N

[

uOttawa

L'Université canadienne
Canada’s university



P

FACULTE DES ETUDES SUPERIEURES — FACULTY OF GRADUATE AND

ET POSTOCTORALES uOttawa POSDOCTORAL STUDIES

L'Université canadienne
Canada’s university

Supriya Mayank Goyal

AUTEUR DE LA THESE / AUTHOR OF THESIS

M.Sc. (Epidemiology)

GRADE / DEGREE

Department of Epidemiology and Community Medicine
FACULTE, ECOLE, DEPARTEMENT / FACULTY, SCHOOL, DEPARTMENT

The Effects of Hormone Replacement Therapy on Coronary Heart Disease in Postmenopausal
Women: Systematic Review and Assessment of Methods

TITRE DE LA THESE / TITLE OF THESIS

George Wells

DIRECTEUR (DIRECTRICE) DE LA THESE / THESIS SUPERVISOR

Heather Clark

CO-DIRECTEUR (CO-DIRECTRICE) DE LA THESE / THESIS CO-SUPERVISOR

EXAMINATEURS (EXAMINATRICES) DE LA THESE / THESIS EXAMINERS

Julian Little Peter Tugwell

Gary W. Slater

LE DOYEN DE LA FACULTE DES ETUDES SUPERIEURES ET POSTDOCTORALES /
DEAN OF THE FACULTY OF GRADUATE AND POSTDOCORAL STUDIES




THE EFFECTS OF HORMONE REPLACEMENT THERAPY ON
CORONARY HEART DISEASE IN POSTMENOPAUSAL WOMEN:
SYSTEMATIC REVIEW AND ASSESSMENT OF METHODS

by

Supriya Mayank Goyal

Thesis submitted to the School of Graduate Studies and Research in partial

fulfillment of the requirements for the M.Sc. degree in Epidemiology

University of Ottawa

Thesis Supervisors:
George A. Wells, MSc, PhD
and

Heather Clark, MSc, MD

© Supriya Mayank Goyal, Ottawa, Canada, 2006



Library and
Archives Canada

Bibliothéque et
* Archives Canada
Direction du
Patrimoine de I'édition

Published Heritage
Branch

395 Wellington Street

395, rue Wellington
Ottawa ON K1A ON4

Ottawa ON K1A ON4

Canada Canada
Your file Votre référence
ISBN: 0-494-14912-4
Our file  Notre référence
ISBN: 0-494-14912-4
NOTICE: AVIS:

L'auteur a accordé une licence non exclusive
permettant a la Bibliotheque et Archives
Canada de reproduire, publier, archiver,
sauvegarder, conserver, transmettre au public
par télécommunication ou par I'Internet, préter,
distribuer et vendre des theses partout dans

le monde, a des fins commerciales ou autres,
sur support microforme, papier, électronique
et/ou autres formats.

The author has granted a non-
exclusive license allowing Library
and Archives Canada to reproduce,
publish, archive, preserve, conserve,
communicate to the public by
telecommunication or on the Internet,
loan, distribute and sell theses
worldwide, for commercial or non-
commercial purposes, in microform,
paper, electronic and/or any other
formats.

L'auteur conserve la propriété du droit d'auteur
et des droits moraux qui protége cette these.
Ni la thése ni des extraits substantiels de
celle-ci ne doivent étre imprimés ou autrement
reproduits sans son autorisation.

The author retains copyright
ownership and moral rights in
this thesis. Neither the thesis
nor substantial extracts from it
may be printed or otherwise
reproduced without the author's
permission.

In compliance with the Canadian
Privacy Act some supporting
forms may have been removed
from this thesis.

While these forms may be included
in the document page count,

their removal does not represent
any loss of content from the

thesis.

Canada

Conformément a la loi canadienne
sur la protection de la vie privée,
guelques formulaires secondaires
ont été enlevés de cette these.

Bien que ces formulaires
aient inclus dans la pagination,
il n'y aura aucun contenu manquant.



ABSTRACT

Hormone replacement therapy (HRT) was commonly prescribed to postmenopausal
women to decrease the risk of coronary artery disease. Non-randomized studies have
demonstrated upto 40% reduction in women using HRT. The first randomized trial to
study this association failed to find the anticipated cardiac benefit. Since then, several
trials addressing primary or secondary prevention of heart disease with HRT have failed
to find any association. This thesis analyzed all available data on HRT and heart disease
to identify factors contributing to the divergent results. We found that in non-randomized
studies, current users of HRT had a decreased risk of heart disease while the summary
statistic for RCTs failed to show any association. Measurement of exposure and
socioeconomic status were important confounding variables. The strengths and
limitations of study designs were discussed. A second component of the thesis was the
modification of Newcastle Ottawa scale, a quality assessment tool for non-randomized

studies.



Executive Summary

Objectives: 1) To conduct a systematic review and a meta-analysis of the pertinent
literature to evaluate the association between the risk of coronary artery disease (CAD)
and hormone replacement therapy (HRT) among postmenopausal women. 2) To develop
and evaluate a modified Newcastle Ottawa scale (NOS) and compare it with the original
scale.

Methods: For the systematic review, a comprehensive search strategy was developed to
search electronic databases (Medline, Embase, Current Contents, Premedline, Cochrane
Controlled Trials Register, Cochrane Reviews, Biological Abstracts, Dissertation
Abstracts, Pubmed and Biocentral) and the key journals and conference proceedings were
hand searched. Randomized controlled trials (RCTs) and non-randomized studies (study
designs) examining the association between exposure to HRT (intervention) and CAD
(outcome) among postmenopausal women (population) were eligible for inclusion in the
review. Data abstraction was done using standardized forms. Data on publication status,
population characteristics, study intervention, outcome and on adjusted risk factors was
collected. Two independent reviewers assessed the quality of studies using Jadad’s scale
and allocation concealment for the RCTs and the Newcastle Ottawa scale (NOS) for the
non-randomized studies. Data synthesis was performed when appropriate by using the
fixed effects model to calculate the summary estimate and its standard error for RCTs,
case control and cohort studies. Statistical tests for association and homogeneity were
performed. Pertinent subgroup and sensitivity analysis was done.

For the modification of NOS, the original scale was critically appraised with input
from other users of the scale. Qualitative analysis was done to identify factors that could
improve the performance of the comparability component of the original NOS. The new
items generated were then tested for validity (face, content and criterion) and reliability.
The results of the original and modified NOS were compared.

Results: Seven RCTs, 23 case control and 30 cohort studies were included in the
systematic review. Of the seven trials, four were on primary prevention of CAD and HRT
use. The summary relative risk for RCTs on secondary prevention was 1.01 (95% CI:
0.86, 1.19). None of the trials showed a decrease in CAD with HRT use. The summary
odds ratio for case control studies for current users of HRT and overall CAD was 0.75
(95% CI: 0.66, 0.84) and for fatal CAD was 0.47 (95% CI: 0.32, 0.69). The summary
relative risk for cohort studies for current users of HRT and overall CAD was 0.60 (0.52,
0.70) and for fatal CAD was 0.65 (0.57, 0.75). Among ever users of HRT the incidence
of fatal CAD was decreased in both non-randomized study designs. Further analysis did
not show any association between CAD and duration of HRT use or with use of estrogen
alone versus estrogen and progestin. The decreased risk was most consistently seen with
0.625 mg of estrogen dose and in women who initiated HRT early after menopause. On
combining the summary estimates from case control studies that adjusted for
socioeconomic status as a confounder the decrease in the risk of CAD with HRT use was



not as marked and the upper CI was 1.00. Similar analysis among cohort studies
continued to show a cardio-protective effect with HRT use. There was no association
between study quality and study results. Addition of unpublished literature accentuated
the treatment results for both the non-randomized study designs. Among cohort studies
on women with pre-existing heart disease, initiating HRT after a cardiac event resulted in
increased incidence of recurrent CAD (RR: 1.25, 95% CI: 0.97, 1.62) while in women
who had been on HRT at the time of their initial cardiac event, the risk of a recurrent
CAD event was decreased (RR: 0.58, 95% CI: 0.42, 0.81).

The comparability component of the NOS was modified and expanded to include
three instead of two items in the original scale. The face and content validity of these
items was good. The items were clearly worded and addressed the question of
comparability between the two groups. The scoring of the modified NOS compared
favorably with the scoring of Black and Down’s scale, another validated scale for quality
assessment. The Spearman’s correlation coefficient was 0.91 (p<0.01) and 0.77 (p<0.01)
for case control and cohort studies respectively demonstrating a high degree of
correlation between the two scales. The inter-rater reliability was high with a Cohen’s
kappa of 0.94 and it was easier and faster to apply than Black and Down’s scale. On
comparison with the original NOS, the new item evaluating studies adjusting for a group
of pre-determined risk factors improved the performance of the instrument.

Conclusions: This meta-analysis differs from previous meta-analyses as it includes the
results of the RCTs which are discordant from the results of non-randomized studies.
Evaluation of explanatory variables demonstrated the difficulties in accurate
measurement of an exposure such as HRT in non-randomized studies as well as the
potential confounding by socioeconomic status. These explain some of the discrepancy
between the results of the two study designs.

The modified NOS is a good instrument for assessment of quality of non-
randomized studies but needs to be tested in other areas of research.

iti
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Chapter 1.0

INTRODUCTION

1.1 Menopause and hormone replacement therapy (HRT)

Menopause ends the reproductive period of a woman’s life with a decrease in the
levels of estrogen and progesterone and cessation of menstruation. Many women
experience a number of symptoms around the perimenopausal period. These include
vasomotor symptoms (hot flashes, night sweats, palpitations), genitourinary complaints
(vaginal dryness, dyspareunia, stress incontinence, urgency, recurrent urinary tract
infections), sleep disturbances (insomnia, fatigue, early wakefulness), mood disturbances
(anxiety and irritability), and accelerated decline in bone mass leading to osteoporosis
and increased fractures. The diminished levels of circulating estrogen are responsible for
these symptoms and this was the original rationale for recommendation of hormone
replacement therapy (HRT). HRT has been prescribed for short periods of time for
control of vasomotor symptoms and for longer periods for prevention of osteoporosis and

heart disease.

1.2 Historical timeline for HRT and coronary heart disease (CAD)

HRT was first utilized as a medication in the early 20® century. In the 1930s early
formulations of HRT were comprised of estrogen alone, either as a patch or as an oral
preparation. These preparations were effective in relieving vasomotor symptoms and led
to widespread acceptance of this new therapy. In the late 1960s, the first clinical trial to
study the association between heart disease and estrogen replacement was actually
performed in men with pre-existing heart disease. This trial was known as the Coronary
Drug Project’ and was stopped earlier than planned due to an increased risk of
thromboembolic and cardiovascular events in the treatment group. The second clinical
trial to study this association was not undertaken for another 23 years. This time it was
performed in postmenopausal women.

In the 1970s, it was first recognized that unopposed estrogen exposure in women

with an intact uterus led to an increase in endometrial cancer and therefore progestins



were added to counter this effect. Epidemiological evidence suggested a steep increase in
heart disease in women around the time of menopause. At the time, this increase in heart
disease was attributed to the diminished levels of circulating estrogen. In the 1980s, a
deluge of studies were published looking at the association between HRT and heart

disease. In the early 1990s, two meta-analyses >~

were published that unequivocally
concluded HRT decreased the incidence of heart disease and this benefit would outweigh
any risks of HRT. These meta-analyses pooled results from several non-randomized
studies. Following the publication of these results HRT was widely endorsed for
prevention of heart disease in postmenopausal women.

HRT was available in several preparations and premarin (a conjugated estrogen
preparation) was one of the most widely dispensed prescription drug in the United States
between 1990 t01995. The first combination HRT pill was introduced in the late 1990s
and was called prempro (premarin with medroxyprogesterone acetate (MPA)).

Three pertinent clinical trials addressing the association of HRT and CAD were
started in late 1990s: The Postmenopausal Estrogen/Progestin Interventions (PEPI) *trial
of HRT and CAD risk factors, the Heart and Estrogen/progestin Replacement Study
(HERS)’ of HRT and the effect on secondary prevention of CAD, and the National
Institute of Health sponsored Women’s Health Initiative (WHI)® of HRT and the effect
on primary prevention of CAD.

The results of the PEPI trial demonstrated an improvement in the lipid profiles of
participants. However, results of the HERS trial failed to show any decrease in clinical
coronary events. The WHI had two parallel arms, one studying the effects of estrogen and
progestin in women with an intact uterus and one studying the effects of estrogen alone in
women who had undergone hysterectomy. The WHI arm studying the effect of estrogen
with progestin on CAD was stopped early in 2002 due to an increase in the incidence of
invasive breast cancer in the participants that exceeded the designated boundary of the
planned stopping rules which were a part of the design of the study. The effects on CAD
were equivocal. The second arm of WHI studying the effect of unopposed estrogen on
CAD continued for an additional 20 months after termination of the first arm. This was
also stopped earlier than scheduled by the data safety and monitoring board due to an

increased risk of stroke in participants and the likelihood that neither cardioprotection nor



breast cancer risk would be demonstrated in the remaining intervention period. The study
reported a lack of association between the use of HRT and incidence of heart disease. In
view of this new data, HRT and its association with heart disease is being subjected to
tremendous scrutiny. There is dichotomy between results from non-randomized studies

and the more recent clinical trials.

1.3 CAD and HRT: unresolved issue

The association between HRT and CAD has been addressed in basic science
studies, animal studies, non-randomized studies, trials using surrogate markers and more
recently in randomized controlled trials (RCTs). The results from these studies have been
divergent. The data on effect of HRT on coronary risk factors and results of non-
randomized studies suggested a decreased risk of CAD among HRT users. None of the
randomized trials found this protective effect. These results need to be analyzed further to
understand where the truth lies. For example, the studies need to be compared on the
population of women included, outcomes of interest and exposure characteristics
(different preparations, routes, and doses of HRT). There are well-established risk factors
for development of CAD and evaluation of these studies should assess whether these
factors have been taken into consideration in an appropriate fashion. Non-randomized
studies have certain inherent biases that need to be addressed and similarly, the
limitations of the trials need to be reviewed. A detailed analysis of all these factors in the
available literature may provide some definitive answers, as well as identify the
unanswered questions that need further research and would help in our clinical decision
making. This translated into the primary objective of this thesis which was to conduct a

systematic review.

1.4  Assessing quality of studies

One important component in the conduction of a systematic review is assessing
the quality of individual studies. Inclusion of poor quality studies can exaggerate the
summary statistic’. The effect of study quality on results is often evaluated by a
sensitivity analysis. There are several quality assessment tools available in the literature

but majority of these are designed for RCTs. The Newcastle Ottawa scale (NOS) has



been identified as one of the six quality assessment tools which could be used for the
quality assessment of non-randomized (case-control and cohort) studies®. This scale has
three components addressing the selection, comparability and exposure or outcome
ascertainment of the two groups being studied. The comparability component of the NOS
has two items addressing the control of confounding variables. However, experience has
demonstrated that most studies score a star on both items and differentiation between
studies achieving more comparable groups from those that fail to achieve comparable
groups is not distinct. An attempt was made to modify this component of the scale to
improve the performance of this instrument. This was the secondary objective of this

thesis.

1.5  Objectives of the Study

1) The first objective of this thesis was to systematically examine the association
between the risk of CAD and HRT among postmenopausal women. This was achieved
through a systematic review of the literature and meta-analyses of all appropriate studies
within each study design. The results of non-randomized studies were compared and
contrasted with those of randomized controlled trials with emphasis on the strengths and
the weaknesses of the study designs.

2) The second objective of the thesis was to develop and evaluate the use of a
modified Newcastle Ottawa Scale (NOS) to assess the quality of non-randomized studies

and compare it with the original NOS.



Chapter 2.0

BACKGROUND

This chapter consists of two main sections. The first section describes menopause
and the physiologic changes in the cardiovascular system around menopause. Coronary
artery disease is discussed with emphasis on epidemiology, clinical presentation, risk
factors for CAD and the unique presentation in women. The effects of exogenous
estrogen and progesterone on the risk factors for CAD are explored. Studies on HRT and
surrogate markers of CAD are discussed and the currently available preparations of HRT
are presented. The second section focuses on systematic reviews with emphasis on
limitations of this tool for non-randomized studies. The role of quality assessment of
individual studies in a systematic review is explored and the instrument used for this

review is discussed.

2.1 Natural history of menopause

The transition period in a woman’s life from a reproductive to a non-reproductive
phase is defined as the climacteric and is a natural process of aging. Menopause is the
cessation of periods and occurs during the climacteric. The interplay of several hormones
is responsible for the cyclical bleeding that marks the reproductive life of a woman.
Hormonal changes begin to occur around the age of thirty and ovarian function
diminishes gradually ending some years after menopause’. The perimenopausal period is
a biological phenomenon which cannot be predicted by chronological age only and
extends from just before menopause to several years afterwards'’. In North America, the
average age of menopause is 51.4 years'".

Estradiol is the predominant endogenous hormone produced by the ovaries in pre-
menopausal women. As a woman ages, estradiol levels diminish with a sharp decline
during the perimenopause. This decline is partially offset by the synthesis of a less active
estrogen called estrone. Estrone is synthesized by the enzyme aromatase by converting
androstenedione in adipose tissue and this enzyme is stimulated by alcohol. Among obese

women, especially who partake moderate amounts of alcohol have higher levels of



circulating estrogen in the peri-menopausal period than the women who are thinner and
abstain from alcohol'2.
Surgical menopause is the term used when both ovaries are removed surgically

resulting in an abrupt decline in endogenous estradiol levels.

2.2 Coronary Artery Disease: Definition

Cardiovascular disease (CVD) refers to a broad category of circulatory conditions
including coronary artery disease, cerebrovascular disease and peripheral vascular disease
(PVD). The 10" revision of the International Classification of Diseases (ICD) from the
World Health Organization (WHO) has classified the morbidity and mortality due to
CAD under the codes 390 to 458". The term CAD is used interchangeably with terms
such as ischemic heart disease (IHD) or coronary heart disease (CHD). CAD is defined as
an impaired function of the heart muscle usually due to ischemia or reduced blood flow.
The most common cause of reduced blood flow is atherosclerosis of the coronary vessels.
CAD may present symptomatically as angina (stable or unstable (UA), myocardial

infarction (MI), congestive heart failure (CHF) or sudden death.

23 Cardiovascular disease in menopausal women

CVD is the leading cause of death in both men and women in Canada and most of
industrialized world accounting for 36% of overall mortality of which 21% is due to
CAD alone'®. Yet, it has been perceived as primarily afflicting middle aged men. There is
a relative paucity of studies on prevalence, presentation, diagnosis and prognosis of
cardiovascular diseases in women. A study performed in 1997 found 60% of women in
all age groups felt that cancer should be their primary health concern and only 20%
reported that a physician had ever advised them about heart disease 15 More recently,
Mosca et al'® found that the proportion of women who felt heart disease was the primary
killer in women increased from 30% to 60% in three telephone surveys conducted in the
years 1997, 2000 and 2003. It is well established that the rate of cardiovascular events
begins to rise in women around menopause and sharply increases with increasing age.

Early publications from the Framingham cohort'” demonstrated that initial

manifestations of coronary events are delayed on average by 10 years in women as



compared to men. The incidence of the more serious outcomes, for example, MI and
sudden death, lags by 20 years in women. This gap in coronary events starts to narrow
around 65 years of age with the incidence of CAD doubling in men and tripling in
women with respect to that in the 35-65 years age group'*. Among women of the same
age, the incidence of CAD in postmenopausal women is three times higher than those
who remain premenopausal '°. This rise has been attributed to the diminishing presence
of estrogen and is the principal rationale for evaluating exogenous estrogens as a form of

therapy to decrease the prevalence of CAD.

2.3.1 Clinical presentation of CAD in women

The most common presenting symptom of CAD in women is angina which
accounts for more than 50% of the initial clinical events'®. In contrast, 43% of men
presented with acute MI as their chief clinical presentation without any forewarning
angina. Angina in women often presents atypically, being reported as a bur