in HRT users compared to never
users (RR = 0.80; 95% CI, 0.74 - 0.86). A 34% reduction in the risk of colorectal
cancer was found in the current HRT users in their studies (RR = 0.66, 95% CI, 0.59
- 0.74). The total duration of HRT use did not appear to affect the risk of colon

cancer. A cohort study by Calle et al. (1995) on 422,373 postmenopausal and cancer
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free women in America found significantly decreased risk of fatal colon cancer (RR
= 0.71; 95% CI, 0.61 - 0.83) in women taking estrogen replacement therapy. The
reduction in mortality risk was strongest among current ERT users, and there was
a significant (P =.0001) trend of decreasing risk with increasing years of use among
all HRT users. Analysis of the pooled data from the WHI intervention and extended
postintervention follow-up of two hormone therapy trials did not find any statistically
significant results for the incidence or mortality from colorectal cancer (Manson et al.,
2017). For CEE alone versus placebo, HR = 1.21 and 95% CI, 0.79-1.84 and for CEE
plus MPA versus placebo, HR = 1.44 and 95% confidence interval, 0.97-2.15. Although
in many cases, HRT has positive impact on the incidence of colorectal cancer and
mortality, the precise mechanism by which estrogen or progesterone reduces the risk
of colon cancer is not exactly known. It is believed that HRT decreases pancreatic bile
acids that may responsible to promote colon cancer incidence in women (Burkman
et al., 2001). Regardless of the underlying mechanism by which HRT protects against
colorectal cancer, health professionals should consider its benefit when prescribing

HRT to women.

2.3.9 Diabetes

Diabetes mellitus is a chronic metabolic disorder that is primarily associated with the
imbalance of glucose and insulin levels in the bloodstream. Based on the nature of the
diabetes, it is classified as Type 1 and Type 2. Around 10% of the cases are Type 1 and

90% are Type 2. According to the International Diabetic Federation (IDF), there are
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about 371 million people worldwide who have diabetes. In recent years, the number
of people diagnosed with diabetes in the UK is estimated to be 3.5 million and among
them 44% are women (Diabetes, 2015). This represents 1 in every 16 women having
diabetes in the UK. However, little is known about the effect of hormone replacement
therapy on female diabetic patients. Margolis et al. (2004) examined the effect of
postmenopausal hormone therapy on diabetes incidence and insulin resistance. They
reanalysed WHI randomized control data on 15,641 postmenopausal women of ages
50—79 to estimate the risk and benefits of HRT in diabetic patients. Their findings
suggest that combined therapy with oestrogen and progestin reduces the incidence
of diabetes. The cumulative incidence of treated diabetes was 3.5% in the hormone
therapy groups and 4.2% in the placebo group (HR= 0.79, 95% Cl, 0.67-0.93, P=0.004)

in their result.

2.3.10 Gallbladder disease

Gallbladder disease is more common in women than men. An observational study by
Uhler et al. published in 2000, concluded that estrogen increases the risk of formation
of gallstones in postmenopausal women. Another observational study by Grodstein
et al. (1994) conducted on 54,845 postmenopausal United States nurses suggests that
current estrogen hormone therapy users may have a greater risk of cholecystectomy
(RR 2.1; 95% CI 1.9—2.4) than never-users. In contrast, some studies failed to show
any significant difference on the rate of gallbladder disease between the hormone user

groups and the control groups (Palacios, 2002). Thus further research needed to con-
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firm these results and women should be informed about the risks of the disease before

prescribing HRT.

2.3.11 Headache and Migraine

Headache is a common symptom in most perimenopausal women. It is also one of the
side effects of receiving HRT treatment. However, it is not a widely reported complaint.
As a result, there are few data available on the association between headache and
migraine, and the use of HRT. In 2000, a study conducted by Leicester menopause
clinic on 1,000 HRT user found that 85% suffered recurrent headache of which 73%
reported headache more than once a month and migraine was reported by 24 percent of
women (Hodson et al., 2000). Some research shows that current use of HRT improves

outcomes associated with headache and migraine.

2.4 Pattern and prevalence of HRT use in the UK

Each year, approximately 1.5 million women experience unpleasant menopausal symp-
toms in the UK (NICE, 2015). Among them around 400,000 suffer to troublesome
extent. In 1965, HRT became available in the UK. The National Institute for Health
and Care Excellence (NICE) estimates that just 1 women in every 10 of those go-
ing through menopause is currently prescribed HRT (NICE, 2015). The prevalence
of HRT use rose from 18.6% to 27.7% among women aged 45—64 between 1992 and
1998, which was an increase of 49% (Bromley et al., 2004). The MWS reported that

the prevalence of HRT use was 33%—34% each year from 1996 to 2000 in UK women
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who participated in their survey. They also reported that current use of HRT was
about twice common at age 50—54 than 60—64 with a little variation by time and
region. The Figure 2.2 shows that this trend also matches with the Bromley et al.
(2004) study. In 2000, more than 6 million women were prescribed HRT in England
(The Telegraph, 2018). Following the WHI 2002 report that HRT increases the breast
cancer incidence, HRT users in the UK decreased to 3.8 million by 2004. According
to the national costing report of menopause published in November 2015, the baseline
percentage of women aged 40—65 using HRT is 17%, and among them transdermal
HRT user is 20% (NICE, 2015). In 2017, 2.3 million HRT prescriptions of different
preparations were issued in the UK (The Telegraph, 2018). Recent reports from WHI
and some other research revealed potential benefits of its use, and that the benefits
may exceed the risks. A new review report published by the NICE forecasts that the

number of HRT user could be doubled within next ten years.

2.5 NICE guidelines on HRT use

The National Institute for Health and Care Excellence (NICE) was originally set up
in 1999 and it is recognised as a special health authority in England (NICE, 2018).
Its main duty is to reduce variation in the quality and availability of NHS treatments
and care. It also provides national guidance and advice for the improvement of health
and social care. NICE has given some guidelines on the diagnosis and management
of menopause, including women who have premature ovarian insufficiency. Accord-

ing to the NICE guideline (2015), HRT does not increase CVD risk when started in
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Figure 2.2: Prevalence of the use of HRT in the UK within different age group between
1992—1998. Most women used HRT at the age of 50—54 and this trend increases over the

time interval. Figure extracted from Bromley et al. (2004).

women aged below 60 years and does not affect the risk of dying from cardiovascular
disease. Estrogen-only HRT is associated with little or no change in the risk of breast
cancer but combined HRT can be associated with an increase risk of breast cancer
incidence. The effect of HRT on the risk of developing dementia is unknown. HRT
should not recommended as the first treatment of choice to prevent bone loss, though
it is currently valid treatment for younger postmenopausal women. Any type of HRT
is not associated with an increased risk of developing type 2 diabetes. In general,
HRT should not recommended for women with a history of breast cancer, endometrial

cancer, stroke or deep-vein thrombosis.
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2.6 Knowledge gaps

Numerous studies on the risks and benefits of HRT treatment have been undertaken
from the late 80’s. These studies include observational, case-controls design, meta-
analyses and randomised control trials. Majority of the studies were observational as
the randomised control trials are expensive and time consuming. Most studies took
place in the developed countries such as Europe and America. Little is known about
the HRT use in developing countries. The Nurses’ health study and WHI randomised
control trial in the USA, and the Million Women Study in the UK took the leading
position in HRT research because of the large study populations. Based on these
studies, several important results have been published regarding the use of HRT and
its impact. However, each study has some limitations in terms of the study design
and various factors. So rigorous investigation is required to establish the actual risks
and benefits of the use of HRT. The WHI trial on HRT is recognised as one of the
largest studies, but it considered only one dose and route of HRT (estrogen, 0.625 mg
oral CEE and progesterone, 2.5 mg oral MPA) for all age groups in the trial. The
outcomes from other doses and routes are not well known. Many experts commented
that the dose was too high for older postmenopausal women. The WHI results also
may not be applicable for the women in the UK since the profile of the US women in
the WHI study differs from the UK women. The average age of women in the WHI
study was 63.2 whereas the average age of the women in MWS was 56.7. The WHI
study was based on North-American women, often overweight and frequent smokers.

The average BMI of WHI participants was 28.5 kg/m? which is much higher than
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MWS women, and this is usually a recognised risk factor of heart disease and breast
cancer. Most studies on HRT examined the risks and benefits of its use, and mortality,
and morbidity considering the oral routes of administration only. Less is known about

the outcomes from other routes of administration.

2.7 Summary

Most women receive HRT treatment to get relief from awful climacterial symptoms.
Menopause also increases the risks of developing some other medical conditions in
women such as osteoporosis, dementia, cardiovascular disease, endometrial cancer
and ovarian cancer. The probabilities that a menopausal woman will develop vari-
ous chronic diseases over her lifetime has been estimated to be 46% for CHD, 20% for
stroke, 15% for hip fracture, 10% for breast cancer, and 2.6% for endometrial cancer
(Grady et al., 1992). Long-term use of HRT has been associated with reduced risk
of coronary heart disease, lung cancer, dementia, and migraine. However, increased
breast cancer risk has been associated with the long duration of HRT use and it is
believed that the impact of estrogen on the development of breast cancer is significant.
But the researchers are still not clear about how estrogen causes breast cancer. Results
showed that the combined HRT decreases the breast cancer and endometrial cancer
risk. Overall, results from observational studies and meta-analyses showed that HRT
prevents osteoporotic fractures, CHD, gallbladder disease, diabetes, and colon cancer.
Risks include breast cancer, endometrial cancer, ovarian cancer, stroke, thromboem-

bolic events with five or more years of use. Research also found that early start of
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HRT after the event of menopause and its continuation for more than five years could
reduce many life-threatening diseases such as osteoporosis, cardiovascular disease and
dementia. We intend to analyse the THIN primary care data to obtain further insights

on the risks and benefits of HRT on general population of women in the UK.
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Appendix A

Past research on HRT

In this appendix, we tabulated research summary of various published papers on HRT
that we have considered and described for the literature review. We presented the
journals in chronological order. We also note down the design and setting, study
period, sample size, and the statistical method used to produce the results. Finally,

outcome measures and the results are summarised.
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