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Summary

Heart failure is a complex clinical syndrome characterised by typical symptoms
(like dyspnoea, fatigue, palpitations or chest pain) and signs (like oedema,
pulmonary crackles, displaced apex beat and increased jugular venous pressure).
The possible importance of symptoms as predictors of subsequent outcomes has
received little attention in the medical literature yet is clearly of great potential
clinical importance (for example in identification, monitoring and treatment of

high risk patients).

Fatigue and dyspnoea are the two most prevalent symptoms in patients with
heart failure ranging from 50-91% for fatigue and similar (53-89%) for dyspnoea.
However, the underlying pathophysiological mechanisms of dyspnoea and fatigue
in heart failure remain unclear. It has been proposed that decreased oxygen
delivery to muscle due to an impaired pump function of the failing heart leads to
a build-up of anaerobic metabolic products which may account for both
symptoms. Some hypotheses attribute the impaired oxygen delivery to muscle to
reduced blood flow due to persistent vasoconstriction and endothelial
dysfunction, rather than just to a limited cardiac output. Other potential
mechanisms include abnormalities in muscle metabolism, possibly due to
changes in cellular subtype, which limit the ability to utilise oxygen and a miss-
match between energy requirement and energy production. It has now been
recognised that disturbances of central hemodynamic function are no longer the
major determinants of exercise capacity in patients with heart failure. If central
hemodynamic parameters are improved, there is no immediate change in
symptoms, which points to an impaired ability of the muscle to extract oxygen,

leading to dyspnoea.

The lack of consensus and understanding of the pathophysiological mechanisms
of heart failure symptoms, together with poor and subjective tools for their
measurement has led to a delay in the development of effective symptomatic
treatment. This in turn may have important prognostic implications such as
decreased quality of life, increased hospital admissions and even increased

mortality.
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The aim of this work was to examine the correlates of symptoms and change in
symptoms. Additionally | set out to examine the association between symptom
severity (at baseline and the change in symptom severity over 6 months) and
clinical outcomes (namely heart failure hospitalisation, cardiovascular death and
all-cause mortality) after adjustment for a series of other known prognostic

factors.

A cohort of 3830 men and women with LVEF (left ventricular ejection fraction)
<35% who participated in the Controlled Rosuvastatin Multinational Trial in Heart
Failure (CORONA) was examined. This population was chosen because the trial
medication (rosuvastatin) had no effect on the primary outcome (composite of
death form cardiovascular causes, nonfatal myocardial infarction and nonfatal
stroke) (HR 0.92; 95% C1 0.83 to 1.02; P = 0.12) or death from any cause (HR 0.95
in the rosuvastatin group 95% Cl, 0.86 to 1.05; P=0.31) compared to placebo,
meaning that any result | obtain is unlikely to be due to an effect of the trial
drug and because this cohort would be representative of a population with heart

failure who were well treated with contemporary evidence-based medicine

CORONA was a multicentre, randomised, double-blind, placebo-controlled study
which enrolled a total of 5011 patients aged > 60 years with symptomatic (NYHA
class II-1V), systolic (LVEF < 40% but no more than 35% in patients with NYHA
class Il) heart failure. Patients were randomised to receive 10 mg of rosuvastatin

or matching placebo once daily.

Symptoms were measured at baseline (randomisation visit), 6 weeks after
randomisation, and 3 monthly thereafter in this trial population. (1)
Investigators were asked to evaluate symptoms using the following statement:
“State symptoms during the past few days: Tick lowest level of physical activity

causing symptoms”.

Fatigue “during the past few days” was measured using a five-point exertion
scale (0 none, 1 heavy exertion, 2 moderate exertion, 3 slight exertion, 4 rest),
recorded by the investigator. Dyspnoea “during the past few days” was
measured using a four-point exertion scale (1 heavy exertion, 2 moderate

exertion, 3 slight exertion, 4 rest); a four- rather than five-point scale was used
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for dyspnoea because the presence of dyspnoea at baseline was an inclusion
criterion for CORONA.

Data were analysed in several ways to comply with the objectives of this thesis. |
examined prevalence and severity of fatigue and dyspnoea by using descriptive
statistics. | also analysed baseline characteristics (at visit prior to randomisation
and randomisation visit) according to fatigue and dyspnoea severity, reporting
means and standard deviations for continuous variables (medians and
interquartile ranges for variables that were not normally distributed) and
percentages for categorical variables and comparing across symptom groups by

running appropriate tests.

Ordered logistic regression was used to examine which baseline characteristics
were independently associated with symptom severity at baseline, while Cox
proportional hazards regression was used to examine how symptoms were
related to the risk of clinical events. | used multinomial logistic regression to
identify independent predictors of change in symptom severity from baseline to
the 6 month visit (chi’> was used to obtain p values), classifying patients as
showing a decrease (reduction in score), an increase (an increase in score) or no
change (unchanged score) in symptoms and analysed the relationship between
change in symptoms and subsequent clinical outcomes using Cox regression.
Finally, | examined the effect of rosuvastatin treatment for six months on

symptom severity using Cox regression survival analysis.

Additionally, a cohort of 8399 patients with chronic symptomatic heart failure
with reduced ejection fraction from PARADIGM-HF was examined. Dyspnoea and
fatigue on effort in PARADIGM-HF were recorded in every visit as “present” or

“absent”.

| found that at baseline 95% of CORONA trial participants reported some level of
fatigue on exertion and most of them (85%) reported high symptom severity
(from moderate exertion to symptoms at rest). In PARADIGM-HF 52% reported
fatigue on effort. Dyspnoea showed a similar pattern, although some level of
dyspnoea was an inclusion criterion for CORONA where 91% reported dyspnoea
from moderate exertion to dyspnoea at rest, while 86% reported dyspnoea on
effort in PARADIGM-HF.
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| found that a limited number of variables (history of hypertension and coronary
heart disease; NYHA functional class; and use of mineralocorticoid receptor
antagonists) were independently associated with both fatigue and dyspnoea
(only with fatigue for PARADIGM-HF), with no variables clearly associated with
only one of these symptoms. This similarity in variables associated with each
symptom and the lack of association of dyspnoea with ejection fraction or NT-
proBNP suggests that “peripheral” (i.e. changes in muscle bulk and metabolism),

rather than “central” mechanisms may explain the origin of both symptoms.

| also found that worst baseline symptom severity is strongly associated with
adverse clinical outcomes, but this association is lost after adjustment for other
well-known cardiovascular prognostic variables like NT-proBNP, LVEF and NYHA
class, in both cohorts. However in CORONA, change in symptom severity after 6
months was strongly associated with clinical outcomes, even after adjustment
for the previously mentioned prognostic factors; with a decrease in symptom
severity proving to be protective while an increase over six months being
associated with a higher risk of CV death, HF hospitalisation of all-cause

mortality. Statin treatment had no convincing effect on symptom severity.

In conclusion, | found that both fatigue and dyspnoea were highly prevalent in
both cohorts and that they seem to have the same baseline correlates. This
supports the theory that both symptoms might be different expressions of the
same pathophysiological process. Change in symptom severity after 6 months
seems to be strongly associated with outcomes independent of other known
prognostic factors, which shines a light on the importance of prompt and
targeted interventions to improve symptom severity, or at the very least to

prevent deterioration.
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1 Introduction

In this thesis | will examine the two most common symptoms of heart failure

(i.e. shortness of breath and fatigue) in a clinical trial population.
The thesis will be organised in the following way:

In this first chapter | will start off by briefly defining and describing heart failure
and its epidemiology in Europe and the United states. | will then review the
published literature surrounding fatigue and shortness of breath in heart failure

patients in chapters 2 and 3.

In chapter 4 | will present the data source and methods and briefly describe the
general principles surrounding the statistical procedures | selected to analyse
data. From chapter 5 to chapter 10 | will report the results of analyses relating
to these prominent symptoms performed on a cohort of patients from a clinical
trial, CORONA where the investigated treatment (rosuvastatin) had no effect on

the primary outcome of the trial. (2)

| will then report in chapter 11 the results of analyses relating to symptoms on
effort performed on another cohort of patients from a contemporary clinical
trial PARADIGM-HF, which had hardly any missing data and is the most important

heart failure clinical trial of recent years. (3)
Finally, | present a summary and discuss my findings in chapter 12.

Results from sensitivity analyses will be presented in supplementary appendices.
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1.1 Definition of heart failure

The American Heart Association defines heart failure as “a complex clinical
syndrome that can result from any structural or functional cardiac disorder that
impairs the ability of the ventricle to fill or eject blood”(4), while the European
Society of Cardiology defines heart failure as “an abnormality of cardiac
structure or function leading to failure of the heart to deliver oxygen at a rate
commensurate with the requirements of the metabolizing tissues, despite
normal filling pressures (or only at the expense of increased filling pressures)”.
(5, 6)

Whichever the definition, heart failure is widely recognised as a clinical
syndrome that is characterised by typical symptoms like breathlessness (from
now on referred to as dyspnoea) and fatigue, and signs like oedema, pulmonary

crackles, displaced apex beat and increased jugular venous pressure. (4, 5)

1.2 Diagnosis of heart failure

Several criteria have been described to diagnose heart failure (7-10) and they all
share symptoms together with an adequate medical history and physical
examination as a crucial part of the diagnosis. However, because many of the
symptoms are not specific to heart failure, and thus non-discriminating, the
European Society of Cardiology requires the demonstration of an underlying
cardiac dysfunction at rest for diagnosis. (5, 10) This evidence can derive from

an echocardiogram, an electrocardiogram and/or laboratory tests. (5)

1.2.1 Symptoms and signs in heart failure

Signs and symptoms are essential in the initial evaluation of patients with
suspected heart failure, however they are, as previously mentioned, not
specific. The characteristic symptoms of heart failure are dyspnoea, fatigue and
ankle swelling. The origin of such symptoms is not fully understood and it is well

known that they correlate poorly with level of cardiac dysfunction. (11, 12)

Once the diagnosis of heart failure has been made, symptoms should be used to
guide therapy and classify the disease. The most widely used nomenclature to
quantify the degree of functional limitation caused by heart failure symptoms is

the New York Heart Association classification (NYHA) first conceived in 1928 (13)
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which was revised and widely accepted by 1964. (14) With this tool, patients are

classified into a functional class, depending on the degree of effort needed to

provoke symptoms:

Class | patients have no limitation of physical activity; ordinary activity

does not cause undue fatigue, dyspnoea or palpitations.

Class Il patients have a slight limitation of physical activity, but are
comfortable at rest; ordinary activity results in fatigue, dyspnoea or

palpitations.

Class Il patients have marked limitation of physical activity and are still
comfortable at rest; less than ordinary activity results in fatigue,

dyspnoea or palpitations.

Class IV patients are unable to carry out any physical activity without

discomfort; symptomatic at rest.

The American Heart Association proposed in 1994 an additional classification

complementary to the traditional NYHA classification. It also classifies patients

into four categories (4):

A - No objective evidence of cardiovascular disease. No symptoms and no

limitation in ordinary physical activity;

B - Objective evidence of minimal cardiovascular disease with mild
symptoms and slight limitation during ordinary activity but comfortable at

rest;

C - Objective evidence of moderate cardiovascular disease with marked
limitation in activity due to symptoms, even during less than ordinary

activity and comfortable only at rest;

D - Objective evidence of severe cardiovascular disease with severe

limitations and symptomatic even at rest.
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In Europe, this “objective assessment classification” is seldom used, but
objective evidence of cardiac dysfunction is embedded in the definition of the

disease.

NYHA class is widely accepted and correlates to quality of life measures (15-17)
and prognosis. (18) However, it is also recognised that NYHA classification
reflects a subjective assessment by a medical professional and some authors
have shown that there can be large variation between clinicians while
determining and assigning NYHA class (19-22) and symptoms (weighted kappa
values' ranging from 0.55 to 0.78 (20, 24)). Additionally, NYHA class can change
in short periods of time; this is why the American Heart Association argues that
their objective assessment classification proposed in 1994 should be widely
implemented, as although NYHA class can fluctuate widely over time, once a
patient has developed a heart failure syndrome and been classified as either C
or D, they can never go back to not having heart failure and should receive

medical treatment accordingly.

As | have mentioned in a previous paragraph, symptoms in heart failure are quite
nonspecific, subjective and often difficult to assess (5). More importantly, the
mechanisms underlying the exercise intolerance in patients with heart failure
are not fully understood. As mentioned previously, symptoms correlate poorly to
measures of cardiac performance (11, 12) and often patients with low left
ventricular ejection fractions are asymptomatic, while patients with preserved
ejection fraction may be very symptomatic. (25) The reasons behind this
discordance are not fully understood, but may well reside in the pathophysiology

of each individual symptom.

The prototypical symptoms in heart failure are fatigue and dyspnoea on
exertion; though relatively recently, a new symptom has been described:
bendopnea (or shortness of breath when bending forward) (26) and seems to be
associated with elevated right and left ventricular filling pressures, similar to
another common symptom of heart failure which is orthopnoea (shortness of

breath while in the supine position). (27-29) It has been hypothesised that this

A weighted Kappa adjusts for the chance agreement and can range from -1 (no agreement) to +1
(complete agreement) with 0 indicating agreement due to chance alone.

23. Fleiss JL, Cohen J. The Equivalence of Weighted Kappa and the Intraclass Correlation
Coefficient as Measures of Reliability. Educational and Psychological Measurement.
1973;33(3):613-9.



22

symptom of bendopnea could be associated with worse outcomes in patients

with heart failure.

1.3 Classification of heart failure

Traditionally, heart failure has been described on the basis of left ventricular
ejection fraction, which is the end-diastolic volume minus the end-systolic
volume (also known as stroke volume) divided by the end-diastolic volume. This
characterisation of heart failure is commonly used in clinical trials as
inclusion/exclusion criteria; and classifies patients as having heart failure with
reduced ejection fraction (commonly abbreviated as HF-REF) with a traditional
cut-off point at <35% (>50% is considered normal) and heart failure with a
preserved ejection fraction (abbreviated as HF-PEF) with a cut-off point at >45-
50%. (5) The above is due to the fact that historically the major heart failure
trials where effective therapies have been identified mainly enrolled patients
with a LVEF < 35% (30-37), additionally patients with LVEF<35% have been shown
to have shorter survival times when compared to those patients with LVEF >35%
(38-40) and benefit the most from an implantable cardioverter defibrillator
(again due to their high risk of death). (38) It is important to note that these are
the criteria used by the European Society of the Cardiology, although other cut-
off points and criteria have been proposed and are used in other parts of the
world. (41-43)

Another way of classifying heart failure involves symptoms using NYHA class and

is typically used to identify patients who would benefit from therapy.

A further approach to classifying patients with heart failure relates to the time-
course of the disease, where patients who have had heart failure for some time
are referred to as having chronic heart failure. Patients with chronic heart
failure whose symptoms have remained largely unchanged for at least 30 days
are classified as stable. If such a patient would worsen, then he or she would be
considered to have a decompensated chronic heart failure; if this deterioration
should happen suddenly, then the patient would be considered to have acute-

decompensated heart failure. (44, 45)

Congestive heart failure is a historical term that is falling into disuse although it

is sometimes still employed in the United States to describe patients with a
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diagnosis of heart failure and evidence of fluid retention or congestion. This is
often determined by an elevated jugular venous pulsation, which is estimated by
distension of the jugular veins with the patient sitting at 45°. This sign
correlates to with elevated pulmonary artery occlusion pressure. (46)

Congestive heart failures merits immediate medical attention.

1.4 Treatment in heart failure

The aims of treatment in patients with heart failure revolve around relieving
symptoms and signs, preventing hospitalisation and reducing mortality. (5)
Although most clinical trials focus on the latter, the relief of symptoms that
leads to an improvement in quality of life and increase in functional capacity is
of paramount importance to patients and effective treatment that would
improve mortality and hospitalisation should also impact signs and symptoms.
(47)

There are three pivotal drugs in the treatment of heart failure, as they have
been shown to modify the course of systolic heart failure. These are: an
angiotensin converting enzyme inhibitor (ACE inhibitor)-or an angiotensin II
receptor blocker, a beta-blocker and a mineralocorticoid receptor antagonist.
They are usually combined with a diuretic to alleviate symptoms of congestion.
(4, 5)

Recently, a new drug has been identified that has shown to reduce risk of death
and hospitalisation due to heart failure. This angiotensin-neprilysin inhibitor
called LCZ696 was compared to enalapril in a double-blind multinational trial
that was stopped early because the boundary for an overwhelming benefit had
been crossed. (3) This drug was approved for marketing by the FDA (Food and
Drug Administration in the US) in July 2015.

1.5 Epidemiology of heart failure

1.5.1 Prevalence

Heart failure is a major and devastating health problem that impacts patients
and healthcare systems all over the world. It was estimated in 2010 that
approximately 900,000 people in the UK have heart failure;(48) with around 1-2%

in the western world (49), and greater than 10% prevalence in the elderly (=70
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years of age). A more recent US study reports a prevalence of 2.2% (95%Cl 1.6-
2.8%), increasing to 8.4% in patients 75 years or older. (50) The Rotterdam
study, a large population based cohort from the Netherlands estimated in 2004
that the prevalence of heart failure was 0.9% in those aged 55-65 increasing to
over 17% in those aged >85. (51) The British Heart Foundation estimates that
about 1-2% of the population in the UK is affected by heart failure (52) and more
than 23-26 million people worldwide have the disease (45, 53) with prevalence

rising.

Although the incidence of heart failure seems to be stabilising (see section
1.5.2), the prevalence continues to rise (54, 55), probably due to an increased
survival associated with better recognition and treatment of the disease (56,
57). The most common underlying aetiology of heart failure is coronary heart
disease, and the improved survival rates for myocardial infarction (58) leads to
an aging population which could largely be driving the increasing prevalence of

heart failure.

1.5.2 Incidence

The annual incidence in the UK is about 1.85/1000 population (52), rising to 11.6
per 1000 population per year in the elderly (over 85 years of age) with
approximately 60,000 new cases each year (59, 60); although there is less
information on incidence than there is on prevalence. The Rotterdam study
group report an incidence rate of 14.4/1000 (95% Cl 13.4-15.5) person-years.
(51) The Framingham heart study (61) provides insight on the incidence of heart
failure over a 34 year follow up period in the United States of America. They
reported an annual incidence 2 new cases/1000 in persons aged 45-54 years
increasing to 40 new cases/1000 in men aged 85-94 years. The incidence is

higher in men than in women, independent of age. (51, 60)

1.5.3 Costs of heart failure

Heart failure is a very expensive problem. It has been estimated that heart
failure’s direct costs can range anywhere from €26 to €70 (in one million € per
one million population) (62) and that it accounts for 1-2% of total healthcare
costs in developed countries. (56) In the UK, heart failure accounts for 1 million

inpatient beds per year and 5% of all emergency medical admissions to hospital
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per year, and it is estimated that the total annual cost of heart failure to the
NHS is about 2% of the total budget (with approximately 70% of this total due to
the costs of hospitalisation). (63, 64) According to the CDC (Centers for Disease
Control and prevention) in the United States of America it is estimated that the
costs derived from heart failure are around $32 billion (about £20 billion) per

year. (65)

1.5.4 Prognosis of heart failure

Thanks to the implementation of evidence-based medicine provided by large
clinical trials, treatment for heart failure has greatly improved in the past
decades, leading to a reduction in mortality and increasing prevalence. It was
estimated in the year 2000 that survival probability for heart failure was 50% and
10% at 5 and 10 years respectively and for patients with severe disease, more
than half will die within a year (66, 67). Nonetheless, estimates for heart failure
with reduced ejection fraction differ from those for heart failure with preserved
ejection fraction. Patients with HF-PEF (it is estimated that about half the
patients with heart failure have a preserved ejection fraction) seem to have a
better prognosis than those with HF-REF. (68-70)

1.6 Summary and rationale

Heart failure is a highly prevalent, expensive, devastating, and complex clinical
syndrome, characterised by evidence of cardiac dysfunction and typical
symptoms like fatigue, dyspnoea, chest pain and ankle swelling. Signs include
elevated jugular venous pressure and pulmonary crackles. (5) Symptoms in heart
failure provide important insight on deteriorating status which in turn may affect
both patients’ and clinicians’ decision for seeking/providing treatment. (71)
However, they are subjective and difficult to assess. (5) Consequently, they are
frequently underestimated and overlooked as an important factor related to
quality of life, morbidity and prognosis in heart failure both by patients and
doctors. (72-74) This is compounded by the fact that their identification relies
mostly on self-reporting. (71, 75)

Traditionally, it has been said that fatigue and dyspnoea are caused,
respectively, by the inability of the heart to function as a pump leading to

reduced oxygen supply to the muscle (fatigue) and fluid backlog due to the
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requirement for increased left ventricular filling pressures to maintain cardiac
output leading to pulmonary interstitial oedema (dyspnoea). (76-78) It is now
well known that left ventricular function relates poorly to symptoms and still
their cause remains unclear and little is known about their prevalence, severity
and predictors. (73, 76, 79-83) It has even been suggested that both symptoms
might be different manifestations of the same pathophysiological process. (76,
80, 84) However, in two separate studies each symptom has been shown to
predict outcome independently of the other, suggesting they might be
biologically distinct. (85, 86)

As | mentioned in section 1.4 above, the main focus of clinical trials studying
heart failure has been a reduction of mortality and hospitalisation, although
improvement of symptoms is considered a therapeutic goal. If more studies show
that independent symptoms (and change in symptom severity) are associated
with outcome (not only NYHA class, as it does not distinguish between individual
symptoms), then clinicians should be do more to investigate and record

symptoms and identify red flags that might predict how symptoms will evolve.

Given the importance of fatigue and dyspnoea in heart failure and the
uncertainty surrounding them | have set out to determine which patient
characteristics are associated with each of these symptoms and whether the
variables related to fatigue and dyspnoea are similar or different. Additionally, |
will examine how these two symptoms (and their change over time) relate to

outcomes.
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2 Fatigue in heart failure

Fatigue is a subjective symptom and is difficult to assess, it is distressing and
persistent (87) and some argue that it might be underreported due to being
attributed to aging (88, 89). Fatigue has a large impact on the quality of life of
patients and its wide prevalence has led to an increasing interest in the study of
fatigue in heart failure (90, 91), though prior studies have been small or failed to

examine the relationship with outcomes. (71, 73, 91-102)

The importance of fatigue as a marker of prognosis has not been fully studied. |
will examine the factors associated with fatigue in HF and whether it predicts
morbidity and mortality.

2.1 Methods

2.1.1 Search Strategies

Electronic databases MEDLINE and EMBASE were searched (MEDLINE from 1946 to
July week 1 2015; EMBASE 1996 to 2015 week 28), limited to human subjects and
English language (for EMBASE additional limits were applied, excluding reviews
and meta-analysis and limiting to adults). Relevant MeSH (Medical Subject
Headings) terms were identified. Terms and keywords were combined according
to the search criteria and to the requirements of the database. Hand searching

the bibliographies of relevant studies identified no further publications.

Heart failure was defined using MeSH terms “Heart Failure”, “Cardiomyopathy,
Dilated”, “Ventricular Dysfunction”, and “Cardiac Output, Low” and the
following keywords: heart failure; congestive heart; cardiac failure; heart
decompensation; myocardial failure; paroxysmal dyspnoea; cardiac asthma;
cardiac oedema; congestive heart failure; left sided heart failure; right sided
heart failure; congestive cardiomyopathy; low cardiac output; left ventricular

dysfunction; right ventricular dysfunction.

Fatigue was defined using MeSH terms “Fatigue” and “Asthenia”, and the
following keywords: asthenia, fatigue, exhaustion, muscle fatigue, tiredness and

lassitude.
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Search strategies and terms were discussed with and approved by the College
Librarian for the School of Medicine (Ms Heather Worlledge). | screened titles
and abstracts to identify relevant studies. All relevant publications with a focus
on heart failure that looked at individual symptoms were included in this

literature review. Detailed search strategies can be found in Appendix 1.

2.2 Aims

The aims of this review were to: 1) ldentify the demographic characteristics
associated with fatigue in patients with heart failure; 2) Determine whether
fatigue (and change in fatigue over time) is associated with worse morbidity and
mortality in patients with heart failure and 3) Determine if fatigue is associated
with statin use and if treatment with co-enzyme Qi plays a role in fatigue
severity. A secondary aim was to identify literature describing the aetiology of
fatigue in heart failure.

2.3 Results

1243 studies were identified in the MEDLINE (OVID) search and a further 1478
were identified in EMBASE (OVID).

2.3.1 Aetiology of fatigue

Sixteen publications describing the aetiology of fatigue in heart failure were
identified. Most of the publications are reviews looking at the possible
mechanisms underlying the origin of symptoms on exertion in patients with heart
failure. In 2005, Mann et al (103) published a review summarising advances in
the study of heart failure, with a focus on therapeutic and including an overview
of the origin of symptoms. Similarly, in 2010 Piepoli et al (104, 105) published a
2-part review aiming to summarise the existing evidence for the origin of
symptoms in heart failure with reduced ejection fraction. A further review was
published by Witte and Clarke in 2007 (106) describing the possible mechanisms
by which heart failure causes fatigue and dyspnoea. Generally, although the
authors present a thorough and clear description of the aetiology of symptoms in
heart failure, the summaries are largely descriptive and the authors fail to

clearly state how the evidence was selected to be included in the review.
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In 1994, a study was published by Carell et al (107) looking at the relationship
between maximal exercise tolerance and resting radionuclide indexes of left
ventricular systolic and diastolic function. It involved 64 patients with
cardiomyopathy (ischemic or idiopathic) who underwent symptom-limited
exercise testing with on-line measurement of oxygen consumption. Their results
determined that resting left ventricular ejection fraction poorly predicts
maximal exercise capacity, contradicting the perception of symptoms being

caused by reduced pump function of the heart.

Clarke et al (108) in 2005 published a detailed summary of the possible
pathophysiological mechanisms underlying the origin of dyspnoea and fatigue on
exertion in patients with heart failure; however, the authors fail to clearly
define objectives and methodology in their paper. On the other hand, in 2008
another group of investigator led by Bunny Pozehl (109) ran a pilot study with 23
patients looking at the effect of a 24-week exercise training program on fatigue
and dyspnoea in patients with heart failure with reduced ejection fraction; their
results provide some support to the theory attributing symptoms to a build-up of
metabolic products. Even though the study was very small, it seems to be robust

and results analysed in an adequate manner (as per their methods section).

In summary, the aetiology of fatigue in HF is unclear and numerous mechanisms
have been proposed. (103-105) It has long been recognised that there is little
relation between measures of haemodynamic function and exercise capacity
(110), and the lack of relationship between left ventricular filling pressures and
maximal oxygen uptake is well known (111, 112). It is now generally accepted
that fatigue arises from decreased oxygen delivery to muscle due to an impaired
pump function of the failing heart, which leads to a build-up of anaerobic
metabolic products. (108, 109) Some approaches attribute the impaired muscle
blood flow to persistent vasoconstriction and endothelial dysfunction, rather
than to limited cardiac output. (76, 84, 107, 113) Other potential mechanisms
include abnormalities in muscle metabolism, which limit their ability to utilize
oxygen and a miss-match between energy requirement and energy production.
(76, 90, 113, 114) Although the controversy persists, the theory that intrinsic
muscle abnormalities are responsible for the exercise limitation in patients with
heart failure (115) is gaining acceptance and is now commonly recognised as the

main mechanism. (115-118)
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It has been shown that there is evidence of a switch from aerobic to anaerobic
metabolism in the skeletal muscle of patients with chronic heart failure, a
reduced activity of oxidative enzymes, this together with muscle wasting-which
has been recognised since the times of Hippocrates- and reduced blood flow
probably secondary to alterations in vasomotor tone make up what is called the
“muscle hypothesis” for the origin of symptoms in heart failure. (84, 113, 119-
121)

2.3.2 Correlates of fatigue

Thirty publications were identified in relation to the correlates of fatigue in
heart failure. Four papers (75, 99, 122-124) were excluded because they did not
distinguish between individual symptoms (i.e. did not discriminate between

dyspnoea and fatigue) and 2 more (75, 108) due to them being reviews.

Fatigue in HF has been associated with NYHA functional class in several studies
(71, 93, 96, 100, 101, 125), however several other studies could not confirm this
association (91, 95, 97, 98). The association between sex and fatigue in HF
patients has had similar conflicting results with some authors finding that
women report more fatigue than men (94, 100, 102) and other authors finding no

association between the two. (92, 95, 96, 101)

Except for one study by Smith et al. (100), fatigue and age have not been
significantly correlated (95-97, 101, 102, 125). The authors who examined 6
fatigue trajectories found that age equal or greater than 60 years was associated
with a lower likelihood of being in group reporting a low exertion fatigue (OR
0.35 p value=0.02; meaning that younger patients were more likely to be in the
low exertion fatigue group). They chose to dichotomise age, leading to a
substantial loss of information and potentially leading the reader to make
incorrect assumptions as they fail to provide confidence intervals for these
results which makes it difficult to assess the magnitude of the effect of age on

fatigue.

Depression, on the other hand, has been clearly identified as a predictor of
fatigue in HF patients. (73, 93, 95, 97, 101, 125, 126) Depression was said to
explain anywhere from 6.5% to 74% of the variance in fatigue in the cited

studies. All these studies report exclusively the r-squared (it measures how close
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the data are to the fitted regression line in a linear regression model), but
authors fail to provide residual plots. While r-squared will provide an estimate of
the strength of the relationship between the chosen model and the response
variable, it does not provide a proper hypothesis test for said relationship. (127)
It has also been stated that up to 30% of patients with heart failure also report
depression, this data is derived from observation alone, providing no evidence

on the statistical significance of the association. (128, 129)

Other factors found to be associated with fatigue are: dyspnoea with a
correlation coefficient of 0.30 in one study, and 0.45 in the other, both
relatively weak correlations(130, 131); anaemia both studies reporting that 30%
of the variance in fatigue was explained by a decreased haemoglobin level (one
considered low haemoglobin <125 g/L while the other considered <11.0 mg/dl)
(96, 97); symptom distress, or degree of discomfort associated with fatigue
(measured by Swedish version of Symptom Distress Scale) with one study
reporting a 39% of the variance in fatigue was explained by symptom distress
while the other reported only 4% of the variance in fatigue was due to symptom
distress (93, 95).

Poor sleep quality (98, 125) has also been linked to fatigue, however both
studies derived their conclusions from univariate analyses using a chi’ test;
however, chi® tests do not provide information about the strength of the
relationship between the two variables, they are sensitive to small expected

frequencies and are sensitive to sample size.

Left ventricular ejection fraction (LVEF) has been inversely correlate to fatigue
in patients with heart failure (lower ejection fraction is associated with higher
fatigue), although only beta coefficients are reported for both studies (one
reports a B-value of 0.14 and the other of -0.72; they fail to report individual R?

values however) (101, 126).

Others factors that have been associated with fatigue in patients with heart
failure are: decreased exercise capacity (73, 100, 131); comorbidities such as
hypertension (131) or diabetes mellitus (100); not having a biventricular
pacemaker (126); use of beta-blockers (associated with chronic fatigue, not

fatigue on exertion) (126) or psychotropic agents (100); type D personality (131);
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quality of life (92); and finally marital status, with married patients reporting

higher levels of fatigue (91).

Although several studies have looked at the relationship between resting
haemodynamic indices and exercise capacity in patients with heart failure (107,
132-136), few studies have looked at objective haemodynamic findings and their
association to individual symptoms (as opposed to exercise tolerance or overall
NYHA class) (137, 138). Guglin et al found a weakly positive correlation between
pulmonary artery pressures and fatigue as the main reason for stopping exercise
training (137). They also found that fatigue was inversely correlated to serum
sodium, potassium and albumin. Correlations are linear associations between
variables, meaning that as the average value of one variable changes, so does
the average value of the other variable, and this association can be influenced
or caused by other observed or unobserved variables. Although correlations are
commonly used and relatively easy to interpret, a correlation does not tell us
how the two variables are interacting, the do not indicate direction of
interaction. Is fatigue decreasing as sodium increases or is sodium increasing as
fatigue decreases? Correlation does not imply causation- a correlation merely
tells us that the two variables are interacting. Lipkin et al found that fatigue was
inversely correlated to maximal cardiac output during exercise (138). Again, the

same problem arises, where correlation does not imply causation.

Equally important as correlates of fatigue in heart failure are the markers that
have been found to have no association to symptoms, such as NT-proBNP and
improved haemodynamic measures (137, 139), lending support to the muscle

hypothesis as an origin of symptoms in heart failure (described in section 2.3.1)

Table 2-1 presents a summary of the publications | found to be relevant in
identifying the correlates of fatigue in patients with heart failure. | present the
objectives of each study, the number of patients included in each one, the

method used to measure fatigue and the relevant findings.

2.3.3 Prognostic value of fatigue

Only 5 studies investigating the prognostic value of fatigue in heart failure
patients were identified. The Carvedilol or Metoprolol European Trial (COMET)
enrolled 3029 patients with HF. In a secondary analysis of COMET, fatigue, as
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well as dyspnoea and orthopnoea, correlated significantly with mortality and
hospitalisation due to worsening HF (worse fatigue associated with higher event
rates). However, after performing multivariable Cox regression analysis
(adjusted for the baseline characteristics of age, gender, NYHA class, duration of
HF, aetiology of HF, previous myocardial infarction, coronary artery disease,
angina, hypertension, diabetes; stroke, and concomitant medication) the
authors found that only dyspnoea and not fatigue was associated with increased
mortality. Fatigue remained a significant predictor for the development of
worsening heart failure (RR 1.09 per unit increase of fatigue; 95% ClI 1.02-1.17; P
=0.02). (86) This study remains the most important one looking at the prognostic
value of symptoms in heart failure as the model was adjusted for well-known
prognostic factors (including NYHA class though they did not measure NT-
proBNP) and analysed a large number of patients, even though it is a secondary
analysis, which deducts weight from their results. Additionally, the cohort was
not very different from the patients studied in CORONA, which provides a solid

base for performing further analyses in said cohort.

Two more studies identified fatigue as a predictor of adverse events. (100, 126)
The first examined fatigue as measured by the Dutch Exertion Fatigue Scale
(DEFS) and identified six fatigue categories with the third level (moderate offset
exertional fatigue with an observed mean DEFS score at baseline of 19.94) as the
reference group. The study reported that compared the reference group
mentioned above, the low exertion fatigue class was associated with lower all-
cause mortality (HR=0.12, 95% Cl 0.02-0.93, p=0.04) and severe exertion fatigue
class with greater all-cause mortality (HR2.59, 95% Cl 1.09-6.19, p=0.03). (100)
In another study, patients with high levels of fatigue on exertion had an
approximately two fold increased risk of experiencing an adverse cardiac event
such as cardiovascular hospital readmission or death (HR=1.78, 95% Cl 1.18-2.68,
P=0.006). (126) Importantly, these studies measure fatigue on exertion as
opposed to chronic fatigue; fatigue on exertion has an acute onset, has a short

duration and a short recovery period(140-142).

Another small (n=61), a 9 months prospective study of older patients (mean age
61 + 15 years) identified anergia (defined as criterion-based syndrome based on
7 questions) as an independent predictor of hospitalisation due to any cause
(odds ratio of 7.7, 95% ClI 1.43-41.56,p= 0.02) after a 3-month follow up period.
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(143) From their methods section, although it is not completely clear it seems
that the multivariate logistic regression looks at the prognostic significance of
the presence of anergia in this cohort (with the outcome being hospitalisation or
no hospitalisation), however the authors do not specify if they are referring to a
lack of energy at baseline, or during follow up. Additionally, survival analysis
would be more adequate than multivariate logistic regression when analysing the
prognostic value of a symptom, and an outcome of hospitalisation due to heart
failure, as opposed to hospitalisation due to any cause, would be more
acceptable because such an outcome would address how fatigue is associated
with heart failure as elderly patients can be hospitalised for a number of reasons

which have nothing to do with their heart failure status.

A further study by Chase et al analysed the reason for stopping cardiac exercise
testing (fatigue vs. dyspnoea), investigating 183 patients with heart failure who
were followed up for time to first cardiac-related event for a maximum of 2 years.
They found that differences in event-free survival were significant between
patients who had stopped due to dyspnoea and those who stopped due to fatigue,
with a higher event rate in the dyspnoea group. Their results show that within the
fatigue group, 84.6% were event free at 20 months (16 events in 104 patients), vs.
68.4% in the dyspnoea group (25 events in 79 patients); log rank p value=0.02.
(144) These results are derived from univariate analysis and do not look at the
prognostic significance of individual symptoms, but rather a comparison between
the two symptoms. Additionally, the authors looked at the reason for stopping
exercise testing, which addresses a slightly different issue than fatigue (or

symptoms) during daily living.

2.3.4 Statin use/co-enzyme Q,, and fatigue

| was able to find some references on the association between statin use and
fatigue in patients with heart failure by hand searching the literature, as well as
the association between co-enzyme Q10 and fatigue. | summarise my findings

next.

Although there is evidence of muscle related adverse events associated with
treatment with high doses of simvastatin (145), and it is well known that the
most common adverse events associated with statin use are muscle related (146,

147), there is no convincing evidence that low dose statins impair muscle
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function or exercise capacity. (148-152) One study by Golomb et al reported
that, compared with placebo, 6 months treatment with a modest dose of
simvastatin or pravastatin had an adverse effect on a cumulative measure of

energy and fatigue. (153)

HMG-CoA reductase inhibitors block the synthesis of co-enzyme Qio which is
recognized component of mitochondrial ATP production. (154) There has been
much interest in the potential role of coenzyme Qo as a therapeutic agent in
heart failure. (155-157) It has even been proposed that treatment with
ubiquinone (co-enzyme Q10) should be included in guidelines for congestive
heart failure (158); however, few studies have looked at the association
between statin use, co-enzyme Q10 levels and fatigue in patients with heart
failure (159-161) and they have conflicting results. While two of the studies
support the idea that supplementation with ubiquinone (co-enzyme Q10) is
beneficial for symptom reduction in patients with heart failure (159, 161), these
studies have been small (n=50 and 79) and the associations have been either
weak (161) or the authors have failed to adequately analyze their data (i.e.
presenting descriptive results without statistical testing of modeling). (159) One
other study found no association between treatment with co-enzyme Q10 and
exercise capacity in patients with congestive heart failure (160), although the

authors did not look specifically at fatigue but rather exercise capacity.

2.3.5 Discussion

Although a number of studies have been published looking to identify predictors
of fatigue in heart failure patients and fatigue as a prognostic tool, the results
are conflicting. Most of the studies are small and underpowered to detect an
association between fatigue and clinical outcomes and very few look at
objective measures. The paper by Evangelista et al (73) is the most widely cited,
and although it is well written with robust statistical analyses and includes
thorough demographic and clinically relevant covariates, it has a small sample
size and does not include information on potentially important laboratory values
like NT-proBNP, electrolyte levels or thyroid hormone levels. Smith (99, 100,
126, 131, 162, 163) and Falk (95, 96, 164, 165) are the two most prolific authors
looking at the role of fatigue in patients with heart failure but their focus has
mostly been on the impact of symptoms on quality of life and not on the

correlates of fatigue or its prognostic value. Although all the publications
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included in this review clearly state their objectives and methods, most of them
rely on subjective data (i.e. quality of life, depression, social support or
emotional distress) and are not supported by objective data (i.e. laboratory of

haemodynamic measures).

An association between younger age and worse health related quality of life
(measured with the MLHFQ) in patients with heart failure has been documented;
female sex was also an independent predictor or worse quality of life in this
study. (166) It is also well known that depression and fatigue are closely linked.
Having said this, it has been documented that both the prevalence and the
incidence of major depression double after 70-85 years of age (167-169);
however, an elderly person is slightly less likely than someone who is middle-
aged to report symptoms of depression. (170) This could mean that older age
might influence how patients experience and report symptoms of heart failure,
making them less likely to report them. In other words, depression could be
confounding the association between age and fatigue. Moreover, cultural

differences in the experience of symptoms have been documented (171, 172)

Evidence supporting the concept that statins have a deleterious effect on fatigue
in patients with heart failure is scarce. Similarly, the evidence-base supporting
the benefit of treatment with co-enzyme Q10 on fatigue severity in patients
with heart failure is weak.



Table 2-1 Evidence table for published literature relating to fatigue and heart failure

Author
Year of
publication
Lipkin
1986 (138)

Friedman
1995 (130)

Tiesinga
2001 (102)

Shah
2002(139)

Ekman
2002 (94)
Falk
2006 (96)

Smith
2007 (131)

Evangelista

2008 (73)

Smith 2008
(163)

N

25

57

138

201

158

93

136

150

506

Objectives

To evaluate the response to exercise in patients with heart
failure and determine what metabolic, haemodynamic and
ventilator changes correlate to symptoms.

Examine the contribution of physical and psychological factors
to the variance in fatigue.

To test the sensitivity, specificity, and usefulness of the Dutch
Fatigue Scale (DUFS), which is based on NANDA'’s defining
characteristics of fatigue.

Evaluate the association between symptoms and changes in
hemodynamic variables on pulmonary-artery catheterization.

Describe and compare the experience of fatigue in a group of
elderly women and men with severe chronic heart failure.
Describe the fatigue experience and its relationship to
haemoglobin (Hb) concentration and to evaluate its effect on
health-related quality of life in a hospitalised CHF population.
To examine the role of clinical and psychological
characteristics as predictors of fatigue in HF.

Determine the prevalence of fatigue and identify its
demographic, clinical, and psychological correlates.

Examine the effect of the stage of ischemic heart disease and
type-D personality on fatigue and depressive symptoms and
whether the effect of type-D personality on these symptoms is
moderated by ischemic heart disease stage.

Method Used to
Measure Fatigue

Reason for stopping

exercise test (fatigue

vs. dyspnoea)
Cohen-Hoberman

Inventory of Physical

Symptoms.

The Dutch Exertion
Fatigue Scale

Yale Dyspnoea-
Fatigue Index

Fatigue Interview
Schedule
Multidimensional
Fatigue Inventory
Scale

Dutch Exertion
Fatigue Scale

Profile of Mood

States-Fatigue

The Maastricht
Questionnaire(173)

Factors Associated
with Fatigue

Inversely related to
maximal cardiac output
during exercise.
Shortness of breath

Women with heart
failure report more
fatigue than men

No correlation between
reduction in filling
pressures/ increase in
cardiac contractility and
symptoms

Women report more
fatigue than men

Lower Haemoglobin
levels (<=125 g/L)
Higher NYHA
Decreased exercise
capacity, dyspnoea,
hypertension, depressive
symptoms, type-D
personality, sleep
problems

Lower maximal
workload, lower physical
and emotional health
scores, and depression
Type-D personality is an
independent predictor of
fatigue.
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Stephen
2008 (91)

Falk
2009 (95)

Fink
2009 (97)

Smith
2009 (126)

Albert
2010 (71)

Chen
2010 (93)

Tang
2010 (101)

Smith
2010 (100)

53

112

87

387

276

105

107

310

Describe fatigue and the relationships among fatigue intensity,
self-reported functional status, and quality of life in older adults
with stable heart failure.

Examine the association between fatigue, depression and
symptom distress and to explore the relationships between
individual symptoms and the dimensions of fatigue in patients
with CHF.

Determine the psychometric properties of 2 fatigue
questionnaires in patients with HF, compare fatigue in patients
with HF to published scores of healthy adults and patients with
cancer undergoing treatment, and identify the physiological
and psychosocial correlates of fatigue in HF

Examine the factors associated with changes in fatigue in
chronic heart failure and determine their prognostic impact.

Examine prevalence of signs and symptoms relative to
demographics, care setting, and functional class.

Examine the level of fatigue perceived by patients with heart
failure and to explore the potential factors influencing fatigue.

Examine the associations among age, gender, NYHA, EF,
beta-blocker use, Haemoglobin, depression and fatigue in
patients with HF and determine the contribution of
physiological and psychological factors to the variance in HF
patients’ fatigue.

To identify distinct trajectories of fatigue over a 12-month
period and to examine their impact on mortality in chronic heart
failure.

Profile of Mood States
fatigue subscale

Multidimensional
Fatigue Inventory
Scale

Fatigue Symptom
Inventory (174) and
the Fatigue subscale
scores on the Profile
of Mood States.
Dutch Exertion
Fatigue Scale

Self reported through
checklist

Piper fatigue scale
(PES)

Fatigue Visual
Analogue Scale
Tang Fatigue Rating
Scale

The Dutch Exertion
Fatigue Scale

Marital status-married

Increased Emotional and
symptom distress
Depression

Depressed mood,
reduced physical
functioning, lower
haemoglobin (below
11.0 mg/dL)

Lower LVEF, not having
a biventricular
pacemaker, use of beta-
blockers, and cognitive
affective depressive
symptoms.

Higher NYHA
Hospitalised patients
report more fatigue
Higher NYHA class,
increased symptomatic
distress, depression,
anxiety and appraisal
support by health care
providers (not family).
Higher NYHA,
depression and lower
LVEF

Female gender, older
age, physical inactivity,
diabetes mellitus, co-
morbidities, higher
NYHA class, impaired
exercise capacity, and
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Austin
2011 (92)

Bunevicius
2012
(175)

Fink
2012 (125)

Guglin
2012(137)

Redeker
2012 (176)

Riegel
2012
(177)

Comin-Colet
2013(178)

Eckhardt
2014 (179)

200

83

59

433

173

280

552

102

Report on patterns and severity of fatigue in surviving patients
in a 5-year heart failure programme.

Evaluate the possible associations of fatigue and exercise
capacity with function of adrenal and thyroid axis in patients
with coronary artery disease

To examine the relationship among fatigue, cytokines and
projected mortality and elucidate the biological and clinical
correlates of fatigue

Evaluate if there is a correlation between haemodynamic,
echocardiographic and laboratory data and presenting
symptoms of heart failure

Evaluate nocturia severity and nocturia-related differences in
sleep, daytime symptoms and functional performance among
patients with stable HF.

Explore the correlates of fatigue in patients with HF as a
secondary objective

Evaluate the effect of iron deficiency and/or anaemia on
health-related quality of life in patients with HF

Describe fatigue in patients with HF and determine if specific
demographic, physiological or psychological variables were
correlated to fatigue, and if fatigue is associated with health-
related quality of life.

Question 13 of the
Living with Heart
Failure Questionnaire
(University of
Minnesota MLHF)
The Dutch Exertion
Fatigue Scale

Profile of Mood States
fatigue subscale

4 point Likert scale

The global fatigue
score of the
Multidimensional
Assessment of
Fatigue scale (MAF)
Items from the Kansas
City Cardiomyopathy
Questionnaire (15)

Living with Heart
Failure Questionnaire
(University of
Minnesota MLHF)

Fatigue Symptom
inventory

use psychotropic
medication

Increased impairment in
QoL measured with
MLHF questionnaire.

Low thyroid hormone
concentrations and low
cortisol levels associated
with fatigue

NYHA, depression, poor
sleep quality

Positive correlation to
pulmonary artery
pressures

Presence of nocturia
was associated with
increased fatigue

Worse sleep quality
score and worse
functional class

Iron deficiency was
significantly associated
with physical aspects of
the questionnaire
(including fatigue)
Depressive symptoms
were the only predictors
of fatigue
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3 Dyspnoea in heart failure

3.1 Search Strategies

The electronic database MEDLINE was searched (from 1946 to July week 1 2015),
limited to human subjects and English language. Relevant MeSH terms were
identified. Terms and keywords were combined according to the search criteria
and to the requirements of the database. Hand searching the bibliographies of

relevant studies identified no further publications.
Heart failure was defined in the same way as detailed in Chapter 2.

Dyspnoea was defined using MeSH terms “Dyspnea”, “Dyspnoea”, “Paroxysmal
Dyspnoea” and “Paroxysmal Dyspnea”, and the following keywords: dyspnea,

dyspnoea, shortness of breath, breath shortness and breathlessness.

Search strategies and terms were discussed with and approved by the College
Librarian for the School of Medicine (Ms Heather Worlledge). | screened titles
and abstracts to identify relevant studies. All relevant publications with a focus
on heart failure that looked at individual symptoms were included in this

literature review. Detailed search strategies can be found in Appendix 2.

Search strategies described above were applied to EMBASE (OVID) and resulted in
20803 additional potential publications. A preliminary scan of titles and
abstracts of the first 3,000 publications proved unsuccessful in identifying
additional relevant publications for the purpose of this literature review so the

search was limited to MEDLINE for the final document.

3.2 Aims

The aims of this review were to: 1) ldentify the demographic characteristics
associated with dyspnoea in patients with heart failure; 2) Determine whether
dyspnoea (and change in dyspnoea over time) is associated with worse morbidity
and mortality in patients with heart failure. A secondary aim was to identify

literature describing the aetiology of dyspnoea in heart failure.
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3.3 Results

3810 studies were identified in the MEDLINE (OVID) search.

3.3.1 Aetiology of dyspnoea in heart failure

Dyspnoea has been defined in a consensus statement by the American Thoracic
Society as a “subjective experience of breathing discomfort that consists of
qualitatively distinct sensations that vary in intensity”. (180, 181) It is a common
and complex symptom that accompanies many disorders and diseases and is
derived from multiple pathophysiological sources, rather than from a single one.
(182) Although dyspnoea on exertion can be normal, it is considered pathological
when it occurs with a level of activity that should usually be well tolerated.
(183)

Dyspnoea occurs when there is a mismatch between the feedback from the
central respiratory centres and the efferent motor signals to respiratory
muscles. (184-186) Traditionally, it was thought that symptoms were derived
from haemodynamic changes in heart failure that lead to an increased left
ventricular pressure to maintain cardiac output by the Frank-Starling principle,
leading to stiff lungs or apparent alveolar fluid overload, but now it is well
known that the degree of left ventricular dysfunction is not closely related to
symptoms, a mechanism often referred to as the “central hypothesis” for the
origin of symptoms. (81, 84, 113) The precise mechanisms of why heart failure
causes dyspnoea are not thoroughly understood and it has become widely
accepted that generalised changes in muscle bulk, metabolism, endurance, and

blood flow may all contribute to the origin of dyspnoea. (106, 187)

As mentioned in chapter 1, a new term of bendopnea has been introduced to
describe dyspnoea when bending forward in patients with heart failure (26), and
while orthopnoea has been best correlated to elevated left ventricular pressures
(not dyspnoea on exertion) (188) so has bendopnea been associated with high
PCWP supporting the concept that both symptoms have the same underlying
pathophysiology. Orthopnoea, nocturnal paroxysmal dyspnoea and bendopnoea
are more specific to heart failure, but are also less common than exertional

dyspnoea. (5) The focus of my thesis is on dyspnoea on exertion.
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The frequent coexistence of dyspnoea and fatigue and the weak association
between dyspnoea relief and improvement of haemodynamic parameters support
the notion that structural abnormalities of skeletal muscle may be involved in

the generation of dyspnoea.

3.3.2 Correlates of dyspnoea

| identified 12 publications looking at the correlates of dyspnoea in patients with
heart failure. Reviews, editorials and meta-analyses were not considered for this
section, only studies that analysed individual symptoms in patients with heart
failure with reduced ejection fraction were included. Three publications (27,
137, 189) determined that dyspnoea was not associated or was weakly
correlated to haemodynamic measures like pulmonary artery pressures or
pulmonary capillary wedge pressures, while Solomonica et al (190) found that
improved pulmonary capillary wedge pressure (OR 1.80, 95% CI 1.22-2.65) and
mean pulmonary artery pressure (OR 2.98, 95% CI, 1.91-4.66) were associated
with improvement of dyspnoea at rest. Other variables associated with dyspnoea
relief are opioid use (191, 192), higher respiratory rate, higher haemoglobin
levels, higher serum sodium levels and history of peripheral artery disease. (193,
194)

Several other studies looked at the relationship between pulmonary/respiratory
function and dyspnoea. Bronchodilator use showed benefit in alleviating
dyspnoea in patients with concomitant airway obstruction (Borg score 0.7 + 1.2
pre-bronchodilator use versus 0.9 + 1.3, p=0.002 post-bronchodilator use)
(195); however, two earlier studies (196, 197) showed that dyspnoea had no
association with spirometric measures or measures of airway obstruction.
Inspiratory muscle training nonetheless proved beneficial in two small studies.
(198, 199) Another factor which has shown to have inconclusive associations with
dyspnoea is NT-proBNP level, where one research group (193) showed a
correlation with dyspnoea while another failed to do so (200). The paper that
provides evidence for an association of dyspnoea with NT-proBNP levels report
an increase of 5% in the odds of reporting relief in dyspnoea with a doubling of
NT-proBNP levels (95% Cl 1.01-1.08, p<0.01), which is rather counter-intuitive as
one would assume that higher NT-proBNP levels represent a worse health status;
the authors fail to provide an explanation or speculate as to the reasons for this

finding. Although the confidence interval is narrow, and the p value is small, the
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authors do not provide information on interactions, if any were performed. This
finding could either be a spurious finding or could be influenced by confounding
factors, like weight or renal function, which can affect NT-proBNP levels.
Another possible explanation for this association between increased NT-proBNP
levels and a higher likelihood of reporting symptom relief could be due the
biological effects of natriuretic peptides, which promote diuresis, vasodilation
and inhibition of renin and aldosterone secretion. (201)

Table 3-1 presents a summary of the publications | found to be relevant in
identifying the correlates of dyspnoea in patients with heart failure. | present
the objectives of each study, the number of patients included in each one, the

method used to measure dyspnoea and the relevant findings.

3.3.3 Prognostic value of dyspnoea

A secondary analysis from the PROTECT trial (Placebo-controlled Randomized
Study of the Selective A1 Adenosine Receptor Antagonist Rolofylline for Patients
Hospitalized with Acute Decompensated Heart Failure and Volume Overload to
Assess Treatment Effect on Congestion and Renal FuncTion)(202) which included
1998 patients identified early dyspnoea relief (as defined by moderately or
markedly better dyspnoea at both 24 and 48 hours from randomisation) as a
significant independent predictor for lower mortality at both 14 and 30 days (HR
at 14 days 0.28, 95% CI 0.15-0.50; HR 30 days 0.35, 95% Cl 0.22-0.55). It is
important to note that PROTECT included patients with dyspnoea at rest or
minimal activity and looked at patients who were hospitalised for acute heart

failure.

As mentioned in section 2.3.3, in a secondary analysis of The Carvedilol or
Metoprolol European Trial (COMET) dyspnoea correlated significantly with
mortality (1.14 per unit increase in dyspnoea: 95% CI 1.04-1.26; p=0.01) and
hospitalisation due to worsening HF (1.09 per unit increase in dyspnoea: 95% CI
1.02-1.17; p=0.02). (86)

Moser et al (203) hypothesised that patients who reported greater variability in
their symptom severity would have more difficulty recognising worsening
symptoms and would in consequence have worse outcome. In their study they

followed 71 patients with heart failure and asked them to record their heart
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failure symptoms daily for 30 days and were followed-up for an average of one
year. They found that high variability in daily ratings of dyspnoea was associated
with higher risk of the composite outcome of heart failure hospitalisation or
death when compared to a stable symptom pattern (OR 4.09, 95% Cl 1.16-14.39).
The authors determined high or low symptom variability patterns by averaging
the daily ratings and determining the standard deviation for each patient,
subsequently classifying them. Nonetheless, the authors failed to adjust for
average symptom severity, comparing only the groups who had some variation.
The results would have been more robust if they could show that symptom
variability was associated with outcome independently from average dyspnoea

levels.

In 2005, a very large retrospective cohort study (n=74,580) from the United
States identified dyspnoea on exertion as an independently significant predictor
for 30-day rehospitalisation, stating that this symptom was the primary clinical
variable associated with rehospitalisation. (204) They report that having no
dyspnoea was associated with a 45% lower risk of being re-hospitalised within 30
days of the index hospitalisation when compared to having dyspnoea at rest (HR
0.55, 95% Cl 0.51-0.60). In this study, Madigan et al speculate that the dyspnoea
patients reporting during home health-care visits could be influenced by both
the disease process and deconditioning associated with inactivity. Although the
authors identify the reason for rehospitalisation as cardiac related in 42% of the
cases, they also report that 32% of the re-hospitalisations had a secondary
diagnosis of COPD, which could contribute heavily to the sensation of dyspnoea.
(8, 205)

A small study (n=58) performed in Brazil by Weber et al identified higher
baseline levels of dyspnoea (as self-reported with a 5-point Likert scale) to be
independently associated with hospitalisation due to cardiovascular causes, even
after adjusting for NYHA class and NT-proBNP. However, the authors fail to
describe if and how adverse events (including hospitalisations) were
adjudicated. Additionally, the sample was selected from a pre-transplant clinic,
which might be more representative of a “sicker” population rather than the

majority of heart failure patients. (206)

A retrospective study including 134 individuals with heart failure by KM Anderson

published in 2014 identified dyspnoea as a significant predictor for 60-day
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hospital readmission. The author, however, fails to describe how dyspnoea was
measured or if it was dyspnoea at rest or on exertion, simply stating that

demographic data and patient history were obtained from medical records. (207)

More recently, Mentz et al (208) performed analyses on an American registry for
acute decompensated heart failure, a large cohort that they linked to Medicare
files (48616 individuals). The authors identified dyspnoea at rest (on admission
for acute heart failure) compared to dyspnoea with moderate activity as an
independent predictor for increased 30-day mortality and HF readmission (all-
cause mortality HR 1.89, 95 % ClI 1.60-2.24; HF readmission within 30 days HR
1.35, 95% Cl 1.14-1.59). The excluded patients who had no record of dyspnoea
on admission or who reported no dyspnoea, effectively eliminating data on over

23,000 subjects, they also excluded patients with an elective hospital admission.

In late 2008, a study comparing fatigue vs. dyspnoea as the reason for stopping
exercise testing in 271 patients with chronic heart failure found that there was
no difference in adverse outcome (death) at 36 months follow-up when
comparing the two symptoms (HR 1.02, 95% Cl 0.63-1.64). The authors conclude
that symptoms experienced by patients with chronic heart failure with no
concomitant pulmonary disease during exercise testing do not provide additional
prognostic information over other indicators such as NYHA class or peak oxygen
consumption (209), although previous, larger studies have shown differently. For
example, a study published in 2005 that analysed data from 17991 patients who
underwent stress testing determined that dyspnoea was associated with a
significant increase in the risk of death due to cardiac causes (HR 1.9, 95% ClI
1.5-2.4)(210). Another group of seemingly healthy males who underwent
exercise testing that was followed-up for 26 years published in 2014 found that
after adjusting for other important covariates (age, smoking, total cholesterol,
systolic blood pressure, blood glucose and physical fitness), people stopping due
to difficulty breathing had a 1.55 fold increase (95 % Cl 1.10-2.18) in the risk of
dying from coronary heart disease when compared to stopping due to fatigue.
(211) Similarly, Chase et al found that patients who stopped exercise testing due
to dyspnoea were more than 2 times more likely to have a cardiac related event
than those who stopped due to fatigue (HR 2.1, 95% ClI 1.1-4.0), sample size was

183 men and women and follow-up time was 2 years. (144)
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3.3.4 Discussion

| found a very weak evidence base for correlates of dyspnoea in patients with
heart failure. Most of the literature identified what is not associated with
dyspnoea (i.e. haemodynamic measures, pulmonary function), which gets us one
step closer to effectively identifying the pathophysiological process underlying
dyspnoea, by eliminating potential mechanisms. Nevertheless, eliminating
causes does not provide evidence of what is effectively responsible for dyspnoea
in patients with heart failure and more importantly the potential role of
dyspnoea as a predictor of outcome remains unclear. Few studies look at
correlates of dyspnoea on exertion, most focus on variables associated with
dyspnoea relief and few studies look at dyspnoea in a non-acute setting, which is
the focus of this thesis.

Although dyspnoea is recognised widely as a pivotal symptom of the disease, and
is commonly associated with outcome, the pathophysiology underlying this
complex symptom is still poorly understood. Additionally, most studies looking at
the importance of dyspnoea as a predictor of outcome focus on acute heart
failure in a hospital setting, while the majority of patients living with this
devastating disease are ambulatory and live with exertional dyspnoea that limits
their activities on a daily basis and has an important influence on their quality of
life.



Table 3-1 Evidence table for published literature relating to dyspnoea and heart failure

Author
Year of
publication
Lipkin
1986 (138)

Evans
1996(196)

Russell
1998(189)

Laoutaris
2004(199)

Witte
2004(212)
Drazner
2008(27)

Bosnak-
Guclu
2011(198)
Eckman
2011(213)

N

25

71

35

120

194

36

72

Objectives

To evaluate the response to exercise in patients with heart
failure and determine what metabolic, haemodynamic and
ventilator changes correlate to symptoms.

Examine if airway obstruction and bronchial hyper-
responsiveness contribute to dyspnoea and reduce exercise
capacity in patients with heart failure

Identify factors responsible for the symptom of dyspnoea in
patients with heart failure

To investigate the effect of inspiratory muscle training on
exertional dyspnoea in patients with chronic heart failure.

To examine the effect of aspirin on the ventilatory response
to exercise in a group of patients with chronic heart failure
Determine if estimated hemodynamics from history and
physical examination reflect invasive measurements and
predict outcomes in advanced heart failure.

Investigate the effects of inspiratory muscle training on
dyspnoea in heart failure patients

Investigate if lowering breathing rate with the help of a
respiratory modulation device could improve symptoms in
patients with chronic heart failure

Method Used to
Measure Dyspnoea

Reason for stopping
exercise test (fatigue
vs. dyspnea)

Borg score

10-point Likert scale

Borg score

10-pont Likert scale

Data obtained from
CRF where dyspnoea
was recorded as: at
rest, walking in a room
or walking less than a
block.

Modified Medical
Research council
dyspnoea scale
5-point Likert scale

Factors Associated
with Dyspnoea

Associated with a rapid
rise in plasma lactate
concentration and fall in
arterial pH.

No relationship between
measures of airway
obstruction and
dyspnoea on exertion
No correlation with rest
or exercise
haemodynamic,
spirometric or metabolic
variables.

Inspiratory muscle
training for 10 weeks
was associated with
alleviated dyspnoea
Aspirin had no effect on
dyspnoea on exertion
Dyspnoea on exertion
was not associated with
hemodynamic
measures.

Inspiratory muscle
training decreases the
perception of dyspnoea
Device guided
respiratory modulation
did not improve
symptoms compared to
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Guglin 433
2012(137)
Minasian 116
2012(195)
Gomutbutra 115
2013 (191)

Kociol 308
2013(200)

Mentz 7141
2013(193)

Investigate the haemodynamic, echocardiographic and
laboratory correlations to various heart failure symptoms.

Evaluate the effect of maximal bronchodilation with combined
inhaled salbutamol and ipratropium bromide on pulmonary
function and dyspnoea in patients with chronic heart failure.
Describe the management of moderate-to-severe dyspnoea
in palliative care patients

Investigate the relationship between markers of decongestion
and dyspnoea relief in patients hospitalised for acute
decompensated heart failure.

Examine the characteristics of acute HF patients associated
with moderate or marked dyspnoea relief at 6 h following
initiation of nesiritide.

Presence or absence
of dyspnoea on
admission, discharge
and 3-month follow-

up.

Borg dyspnoea score

Self reporting of
moderate-to-severe
dyspnoea on a four-
point categorical scale

Dyspnoea visual
analogue scale

7-point Likert scale

those who only listened
to music.

Weak correlation with
haemodynamic
measurements of
pulmonary artery
pressures during systole
and diastole. Inverse
relation to systemic
systolic and diastolic
pressures and right and
left atrial size. Inversely
correlated to serum
creatinine, albumin,
sodium, total bilirubin,
haemobglobin and
haematocrit.
Bronchodilators were
associated with
improved dyspnoea.
The combination of
opioids and
benzodiazepines was
associated with an
improvement

Weight loss, fluid loss
and NT-proBNP
reductions were poorly
correlated with
dyspnoea relief.

Higher respiratory rate
age, lower sodium
levels, presence of
oedema on chest
radiograph, higher NT-
proBNP, higher BNP,
NYHA class |, higher
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Oxberry
2013(192)

Solomonica
2013 (190)

Pang
2014 (214)

Mentz
2015(208)

35

233

524

Assess the longer-term effect of oral opioids on dyspnoea
due to CHF.

Examine the relationship between hemodynamic measures
during treatment ant dyspnoea improvement.

Determine predictors of early dyspnoea improvement for
three different commonly used scales in patients with acute
heart failure.

48616 To describe the characteristics of patients hospitalized for

acute HF according to dyspnoea severity and to examine

associations among dyspnoea severity, outcomes and costs.

0-10 numerical rating
scale and modified
Borg score

Dyspnoea at rest
assessed with a self-
reported 7-point Likert
scale.

5-point Likert scale,
10 cm visual analogue
scale and 7-point
relative Likert scale

Self reported
dyspnoea on exertion
as obtained from
medical records

systolic blood pressure,
lower BUN

Long term opioid use (3
months) was associated
with dyspnoea relief.
Improvement of PCWP
and mean pulmonary
artery pressure was
associated with
improvement of
dyspnoea at rest.
Peripheral vascular
disease, longer
dyspnoea onset time
and having new onset
heart failure was
associated with
dyspnoea improvement
if using the 7-point Likert
scale.

Baseline dyspnoea was
associated with
dyspnoea improvement
if measured with the
visual analogue scale or
the 5-point Likert scale.
Advanced chronic
kidney disease and
systolic blood pressure
2140 was associated
with dyspnoea at rest
vs. dyspnoea with
moderate activity.
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Aims and Objectives
Aims

Following the results of the literature review, the following aims were

developed for this thesis:

* Identify the factors associated with symptoms of fatigue and dyspnoea in

heart failure patients.

* Describe the relationship between these two symptoms of heart failure

and cardiovascular outcomes.

* Identify the baseline characteristics associated with change in symptoms

over time.

* Describe the relationship between change in symptoms and cardiovascular

outcomes.

The following objectives were formed from these overarching aims

Objectives

* To describe the prevalence and severity of fatigue and dyspnoea at time
of randomisation in the Controlled Rosuvastatin Multinational Trial in
Heart Failure (CORONA)

* To describe the baseline characteristics of CORONA participants according

to fatigue and dyspnoea severity at time of randomisation.

* To determine which baseline characteristics are independently associated

with symptom severity at time of randomisation in CORONA.

* To examine how symptom severity at time of randomisation is

independently associated with cardiovascular outcomes in CORONA.
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To determine which baseline characteristics are independently associated
with change in symptom severity from randomisation to 6 months follow-
up in CORONA.

To determine in CORONA whether change in symptom severity from
randomisation to 6 months follow-up is associated with cardiovascular

outcomes after 6 months.

Study any impact that statin use has on symptom severity over time in the
CORONA population.

To describe the prevalence fatigue and dyspnoea on effort at time of
randomisation in the Dual angiotensin receptor and neprilysin inhibition as
an alternative to angiotensin-converting enzyme inhibition in patients
with chronic systolic heart failure: rationale for and design of the
Prospective comparison of ARNI with ACEl to Determine Impact on Global
Mortality and morbidity in Heart Failure trial (PARDIGM-HF).

To describe the baseline characteristics of PARDIGM-HF participants
according to presence of fatigue and dyspnoea on effort at time of

randomisation.

To determine which baseline characteristics are independently associated

with symptom presence at time of randomisation in PARADIGM-HF.

Examine how the presence of symptoms on effort at time of
randomisation is independently associated with cardiovascular outcomes
in PARADIGM-HF.
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4 Methods

4.1 Data Source

The Controlled Rosuvastatin Multinational Trial in Heart Failure (CORONA) was a
multicentre, randomised, double-blind, placebo-controlled study which enrolled
a total of 5011 patients aged > 60 years with symptomatic (NYHA class II-1V),
systolic (LVEF < 40% but no more than 35% in patients with NYHA class Il) heart
failure. Patients were randomised to receive 10 mg of rosuvastatin or matching

placebo once daily.

The exclusion criteria included: previous statin-induced myopathy or
hypersensitivity reaction; decompensated heart failure or a need for inotropic
therapy; myocardial infarction within the past 6 months; unstable angina or
stroke within the past 3 months; percutaneous coronary intervention (PCl),
coronary-artery bypass grafting, or the implantation of a cardioverter-
defibrillator or biventricular pacemaker within the past 3 months or a planned
implantation of such a device; previous or planned heart transplantation;
clinically significant, uncorrected primary valvular heart disease or a
malfunctioning prosthetic valve; hypertrophic cardiomyopathy; acute
endomyocarditis or myocarditis, pericardial disease, or systemic disease (e.g.,
amyloidosis); acute or chronic liver disease; levels of alanine aminotransferase
or thyrotropin of more than 2 times the upper limit of the normal range; a serum
creatinine level of more than 2.5 mg per decilitre (221 pmol per litre); chronic
muscle disease or an unexplained creatine kinase level of more than 2.5 times
the upper limit of the normal range; previous treatment with cyclosporine; any
other condition that would substantially reduce life expectancy or limit
compliance with the protocol; or the receipt of less than 80% of dispensed

placebo tablets during the run-in period. (1, 2)

The ethics committee at each of the participating hospitals approved the trial,
and patients provided written informed consent. The primary composite
outcome was death from cardiovascular causes, nonfatal myocardial infarction,
or nonfatal stroke. The median follow up was 32.8 months. Secondary outcomes
included death from any cause, any coronary event, death from cardiovascular
causes, and the number of hospitalisations. Compared with placebo, rosuvastatin

did not reduce the primary outcome of composite of death from cardiovascular
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causes, nonfatal myocardial infarction, and nonfatal stroke, analysed according
to the time to the first event (HR 0.92; 95% CI 0.83 to 1.02; P = 0.12) or death
from any cause (HR 0.95 in the rosuvastatin group 95% Cl, 0.86 to 1.05; P=0.31).

(2)

Symptoms were measured at baseline (randomisation visit), 6 weeks after
randomisation, and 3 monthly thereafter in this trial population (1) Investigators
were asked to evaluate symptoms using the following statement: “State
symptoms during the past few days. Tick lowest level of physical activity causing

symptoms”.

Fatigue “during the past few days” was measured using a five-point exertion
scale (0 none, 1 heavy exertion, 2 moderate exertion, 3 slight exertion, 4 rest),
recorded by the investigator. Dyspnoea “during the past few days” was
measured using a four-point exertion scale (1 heavy exertion, 2 moderate
exertion, 3 slight exertion, 4 rest); a four- rather than five-point scale was used
for dyspnoea because the presence of dyspnoea at baseline was an inclusion
criterion for CORONA. The questionnaire for symptom severity was developed for
the Metoprolol CR/XL Randomised Intervention Trial in Congestive Heart Failure
(MERIT-HF)(31) and later used for CORONA.

The scale used in CORONA to measure symptom severity is not validated for
heart failure, although simple Likert scales are commonly used to measure
symptoms in a wide spectrum of diseases. For this reason | will look at the
relationship between NYHA class and symptom severity at baseline as an early

step in my analyses.

The focus of my analyses in CORONA will be on patients with LVEF <35% (n=3830)
because patients with a LVEF between 35% and 40% had to be in NYHA class Il or
IV (i.e. could not be in NYHA class Il). By excluding patients with LVEF>35% I
avoid NYHA class acting as a surrogate for LVEF, hence | am able to include both

of them in the multivariate model.

Additionally, | will examine symptoms on effort in The Prospective comparison of
ARNI with ACEI to Determine Impact on Global Mortality and morbidity in Heart
Failure trial (PARADIGM-HF). PARADIGM-HF was a large, multicentre,

randomised, double blind, parallel group, active-controlled, two-arm, event-



54

driven trial which compared LCZ696 and enalapril in patients with chronic

symptomatic heart failure with reduced ejection fraction published in 2014. (3)

The design and inclusion/exclusion criteria for the PARADIGM-HF trial have been
described in detail elsewhere. (3, 215-217) Briefly, patients had to be consenting
adults with symptomatic heart failure (NYHA class II-1IV) and LVEF<40%. If there
was a heart failure hospitalisation in the prior year, then BNP should be above or
equal to 100 pg/mL or NT-proBNP>400 pg/ml; if there was no history of
hospitalisation due to worsening heart failure, then BNP had to be greater or
equal to 150pg/mL or NT-proBNP>600 pg/mL. Patients had to be on ACE-
inhibitor or ARB therapy with a stable dose for the prior 4 weeks to screening
equivalent to enalapril 210mg/day. They also had to be on a beta-blocker with a
stable dose for the prior 4 weeks. Exclusion criteria included symptomatic
hypotension, systolic blood pressure less than 100 mmHg at screening or <95 at
randomisation, eGFR<30 mL/min/1.73 m?, reduction in eFGR>35% from screening
to randomisation, potassium >5.2 mmol/L at screening or >5.4 mmol/L at
randomisation, history of angioedema, or a history of unacceptable side effects
with ACE-inhibitors or ARBs.

PARADIGM-HF had a single-blind run-in period where all patients were treated
with enalapril 10 mg PO BID for two weeks then held for a day, then they were
treated with an angiotensin receptor neprilysin inhibitor (ARNI) at 100 mg PO BID
then 200 mg PO BID for 4-6 weeks. 8399 patients were randomised to either ARNI
LCZ696 (sacubitril/valsartan) 200 mg PO BID or enalapril 10 mg PO BID (the goal

dose from the Effect of Enalapril on Survival in Patients with Reduced Left
Ventricular Ejection Fractions and Congestive Heart Failure trial [SOLVD]). Doses

were adjusted for tolerability. Patients were followed-up every 2-8 weeks the

first 4 months and then every 4 months.

Median follow-up was of 27 months; the trial was stopped following a positive
interval efficacy analysis. The ARNI group had a reduction in the primary
outcome of CV mortality or HF hospitalisation (21.8% vs. 26.5%; NNT 21) as well
as each of the individual components. Additionally, the ARNI group had a
significant reduction in all-cause mortality (17.0% vs. 19.8%; NNT 36). (3)
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The Ethics Committee of each of the 1043 participating institutions (in 47
countries) approved the protocol, and all patients gave written, informed

consent.

Dyspnoea and fatigue on effort in PARADIGM-HF were recorded in every visit as

“present” or “absent”. | will analyse symptoms at randomisation.

4.2 Statistical Analyses

Data were analysed in several ways to comply with the objectives of this thesis. |
examined prevalence and severity of fatigue and dyspnoea by using traditional
descriptive statistics. | also analysed baseline characteristics (at randomisation
visit) according to fatigue and dyspnoea severity or presence/absence of
symptoms, reporting means and standard deviations for continuous variables
(medians and interquartile ranges for variables that were not normally
distributed) and percentages for categorical variables and comparing across

symptom groups by running a test for trend or chi’ to obtain a p value.

A logarithmic transformation of NT-proBNP was made for CORONA, as values
tend to have a very wide range (going from single digits to thousands),
additionally such a transformation will be consistent with comparable medical
literature and ease interpretation. For PARADIGM-HF, continuous variables were

dichotomised to allow for non-linear relationships with outcomes.

Given the possibility of an issue with co-linearity between NYHA class and
symptom severity, a Spearman’s rank correlation coefficient (218) was
calculated to investigate if both variables (NYHA class and symptom severity)
could be included in multivariable analyses. For fatigue, the correlation
coefficient was of 0.54 and for dyspnoea it was 0.65, both showing a moderate
positive correlation (219), but not sufficient to warrant exclusion of NYHA class
from the multivariable model. The stronger positive correlation between NYHA
and dyspnoea than between NYHA class and fatigue could be a reflection of how
NYHA class is assigned by clinicians, where there seems to be a tendency to
interrogate (and assign functional class based on this) more about dyspnoea than

other symptoms.
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For CORONA, | then used ordered logistic regression (220) to examine which
baseline characteristics were independently associated with symptom severity at
baseline. Ordered logistic regression and the assumptions underlying it are

described in detail later in this chapter.

| also looked at how symptoms are related to the risk of various events using Cox
proportional hazards regression (221). | later examined in CORONA change in
symptom severity from baseline to the 6-month visit, classifying patients as
showing a decrease (reduction in score), an increase (an increase in score) or no
change (unchanged score) in symptoms and analysed the relationship between

change in symptoms and subsequent clinical outcomes using Cox regression.

Finally. | examined the effect of a rosuvastatin treatment for six months on

symptom severity in CORONA.

A more detailed description of the method employed will be given in each

relevant results section.

In all analyses from CORONA, Group 1 (i.e. no/slight symptoms on exertion) was
used as the reference group for the symptom groups. In PARADIGM-HF, no

symptoms on effort is the reference group.

Unless stated otherwise, analyses were performed on a complete case scenario
where only patients with complete observations for all variables were included
in the analyses. Patients with missing observations were excluded for the main
analyses; however to address the issue of missing data | will report on analyses
based on averaging across 10 imputed data sets (following the multiple
imputation technique). The rationale and process of multiple imputation is

described in section 4.2.4 below.

Additionally, | ran all the analyses on the entire cohort from CORONA (i.e.
patients with the entire spectrum of LVEF; n=5011). Results for the sensitivity
analyses on the entire spectrum of LVEF and imputed data will be presented

separately in Appendix 5.

All analyses were carried out using Stata (version 12 or 14 Stata Corporation,

College Station, Texas, USA). P values are two tailed and a significance level of
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1% was used (p < 0.01). 95% confidence intervals were calculated. Interpretation
of the results is based on both p values and confidence intervals and their

relationship and whether they are consistent with available literature.

4.2.1 Ordered logistic regression
4.2.1.1 Introduction to the proportional odds model

| will analyse the association between baseline characteristics and symptom
severity at randomisation visit. Symptom severity was recorded using a Likert
scale, which graded symptom severity in an ordered fashion (see section 4.1).
The outcome of interest (symptom severity) is, strictly speaking, a categorical

variable, so some type of logistic regression would be in order for such purposes.

When examining the dependence of an outcome variable on one or more
independent variables, the scale of measurement of the response variable
usually determines the method. (222, 223) This scale can be nominal (yes/no;
cause of death), ordinal (with specific ranking) or interval (includes both ranking
and distance between intervals). (223, 224) Standard logistic regression is
applicable only to binary response variables (yes/no);(222, 224) and multinomial
logistic regression -although adequate for analysing a polytomous outcome
variable- would ignore the ranking of response variable. (222) A number of
variations of logistic/multinomial regression models have been developed for
analysing ordinal response variables, any such model is called an ordered
regression model. (220) There are several ordinal logistic regression models, the
most popular of them is the constrained cumulative logit model called
“proportional odds model” (POM). (224, 225) The choice between models can be
made on empirical grounds, dependent on model fit. (220) | have chosen the
POM for the same reason for which it is most commonly used in medical
literature; it allows for the effect of a covariate on the response variable to be
quantified by a single regression coefficient, thus allowing a single odds ratio to
be calculated, simplifying the interpretation and presentation of results. (224,
225)

The POM makes assumptions about the nature of the relationship between the

response variable and the prognostic factors. If the data do not fulfil the
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assumptions, the results of a regression applied to them can be misleading or
have no meaning at all. (222, 224, 225)

The following sections will focus on the logic behind the proportional odds model

and the assumptions linked to it.

4.2.1.2 Proportional odds model

To be able to extend the logistic regression model to allow for ordinal response
variables instead of binary response variables, modelling of cumulative logits is
common. For example, when the outcomes of Y are ordinal and are assigned the

values 0,1,......,k, cumulative probabilities can be defined by

Equation 1 Cumulative probabilities
C,~,~=Pr(Y2j | X,’), i=1,....,n, j=1 ,....,k,

allowing a logistic model to be written as

Equation 2 Proportional odds model
Cij ) -
ln( lC’ ) = a; + X;B, i=1,....,n, j=1,.... Kk,

1- ij

where a>ay>...>ax. j indexes the k possible cumulative probabilities obtained
from using k cut-offs to dichotomise Y. The regression coefficient B8, for the (th
explanatory variable X; is the log-odds ratio for the Y by X; association,
controlling for the remaining explanatory variables. Since 8; does not depend on
j, the model assumes that the relationship between X;and a dichotomised Y does
not depend on j, the point at which the dichotomisation is made. This
assumption of identical odds ratios across the k cut-offs is called the
proportional odds assumption. (224, 226)

4.2.1.3 Proportional odds assumption

This assumption states that the relationship between each pair of outcome
groups is the same. That is, the coefficients that describe the relationship
between the lowest versus all higher categories of the dependant variable are
the same as the coefficients for the next lowest category versus all higher
categories. In other words, the correlation between an independent variable and

a dependent variable does not change for the categories in the dependent
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variable, and the parameter estimations do not change for different cut-off
points. The fulfilment of this assumption allows for a single coefficient to
present results. If this were not the case, one would need different sets of
coefficients to describe the relationship between each pair of outcome groups.
(220, 224, 226)

If the data fail to satisfy the proportional odds assumption a valid approach is to
analyse such data by fitting a partial proportional odds model (222, 226), which
is an extension of the ordinal logistic regression models that allows non-
proportional odds for a subset of the explanatory variables. (226, 227) This will
give a single coefficient for explanatory variables that fulfil the proportional
odds assumption, regardless of the number levels in the outcome variable, and
will allow separate coefficients for comparing different levels of the outcome
variable for those explanatory variables that fail to fulfil the proportional odds
assumption. In other words, an ordered logistic regression is fitted when
assumptions are fulfilled, and a partial proportional odds regression is run when

the proportional odds assumption is not fulfilled.

The proportional odds model was used to model the effect of available baseline
covariates and their effect on severity of symptoms at baseline. It is important
to note that the purpose of my thesis is not to build a prognostic model for
symptom severity, but to identify which baseline demographic and medical
characteristics are associated with and would independently predict worse
symptoms at baseline. This was done to try and identify if fatigue and dyspnoea
have the same predictors and in this manner try to clarify if these two symptoms
have the same origin. The adjusted analyses used a previously published
CORONA risk-model for total mortality as this model has been developed for this
specific trial population. (228)

Proportional odds assumption was tested by fitting a partial proportional odds
model and comparing coefficients and confidence intervals in the different
models. (227) When the assumption was not met, separate odds ratios are
reported for the relationship between each group of symptoms and the covariate
of interest compared to the reference group. This was achieved by using a user-
written program in Stata that fits generalised ordered logit models for ordinal
dependent variables (called ‘gologit2’) which allows three cases of the

generalised model: the proportional odds model, the partial proportional odds



60

model and the logistic regression model. This program automatically identifies
the partial proportional odds model that best fits the data when used in

combination with the autofit option. (229)

4.2.2 Cox Regression

Cox regression is a commonly used method to analyse the survival experience of
a cohort. It studies the time elapsing between two events, time is a numeric
variable like any other but a specific feature of a time variable is that its

observations may be censored.

Survival analysis is preoccupied with following subjects over time and observing
at which point in time they experience an event of interest. It is common that
the study does not span long enough to observe the event for all subjects in the
study, which could be due to several reasons, usually unrelated to the study.
This is called administrative or right censoring and it means that the information
is incomplete because the subject did not have an event during the time that

the subject was part of the study. (230)

Typically, the effect of an intervention such as a new pharmacological
compound that is thought to modify an outcome of interest is examined on a
basis of time to outcome. | am interested in the association between a variable
(in this case symptom severity at baseline) and an event of interest (e.g. heart
failure hospitalisation). However, during follow up more than one type of event
can occur. While one event is usually chosen as the event of interest, the
occurrence of another event would prevent the occurrence of the event of
interest (e.g. death prevents a subject experiencing heart failure
hospitalisation). Survival analysis treats these competing events as censored
observations and assumes independence of the time to event and the censoring
distributions. One way to deal with the competing risks problem is to define a
composite endpoint that includes a clinical outcome such as death. (221, 231). |
analysed this cohort using traditional proportional hazards Cox regression and

using composite outcomes.

The assumptions underlying Cox regression are detailed below.
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4.2.2.1 Linearity assumption

As with all regression models, Cox regression considers a log-linear effect of
numeric covariates (equivalent to proportional odds assumption mentioned
above). This means that one unit's increase in a numeric covariate x; should have
the same effect whatever the value of x;and whatever the values of the other
covariates (if no interaction effects are included). (221) This assumption was
assessed by categorising the continuous variables and estimating a separate
effect for each group, then plotting the median for each group against it’s
coefficient and assessing the line to see if | got a fairly linear trend for the
estimates (see Appendix 3). Another valid approach to assess linearity would be
to include a spline transformation or a quadratic transformation of the
continuous variable and testing the null that the coefficients are equal to zero. |
did this in cases where the plots and/or Wald test left doubt about the linearity

assumption.

4.2.2.2 Proportional hazards assumption

The other assumption in Cox regression is the proportional hazards assumption.
This means that the survival functions for two strata must have hazard functions
that are proportional over time; in other words, the relative hazard must be
constant. This assumption was assessed using Schoenfeld residuals by testing the
null hypothesis of a zero slope in a generalised linear model. (232, 233) | also
tested this assumption by building log-log plots and assessing if the plotted lines

were reasonably parallel.

| tested the prognostic value of each symptom relative to the composite
outcome of cardiovascular death or hospital stay due to worsening HF, using Cox
proportional hazard regression models. Cardiovascular death or hospital stay due
to worsening HF rather than the pre-specified primary outcome of CORONA was
used in the present analysis as it better reflects disease-specific morbidity and
mortality related to HF (and the primary endpoint of CORONA was recommended
by regulatory authorities to reflect the treatment intervention used [e.g. a
statin]). (234, 235)

As mentioned earlier, the adjusted analyses used a previously published CORONA
risk-model for total mortality. (228) The prognostically significant variables in

that model were: age, sex, NYHA class, LVEF, body mass index (BMI), systolic
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blood pressure, heart rate, smoking, MI, CABG or PCl, aortic aneurysm,
hypertension, diabetes, baseline atrial fibrillation/flutter (AF), stroke,
intermittent claudication, pacemaker and ICD implantations, apoA-1, apoB,
creatinine, alanine aminotransferase, creatine kinase, thyroid stimulating
hormone, high-sensitivity C-reactive protein, and log NT-proBNP (228); with
symptom level at baseline included. The model was run twice, once for
dyspnoea and another time for fatigue to avoid collinearity issues between the

two symptoms.

Kaplan-Meier cumulative event curves are presented by symptom category and
compared with log-rank tests. Similar analyses were carried out that examined
the relationship between change in symptoms (baseline to 6 months) and

subsequent clinical outcomes (from 6 months to the end of the study).

A more detailed description of each component of the analyses will be given in

relevant chapters.

4.2.3 Multinomial logistic regression

As stated in the aims and objectives, | am interested in identifying which
baseline characteristics independently predict change in symptom severity over
6 months. To achieve this, | will use multinomial logistic regression, which is an
extension of logistic regression used when the dependent variable consists of
several categories that are not ordinal, it is concerned with modelling the
probabilities of different possible outcomes of a categorically distributed
dependent variable. With this type of analysis, the log odds of the outcomes are

modelled as a linear combination of the predictor variables. (236, 237)

4.2.4 Multiple imputation

Multiple imputation is a tool used to deal with missing data. Missing data refers
to observations and measurements that should have been recorded but for some
reason were not. This missing data may derive from an array of reasons, like
dropouts, refusal to answer certain questions, error while measuring or

collecting data, among others.

Rubin described the missing data mechanism in 1976 when he and his colleagues

defined the classification system that is still in use today. These mechanisms
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detailed below describe the relationship between measured variables and the
probability of missing data (238-240):

* Missing completely at random (MCAR), where the probability that data are
missing does not depend observed or unobserved data. That is, the
probability of being missing is the same for all cases. The missing data
values can be considered a simple random sample from the original data
set. An example would be if a laboratory sample was accidentally

dropped. This is a strong assumption that is often unrealistic.

* Missing at random (MAR), where the probability that data are missing
depends on the values of the observed data, but does not depend on the
values of the missing data. Under this assumption, the missing data values
do not contain any additional information about the mechanism of missing
data. For example, blood pressure would be missing at random if older
individuals are more likely to have blood pressure recorded- and age is
observed. This mechanism of missing data is more general and realistic
and methods that deal with missing data usually start from this

assumption.

* Missing not at random (MNAR), where the probability that the data are
missing may also depend on the values of the unobserved data. For
example, people with high blood pressure are more like to have their
blood pressure recorded than other individuals of the same age. This is

the most common situation.

The best practice would be to avoid missing data, but this is rarely possible.
Commonly in medical literature analyses are run on complete case scenarios
only, this however will lead to the loss of information in the incomplete cases.
This approach will ignore any possible difference between the complete cases
and the incomplete cases leading to a substantial reduction of effective sample
size, which in turn will lead to a potential misinterpretation of the results form
multivariate analyses. Additionally, complete case analyses makes the
assumption that data are missing completely at random, which is often not the
case. (238, 240)
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Another approach to dealing with missing data is to consider some sort of
imputation, or the practice of “filling in” missing data with plausible values like
a mean or a regression coefficient. However, this should be done with caution; if
one imputes an observed variable mean for the variable’s missing values, this
would preserve the sample mean but would distort the covariance matrix. On
the other hand, imputing predicted values from regression models tends to
inflate observed correlations. More importantly, treating imputed data as if it
were “real” in estimation and inference can lead to misleading test results and p

values, since they fail to reflect the uncertainty due to the missing data.

Multiple imputation replaces the missing value with two or more plausible values
by generating M>1 copies of the data set where the missing data simulated
according to a fixed imputation model. Each of the simulated complete data sets
in then analysed using a chosen method (commonly regression) and the results
are then combined. (241)

To put it in other words, let’s assume that we have only two variables in a data
set: x; which is observed only in some units, and x; which is observed for each
unit. Multiple imputation will use the data from units where both x; and x; are
observed to learn about the relationship between the two variables. Then, it will
use this relationship to create M complete data sets by drawing the missing
observations from (x;|xz). Finally, the results are pooled to run the chosen

analyses.

Multiple imputation will be valid under the assumption that data is MAR or
MCAR. (240)

The method | chose to impute the data with was using chained equations, which
uses a sequence of univariate imputation methods with fully conditional
specifications; that is, it includes all variables in the prediction except the one
that is being imputed. In other words, it uses the already imputed data to
predict the missing values, adding a small perturbation to each prediction to
consider uncertainty surrounding said missing values, and then reruns the
analyses using those same imputed data to predict other missing values. (242-
244) For this thesis, | created 10 data sets using linear regression if the missing

value was from a continuous variable or logistic regression if the missing value
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Kaplan Meier curves for clinical outcomes according to change in dyspnoea severity

: entire spectrum of LVEF
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Adjusted HR for change in symptom severity and outcomes: entire spectrum of LVEF

CV Death/HF hospitalisation P Cardiovascular death P HF hospitalisation P All-cause death P
HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI)
Change in fatigue
Decrease | 0.73 (0.62, 0.87) <0.001 | 0.72(0.57,0.91) 0.006 0.71 (0.58, 0.88) 0.010 0.77 (0.63, 0.94) 0.009
Increase 1.60 (1.32, 1.94) <0.001 1.42 (1.11, 1.83) 0.005 1.87(1.49, 2.36) <0.001 1.43 (1.15, 1.78) 0.001
Change in dyspnoea

Decrease | 0.71 (0.60, 0.83) <0.001 | 0.66 (0.52,0.83) <0.001 | 0.70 (0.57,0.86) 0.001 0.75 (0.62, 0.90) 0.003
Increase 1.85(1.51,2.26) <0.001 1.41 (1.08, 1.86) 0.011 2.36 (1.86,2.99) <0.001 1.25(0.98, 1.59) 0.074

Adjusted for: age, sex, NYHA class, LVEF, body mass index, systolic blood pressure, heart rate, smoking, myocardial infarction, CABG or PCI, aortic

aneurysm, hypertension, diabetes, baseline atrial fibrillation/flutter, stroke, intermittent claudication, pacemaker and cardioverter-defibrillator implantations,

211

ApoA-1, ApoB, creatinine, alanine aminotransferase, creatine kinase, thyroid stimulating hormone, high-sensitivity C-reactive protein, and log NT-proBNP and
baseline symptom severity.
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Adjusted HR for change in symptom severity and outcomes: -including randomised treatment: entire spectrum of LVEF

CV Death/HF hospitalisation P Cardiovascular death P HF hospitalisation P All-cause death P

HR (95%CT)

HR (95%CT)

HR (95%CT)

HR (95%CT)

Change in fatigue

Decrease | 0.73 (0.61, 0.86) <0.001 | 0.72(0.57,0.91) 0.006 0.71 (0.57, 0.87) 0.001 0.77 (0.63, 0.94) 0.010
Increase 1.62 (1.34,1.97) <0.001 | 1.42(1.11,1.83) 0.005 1.90 (1.52, 2.40) <0.001 | 1.44(1.16, 1.78) 0.001
Change in dyspnoea
Decrease | 0.71 (0.60, 0.83) <0.001 | 0.66 (0.52, 0.83) <0.001 | 0.70 (0.57, 0.86) 0.001 0.75 (0.62, 0.90) 0.003
Increase 1.86 (1.51,2.28) <0.001 | 1.42(1.08, 1.86) 0.011 2.38(1.88,3.01) <0.001 | 1.24(0.98, 1.59) 0.073

Adjusted for: age, sex, NYHA class, LVEF, body mass index, systolic blood pressure, heart rate, smoking, myocardial infarction, CABG or PCI, aortic

aneurysm, hypertension, diabetes, baseline atrial fibrillation/flutter, stroke, intermittent claudication, pacemaker and cardioverter-defibrillator implantations,
ApoA-1, ApoB, creatinine, alanine aminotransferase, creatine kinase, thyroid stimulating hormone, high-sensitivity C-reactive protein, and log NT-proBNP,
baseline symptom severity and randomised treatment



214
List of References

1. Kjekshus J, Dunselman P, Blideskog M, Eskilson C, Hjalmarson A, McMurray
JV, et al. A statin in the treatment of heart failure? Controlled rosuvastatin
multinational study in heart failure (CORONA): study design and baseline
characteristics. Eur J Heart Fail. 2005;7(6):1059-69. Epub 2005/10/18.

2. Kjekshus J, Apetrei E, Barrios V, Bohm M, Cleland JGF, Cornel JH, et al.
Rosuvastatin in Older Patients with Systolic Heart Failure. New England Journal
of Medicine. 2007;357(22):2248-61.

3. McMurray JJV, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, et
al. Angiotensin-Neprilysin Inhibition versus Enalapril in Heart Failure. New
England Journal of Medicine. 2014;371(11):993-1004.

4, Hunt SA, Abraham WT, Chin MH, Feldman AM, Francis GS, Ganiats TG, et
al. ACC/AHA 2005 Guideline Update for the Diagnosis and Management of
Chronic Heart Failure in the Adult—Summary ArticleA Report of the American
College of Cardiology/American Heart Association Task Force on Practice
Guidelines (Writing Committee to Update the 2001 Guidelines for the Evaluation
and Management of Heart Failure). J Am Coll Cardiol. 2005;46(6):1116-43.

5. McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bohm M, Dickstein K,
et al. ESC Guidelines for the diagnosis and treatment of acute and chronic heart
failure 2012: The Task Force for the Diagnosis and Treatment of Acute and
Chronic Heart Failure 2012 of the European Society of Cardiology. Developed in
collaboration with the Heart Failure Association (HFA) of the ESC. Eur Heart J.
2012;33(14):1787-847. Epub 2012/05/23.

6. Dickstein K, Cohen-Solal A, Filippatos G, McMurray JJV, Ponikowski P,
Poole-Wilson PA, et al. ESC Guidelines for the diagnosis and treatment of acute
and chronic heart failure 2008 The Task Force for the Diagnosis and Treatment
of Acute and Chronic Heart Failure 2008 of the European Society of Cardiology.
Developed in collaboration with the Heart Failure Association of the ESC (HFA)
and endorsed by the European Society of Intensive Care Medicine (ESICM). Eur J
Heart Fail. 2008;10(10):933-89.



215

7. Carlson KJ, Lee DC, Goroll AH, Leahy M, Johnson RA. An analysis of
physicians' reasons for prescribing long-term digitalis therapy in outpatients.
Journal of chronic diseases. 1985;38(9):733-9. Epub 1985/01/01.

8. Eriksson H, Caidahl K, Larsson B, Ohlson LO, Welin L, Wilhelmsen L, et al.
Cardiac and pulmonary causes of dyspnoea--validation of a scoring test for
clinical-epidemiological use: the Study of Men Born in 1913. Eur Heart J.
1987;8(9):1007-14. Epub 1987/09/01.

9. McKee PA, Castelli WP, McNamara PM, Kannel WB. The natural history of
congestive heart failure: the Framingham study. The New England journal of
medicine. 1971;285(26):1441-6. Epub 1971/12/23.

10. Swedberg K, Cleland J, Dargie H, Drexler H, Follath F, Komajda M, et al.
Guidelines for the diagnosis and treatment of chronic heart failure: executive
summary (update 2005): The Task Force for the Diagnosis and Treatment of
Chronic Heart Failure of the European Society of Cardiology. Eur Heart J.
2005;26(11):1115-40. Epub 2005/05/20.

11.  Cleland JG, Swedberg K, Follath F, Komajda M, Cohen-Solal A, Aguilar JC,
et al. The EuroHeart Failure survey programme-- a survey on the quality of care
among patients with heart failure in Europe. Part 1: patient characteristics and
diagnosis. Eur Heart J. 2003;24(5):442-63. Epub 2003/03/14.

12.  Marantz PR, Tobin JN, Wassertheil-Smoller S, Steingart RM, Wexler JP,
Budner N, et al. The relationship between left ventricular systolic function and
congestive heart failure diagnosed by clinical criteria. Circulation.
1988;77(3):607-12. Epub 1988/03/01.

13.  Miller-Davis C, Marden S, Leidy NK. The New York Heart Association
Classes and functional status: What are we really measuring? Heart & Lung: The
Journal of Acute and Critical Care. 2006;35(4):217-24.

14.  Marvin HM. Diseases of the heart and blood vessels: Nomenclature and
criteria for diagnosis. Arch Intern Med. 1964;113(6):906-7.



216

15. Green CP, Porter CB, Bresnahan DR, Spertus JA. Development and
evaluation of the Kansas City Cardiomyopathy Questionnaire: a new health
status measure for heart failure. J Am Coll Cardiol. 2000;35(5):1245-55. Epub
2000/04/12.

16. al-Kaade S, Hauptman PJ. Health-related quality of life measurement in
heart failure: challenges for the new millennium. Journal of cardiac failure.
2001;7(2):194-201. Epub 2001/06/23.

17.  Faller H, Stork S, Schuler M, Schowalter M, Steinbuichel T, Ertl G, et al.
Depression and Disease Severity as Predictors of Health-Related Quality of Life in
Patients With Chronic Heart Failure—A Structural Equation Modeling Approach.
Journal of cardiac failure. 2009;15(4):286-92.e2.

18.  Badar AA, Perez-Moreno AC, Jhund PS, Wong CM, Hawkins NM, Cleland JG,
et al. Relationship between angina pectoris and outcomes in patients with heart
failure and reduced ejection fraction: an analysis of the Controlled Rosuvastatin
Multinational Trial in Heart Failure (CORONA). Eur Heart J. 2014. Epub
2014/10/01.

19. Goldman L, Hashimoto B, Cook EF, Loscalzo A. Comparative
reproducibility and validity of systems for assessing cardiovascular functional
class: advantages of a new specific activity scale. Circulation. 1981;64(6):1227-
34. Epub 1981/12/01.

20. Raphael C, Briscoe C, Davies J, Whinnett ZI, Manisty C, Sutton R, et al.
Limitations of the New York Heart Association functional classification system

and self - reported walking distances in chronic heart failure. Heart.

2007;93(4):476-82.

21.  Russell SD, Saval MA, Robbins JL, Ellestad MH, Gottlieb SS, Handberg EM,
et al. New York Heart Association functional class predicts exercise parameters

in the current era. American heart journal. 2009;158(4 Suppl):S24-S30.

22. Taichman DB, McGoon MD, Harhay MO, Archer-Chicko C, Sager JS,

Murugappan M, et al. Wide Variation in Clinicians' Assessment of New York Heart



217

Association/World Health Organization Functional Class in Patients With

Pulmonary Arterial Hypertension. Mayo Clinic Proceedings. 2009;84(7):586-92.

23.  Fleiss JL, Cohen J. The Equivalence of Weighted Kappa and the Intraclass
Correlation Coefficient as Measures of Reliability. Educational and Psychological
Measurement. 1973;33(3):613-9.

24.  Kubo SH, Schulman S, Starling RC, Jessup M, Wentworth D, Burkhoff D.
Development and validation of a patient questionnaire to determine New York
Heart Association classification. Journal of cardiac failure. 2004;10(3):228-35.
Epub 2004/06/11.

25. Francis G, Pierpont G. Pathophysiology of congestive heart failure
secondary to congestive and ischemic cardiomyopathy. Cardiovascular clinics.
1987;19(1):57-74.

26. Thibodeau JT, Turer AT, Gualano SK, Ayers CR, Velez-Martinez M, Mishkin
JD, et al. Characterization of a Novel Symptom of Advanced Heart Failure:
Bendopnea. JACC: Heart Failure. 2014;2(1):24-31.

27.  Drazner MH, Hellkamp AS, Leier CV, Shah MR, Miller LW, Russell SD, et al.
Value of Clinician Assessment of Hemodynamics in Advanced Heart Failure The
ESCAPE Trial. Circulation: Heart Failure. 2008;1(3):170-7.

28. Nohria A, Tsang SW, Fang JC, Lewis EF, Jarcho JA, Mudge GH, et al.
Clinical assessment identifies hemodynamic profiles that predict outcomes in
patients admitted with heart failure. J Am Coll Cardiol. 2003;41(10):1797-804.
Epub 2003/05/28.

29. Solomonica A, Burger AJ, Aronson D. Hemodynamic determinants of
dyspnea improvement in acute decompensated heart failure. Circulation: Heart
Failure. 2013;6(1):53-60.

30. Effect of Enalapril on Survival in Patients with Reduced Left Ventricular
Ejection Fractions and Congestive Heart Failure. New England Journal of
Medicine. 1991;325(5):293-302.



218

31.  Effect of metoprolol CR/XL in chronic heart failure: Metoprolol CR/XL
Randomised Intervention Trial in-Congestive Heart Failure (MERIT-HF). The
Lancet. 1999;353(9169):2001-7.

32. Flather MD, Shibata MC, Coats AJ, Van Veldhuisen DJ, Parkhomenko A,
Borbola J, et al. Randomized trial to determine the effect of nebivolol on
mortality and cardiovascular hospital admission in elderly patients with heart
failure (SENIORS). Eur Heart J. 2005;26(3):215-25. Epub 2005/01/12.

33. McMurray JJ, Ostergren J, Swedberg K, Granger CB, Held P, Michelson EL,
et al. Effects of candesartan in patients with chronic heart failure and reduced
left-ventricular  systolic function taking angiotensin-converting-enzyme
inhibitors: the CHARM-Added trial. Lancet. 2003;362(9386):767-71. Epub
2003/09/19.

34. Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, et al. The
Effect of Spironolactone on Morbidity and Mortality in Patients with Severe Heart
Failure. New England Journal of Medicine. 1999;341(10):709-17.

35. Poole-Wilson PA, Swedberg K, Cleland JG, Di Lenarda A, Hanrath P,
Komajda M, et al. Comparison of carvedilol and metoprolol on clinical outcomes
in patients with chronic heart failure in the Carvedilol Or Metoprolol European
Trial (COMET): randomised controlled trial. Lancet. 2003;362(9377):7-13. Epub
2003/07/11.

36. Young JB, Dunlap ME, Pfeffer MA, Probstfield JL, Cohen-Solal A, Dietz R,
et al. Mortality and Morbidity Reduction With Candesartan in Patients With
Chronic Heart Failure and Left Ventricular Systolic Dysfunction: Results of the
CHARM  Low-Left Ventricular Ejection Fraction Trials. Circulation.
2004;110(17):2618-26.

37. Zannad F, McMurray JJV, Krum H, van Veldhuisen DJ, Swedberg K, Shi H,
et al. Eplerenone in Patients with Systolic Heart Failure and Mild Symptoms. New
England Journal of Medicine. 2011;364(1):11-21.



219

38. Zaman S, Narayan A, Thiagalingam A, Sivagangabalan G, Thomas S, Ross
DL, et al. What is the optimal left ventricular ejection fraction cut-off for risk
stratification for primary prevention of sudden cardiac death early after
myocardial infarction? Europace : European pacing, arrhythmias, and cardiac
electrophysiology : journal of the working groups on cardiac pacing, arrhythmias,
and cardiac cellular electrophysiology of the European Society of Cardiology.
2014;16(9):1315-21. Epub 2014/03/07.

39. Kelly MJ, Thompson PL, Quinlan MF. Prognostic significance of left
ventricular ejection fraction after acute myocardial infarction. A bedside
radionuclide study. British heart journal. 1985;53(1):16-24.

40. Pilote L, Silberberg J, Lisbona R, Sniderman A. Prognosis in patients with
low left ventricular ejection fraction after myocardial infarction. Importance of
exercise capacity. Circulation. 1989;80(6):1636-41. Epub 1989/12/01.

41. Vasan RS, Levy D. Defining diastolic heart failure: a call for standardized
diagnostic criteria. Circulation. 2000;101(17):2118-21. Epub 2000/05/03.

42. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, et
al. Recommendations for chamber quantification: a report from the American
Society of Echocardiography's Guidelines and Standards Committee and the
Chamber Quantification Writing Group, developed in conjunction with the
European Association of Echocardiography, a branch of the European Society of
Cardiology. Journal of the American Society of Echocardiography : official
publication of the American Society of Echocardiography. 2005;18(12):1440-63.
Epub 2005/12/27.

43.  Yturralde RF, Gaasch WH. Diagnostic criteria for diastolic heart failure.
Progress in cardiovascular diseases. 2005;47(5):314-9. Epub 2005/07/09.

44,  Gheorghiade M, Zannad F, Sopko G, Klein L, Pina IL, Konstam MA, et al.
Acute heart failure syndromes: current state and framework for future research.
Circulation. 2005;112(25):3958-68. Epub 2005/12/21.



220

45. Roger VL. Epidemiology of heart failure. Circulation research.
2013;113(6):646-59. Epub 2013/08/31.

46. Nohria A, Lewis E, Stevenson LW. Medical management of advanced heart
failure. JAMA : the journal of the American Medical Association.
2002;287(5):628-40. Epub 2002/02/07.

47. Ekman I, Cleland JGF, Andersson B, Swedberg K. Exploring symptoms in
chronic heart failure. Eur J Heart Fail. 2005;7(5):699-703.

48. National Clinical Guideline C. National Institute for Health and Clinical
Excellence: Guidance. Chronic Heart Failure: National Clinical Guideline for
Diagnosis and Management in Primary and Secondary Care: Partial Update.

London: Royal College of Physicians (UK)

National Clinical Guideline Centre.; 2010.

49. Mosterd A, Hoes AW. Clinical epidemiology of heart failure. Heart.
2007;93(9):1137-46.

50. Redfield MM, Jacobsen SJ, Burnett JC, Jr., Mahoney DW, Bailey KR,
Rodeheffer RJ. Burden of systolic and diastolic ventricular dysfunction in the
community: appreciating the scope of the heart failure epidemic. JAMA : the
journal of the American Medical Association. 2003;289(2):194-202. Epub
2003/01/09.

51.  Bleumink GS, Knetsch AM, Sturkenboom MC, Straus SM, Hofman A, Deckers
JW, et al. Quantifying the heart failure epidemic: prevalence, incidence rate,
lifetime risk and prognosis of heart failure The Rotterdam Study. Eur Heart J.
2004;25(18):1614-9. Epub 2004/09/08.

52. Cowie MR, Wood DA, Coats AJS, Thompson SG, Poole-Wilson PA, Suresh V,
et al. Incidence and aetiology of heart failure; a population-based study1999
1999-03-01 00:00:00. 421-8 p.



221

53.  Ambrosy AP, Fonarow GC, Butler J, Chioncel O, Greene SJ, Vaduganathan
M, et al. The Global Health and Economic Burden of Hospitalizations for Heart
FailureLessons Learned From Hospitalized Heart Failure Registries. J Am Coll
Cardiol. 2014;63(12):1123-33.

54. Lee DS, Mamdani MM, Austin PC, Gong Y, Liu PP, Rouleau JL, et al. Trends
in heart failure outcomes and pharmacotherapy: 1992 to 2000. Am J Med.
2004;116(9):581-9. Epub 2004/04/20.

55. Redfield MM. Heart failure--an epidemic of uncertain proportions. The
New England journal of medicine. 2002;347(18):1442-4. Epub 2002/11/01.

56. McMurray JJ, Stewart S. Epidemiology, aetiology, and prognosis of heart
failure. Heart. 2000;83(5):596-602. Epub 2000/04/18.

57.  Rosamond WD, Chambless LE, Folsom AR, Cooper LS, Conwill DE, Clegg L,
et al. Trends in the incidence of myocardial infarction and in mortality due to
coronary heart disease, 1987 to 1994. The New England journal of medicine.
1998;339(13):861-7. Epub 1998/09/24.

58. Herrett E, Smeeth L, Walker L, Weston C. The Myocardial Ischaemia
National Audit Project (MINAP). Heart. 2010;96(16):1264-7. Epub 2010/07/28.

59. Mehta PA, Dubrey SW, Mcintyre HF, Walker DM, Hardman SM, Sutton GC,
et al. Improving survival in the 6 months after diagnosis of heart failure in the
past decade: population-based data from the UK. Heart. 2009;95(22):1851-6.
Epub 2009/07/10.

60. Cowie MR. Annotated references in epidemiology. Eur J Heart Fail.
1999;1(1):101-7. Epub 2000/08/11.

61. Ho KKL, Pinsky JL, Kannel WB, Levy D, Pitt B. The epidemiology of heart
failure: The Framingham Study. J Am Coll Cardiol. 1993;22(4s1):A6-A13.

62. O'Connell JB, Bristow MR. Economic impact of heart failure in the United

States: time for a different approach. The Journal of heart and lung



222

transplantation : the official publication of the International Society for Heart
Transplantation. 1994;13(4):5107-12. Epub 1994/07/01.

63. Petersen S, Rayner M, Wolstenholme J. Coronary heart disease statistics:

heart failure supplement 2002 edition. University of Oxford. 2002.

64. Stewart S, Jenkins A, Buchan S, McGuire A, Capewell S, McMurray JJ. The
current cost of heart failure to the National Health Service in the UK. Eur J
Heart Fail. 2002;4(3):361-71. Epub 2002/05/30.

65. Heidenreich PA, Trogdon JG, Khavjou OA, Butler J, Dracup K, Ezekowitz
MD, et al. Forecasting the future of cardiovascular disease in the United States:
a policy statement from the American Heart Association. Circulation.
2011;123(8):933-44. Epub 2011/01/26.

66. Cleland JG, Gemmell I, Khand A, Boddy A. Is the prognosis of heart failure
improving? Eur J Heart Fail. 1999;1(3):229-41. Epub 2000/08/10.

67. Stewart S, Macintyre K, MacLeod MM, Bailey AE, Capewell S, McMurray JJ.
Trends in hospitalization for heart failure in Scotland, 1990-1996. An epidemic
that has reached its peak? Eur Heart J. 2001;22(3):209-17. Epub 2001/02/13.

68. The survival of patients with heart failure with preserved or reduced left
ventricular ejection fraction: an individual patient data meta-analysis. Eur Heart
J. 2012;33(14):1750-7. Epub 2011/08/09.

69. Hogg K, Swedberg K, McMurray J. Heart failure with preserved left
ventricular systolic function; epidemiology, clinical characteristics, and
prognosis. J Am Coll Cardiol. 2004;43(3):317-27. Epub 2004/03/12.

70.  Lam CS, Donal E, Kraigher-Krainer E, Vasan RS. Epidemiology and clinical
course of heart failure with preserved ejection fraction. Eur J Heart Fail.
2011;13(1):18-28. Epub 2010/08/06.

71.  Albert N, Trochelman K, Li J, Lin S. Signs and symptoms of heart failure:
are you asking the right questions? Am J Crit Care. 2010;19(5):443-52.



223

72.  Carlson B, Riegel B, Moser DK. Self-care abilities of patients with heart
failure. Heart &amp; Lung: The Journal of Acute and Critical Care.
2001;30(5):351-9.

73.  Evangelista LS, Moser DK, Westlake C, Pike N, Ter-Galstanyan A, Dracup
K. Correlates of fatigue in patients with heart failure. Prog Cardiovasc Nurs.
2008;23(1):12-7.

74. Horowitz CR, Rein SB, Leventhal H. A story of maladies, misconceptions
and mishaps: effective management of heart failure. Social Science & Medicine.
2004;58(3):631-43.

75.  Fini A, de Almeida Lopes Monteiro da Cruz D. Characteristics of fatigue in
heart failure patients: a literature review. Rev Lat Am Enfermagem.
2009;17(4):557-65.

76.  Witte KK, Clark AL. Why does chronic heart failure cause breathlessness
and fatigue? Progress in cardiovascular diseases. 2007;49(5):366-84. Epub
2007/03/03.

77. Witte KK, Clark AL. Dyspnoea versus fatigue: additional prognostic
information from symptoms in chronic heart failure? Eur J Heart Fail.
2008;10(12):1224-8. Epub 2008/11/11.

78.  McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bohm M, Dickstein K,
et al. ESC Guidelines for the diagnosis and treatment of acute and chronic heart
failure 2012: The Task Force for the Diagnosis and Treatment of Acute and
Chronic Heart Failure 2012 of the European Society of Cardiology. Developed in
collaboration with the Heart Failure Association (HFA) of the ESC. Eur Heart J.
2012;33(14):1787-847. Epub 2012/05/23.

79. Buonocore M, Opasich C, Casale R. Early development of EMG localized
muscle fatigue in hand muscles of patients with chronic heart failure. Archives
of physical medicine and rehabilitation. 1998;79(1):41-5. Epub 1998/01/24.



224

80. Clark AL, Sparrow JL, Coats AJ. Muscle fatigue and dyspnoea in chronic
heart failure: two sides of the same coin? Eur Heart J. 1995;16(1):49-52. Epub
1995/01/01.

81.  Harrington D, Anker SD, Coats AJ. Preservation of exercise capacity and
lack of peripheral changes in asymptomatic patients with severely impaired left
ventricular function. Eur Heart J. 2001;22(5):392-9. Epub 2001/02/24.

82. Lunde PK, Verburg E, Vollestad NK, Sejersted OM. Skeletal muscle fatigue
in normal subjects and heart failure patients. Is there a common mechanism?
Acta physiologica Scandinavica. 1998;162(3):215-28. Epub 1998/05/13.

83.  Wilson JR, Mancini DM, Dunkman WB. Exertional fatigue due to skeletal
muscle dysfunction in patients with heart failure. Circulation. 1993;87(2):470-5.
Epub 1993/02/01.

84. Coats AJ. Heart failure: What causes the symptoms of heart failure?
Heart. 2001;86(5):574-8.

85. Perez-Moreno AC, Jhund PS, Macdonald MR, Petrie MC, Cleland JGF, Bohm
M, et al. Fatigue as a Predictor of Outcome in Patients With Heart Failure:
Analysis of CORONA (Controlled Rosuvastatin Multinational Trial in Heart
Failure). JACC: Heart Failure. 2014;2(2):187-97.

86. Ekman I, Cleland JGF, Swedberg K, Charlesworth A, Metra M, Poole-Wilson
PA. Symptoms in patients with heart failure are prognostic predictors: insights
from COMET.[Erratum appears in J Card Fail. 2005 Jun;11(5):404]. Journal of
cardiac failure. 2005;11(4):288-92.

87. Hagglund L, Boman K, Lundman B. The experience of fatigue among
elderly women with chronic heart failure. European Journal of Cardiovascular
Nursing. 2008;7(4):290-5.

88. Jones J, McDermott CM, Nowels CT, Matlock DD, Bekelman DB. The
experience of fatigue as a distressing symptom of heart failure. Heart & lung :
the journal of critical care. 2012;41(5):484-91. Epub 2012/06/02.



225

89. Walke Lm GWTTMEFTR. THe burden of symptoms among community-
dwelling older persons with advanced chronic disease. Arch Intern Med.
2004;164(21):2321-4.

90. Drexler H, Coats AJ. Explaining fatigue in congestive heart failure. Annu
Rev Med. 1996;47:241-56.

91. Stephen SA. Fatigue in older adults with stable heart failure. Heart &
Lung. 2008;37(2):122-31.

92. Austin J, Williams WR, Hutchison S. Patterns of fatigue in elderly heart
failure patients measured by a quality of life scale (Minnesota living with heart
failure). European journal of cardiovascular nursing : journal of the Working
Group on Cardiovascular Nursing of the European Society of Cardiology. 2011.
Epub 2011/05/10.

93. Chen L-H, Li C-Y, Shieh S-M, Yin W-H, Chiou A-F. Predictors of fatigue in
patients with heart failure. J Clin Nurs. 2010;19(11-12):1588-96.

94. Ekman I, Ehrenberg A. Fatigue in chronic heart failure--does gender make

a difference? European Journal of Cardiovascular Nursing. 2002;1(1):77-82.

95. Falk K, Patel H, Swedberg K, Ekman |. Fatigue in patients with chronic
heart failure - a burden associated with emotional and symptom distress.

European Journal of Cardiovascular Nursing. 2009;8(2):91-6.

96. Falk K, Swedberg K, Gaston-Johansson F, Ekman |. Fatigue and anaemia in
patients with chronic heart failure. Eur J Heart Fail. 2006;8(7):744-9.

97. Fink AM, Sullivan SL, Zerwic JJ, Piano MR. Fatigue with systolic heart
failure. J Cardiovasc Nurs. 2009;24(5):410-7.

98. Riegel B, Ratcliffe SJ, Sayers SL, Potashnik S, Buck HG, Jurkovitz C, et al.
Determinants of Excessive Daytime Sleepiness and Fatigue in Adults With Heart
Failure. Clinical nursing research. 2011. Epub 2011/09/01.



226

99. Smith ORF, Gidron Y, Kupper N, Winter JB, Denollet J. Vital exhaustion in
chronic heart failure: symptom profiles and clinical outcome. J Psychosom Res.
2009;66(3):195-201.

100. Smith ORF, Kupper N, de Jonge P, Denollet J. Distinct trajectories of
fatigue in chronic heart failure and their association with prognosis. Eur J Heart
Fail. 2010;12(8):841-8.

101. Tang W-R, Yu C-Y, Yeh S-J. Fatigue and its related factors in patients with
chronic heart failure. Journal of Clinical Nursing. 2010;19(1-2):69-78.

102. Tiesinga LJ, Dassen TWN, Halfens RJG, van Den Heuvel WJA. Sensitivity,
Specificity, and Usefulness of the Dutch Fatigue Scale. International Journal of

Nursing Terminologies and Classifications. 2001;12(3):93-106.

103. Mann DL, Bristow MR. Mechanisms and models in heart failure: the
biomechanical model and beyond. Circulation. 2005;111(21):2837-49. Epub
2005/06/02.

104. Piepoli MF, Guazzi M, Boriani G, Cicoira M, Corra U, Dalla Libera L, et al.
Exercise intolerance in chronic heart failure: mechanisms and therapies. Part Il.
European journal of cardiovascular prevention and rehabilitation : official
journal of the European Society of Cardiology, Working Groups on Epidemiology
& Prevention and Cardiac Rehabilitation and Exercise Physiology.
2010;17(6):643-8. Epub 2011/01/11.

105. Piepoli MF, Guazzi M, Boriani G, Cicoira M, Corra U, Dalla Libera L, et al.
Exercise intolerance in chronic heart failure: mechanisms and therapies. Part I.
European journal of cardiovascular prevention and rehabilitation : official
journal of the European Society of Cardiology, Working Groups on Epidemiology
& Prevention and Cardiac Rehabilitation and Exercise Physiology.
2010;17(6):637-42. Epub 2011/01/29.

106. Witte KK, Clark AL. Why does chronic heart failure cause breathlessness

and fatigue? Progress in cardiovascular diseases. 2007;49(5):366-84.



227

107. Carell ES, Murali S, Schulman DS, Estrada-Quintero T, Uretsky BF. Maximal
exercise tolerance in chronic congestive heart failure. Relationship to resting
left ventricular function. Chest. 1994;106(6):1746-52. Epub 1994/12/01.

108. Clark AL. Origin of symptoms in chronic heart failure. Heart.
2005;92(1):12-6.

109. Pozehl B, Duncan K, Hertzog M. The effects of exercise training on fatigue
and dyspnea in heart failure. European Journal of Cardiovascular Nursing.
2008;7(2):127-32.

110. Brown Jr CC, Fry DL, Ebert RV. The mechanics of pulmonary ventilation in
patients with heart disease. The American Journal of Medicine. 1954;17(4):438-
46.

111. Weber KT, Janicki JS. Cardiopulmonary exercise testing for evaluation of
chronic cardiac failure. Am J Cardiol. 1985;55(2):22A-31A. Epub 1985/01/11.

112. Weber KT, Wilson JR, Janicki JS, Likoff MJ. Exercise Testing in the
Evaluation of the Patient with Chronic Cardiac Failure 1-3. American Review of
Respiratory Disease. 1984;129(2P2):560-5S2.

113. Coats AJ, Clark AL, Piepoli M, Volterrani M, Poole-Wilson PA. Symptoms
and quality of life in heart failure: the muscle hypothesis. British heart journal.
1994;72(2 Suppl):536-9. Epub 1994/08/01.

114. Wilson JR, Martin JL, Schwartz D, Ferraro N. Exercise intolerance in
patients with chronic heart failure: role of impaired nutritive flow to skeletal
muscle. Circulation. 1984;69(6):1079-87. Epub 1984/06/01.

115. Drexler H, Riede U, Munzel T, Konig H, Funke E, Just H. Alterations of
skeletal muscle in chronic heart failure. Circulation. 1992;85(5):1751-9. Epub
1992/05/01.



228

116. Tzanis G, Dimopoulos S, Agapitou V, Nanas S. Exercise intolerance in
chronic heart failure: the role of cortisol and the catabolic state. Current heart
failure reports. 2014;11(1):70-9. Epub 2013/12/03.

117. Rehn TA, Munkvik M, Lunde PK, Sjaastad I, Sejersted OM. Intrinsic skeletal
muscle alterations in chronic heart failure patients: a disease-specific myopathy
or a result of deconditioning? Heart Fail Rev. 2012;17(3):421-36. Epub
2011/10/15.

118. Middlekauff HR. Making the case for skeletal myopathy as the major
limitation of exercise capacity in heart failure. Circulation Heart failure.
2010;3(4):537-46. Epub 2010/07/22.

119. Clark AL, Poole-Wilson PA, Coats AJ. Exercise limitation in chronic heart
failure: central role of the periphery. J Am Coll Cardiol. 1996;28(5):1092-102.
Epub 1996/11/01.

120. Katz AM, Katz PB. DISEASE OF THE HEART IN THE WORKS OF
HIPPOCRATES. British heart journal. 1962;24(3):257-64.

121. Zelis R, Flaim SF. Alterations in vasomotor tone in congestive heart
failure. Progress in cardiovascular diseases. 1982;24(6):437-59. Epub
1982/05/01.

122. Lee KS, Song EK, Lennie TA, Frazier SK, Chung ML, Heo S, et al. Symptom
clusters in men and women with heart failure and their impact on cardiac event-
free survival. J Cardiovasc Nurs. 2010;25(4):263-72. Epub 2010/06/12.

123. Song EK, Moser DK, Rayens MK, Lennie TA. Symptom clusters predict
event-free survival in patients with heart failure. The Journal of cardiovascular
nursing. 2010;25(4):284-91.

124. Heo S, Doering LV, Widener J, Moser DK. Predictors and effect of physical
symptom status on health-related quality of life in patients with heart failure.
Am J Crit Care. 2008;17(2):124-32. Epub 2008/03/04.



229

125. Fink AM, Gonzalez RC, Lisowski T, Pini M, Fantuzzi G, Levy WC, et al.
Fatigue, Inflammation, and Projected Mortality in Heart Failure. Journal of
cardiac failure. 2012;18(9):711-6.

126. Smith ORF, Denollet J, Schiffer AA, Kupper N, Gidron Y. Patient-rated
changes in fatigue over a 12-month period predict poor outcome in chronic heart
failure. Eur J Heart Fail. 2009;11(4):400-5.

127. Shao Y. Werner Vach: Regression Models as a Tool in Medical Research.
JABES. 2014;19(1):158-60.

128. Friedman MM. Gender differences in the health related quality of life of
older adults with heart failure. Heart & lung : the journal of critical care.
2003;32(5):320-7. Epub 2003/10/07.

129. Friedman MM, Griffin JA. Relationship of physical symptoms and physical
functioning to depression in patients with heart failure. Heart & lung : the
journal of critical care. 2001;30(2):98-104. Epub 2001/03/15.

130. Friedman MM, King KB. Correlates of fatigue in older women with heart
failure. Heart & lung : the journal of critical care. 1995;24(6):512-8. Epub
1995/11/01.

131. Smith ORF, Michielsen HJ, Pelle AJ, Schiffer AA, Winter JB, Denollet J.
Symptoms of fatigue in chronic heart failure patients: Clinical and psychological
predictors. Eur J Heart Fail. 2007;9(9):922-7.

132. Chandrashekhar Y, Anand IS. Relation between major indices of prognosis
in patients with chronic congestive heart failure: studies of maximal exercise
oxygen consumption, neurohormones and ventricular function. Indian heart
journal. 1992;44(4):213-6. Epub 1992/07/01.

133. Clark AL, Swan JW, Laney R, Connelly M, Somerville J, Coats AJ. The role
of right and left ventricular function in the ventilatory response to exercise in
chronic heart failure. Circulation. 1994;89(5):2062-9. Epub 1994/05/01.



230

134. DAVIES SW, FUSSELL AL, JORDAN SL, POOLE-WILSON PA, LIPKIN DP.
Abnormal diastolic filling patterns in chronic heart failure—relationship to
exercise capacity1992 1992-06-01 00:00:00. 749-57 p.

135. Higginbotham MB, Morris KG, Conn EH, Coleman RE, Cobb FR.
Determinants of variable exercise performance among patients with severe left
ventricular dysfunction. Am J Cardiol. 1983;51(1):52-60. Epub 1983/01/01.

136. Witte KK, Nikitin NP, De Silva R, Cleland JG, Clark AL. Exercise capacity
and cardiac function assessed by tissue Doppler imaging in chronic heart failure.
Heart. 2004;90(10):1144-50. Epub 2004/09/16.

137. Guglin M, Patel T, Darbinyan N. Symptoms in heart failure correlate
poorly with objective haemodynamic parameters. International journal of
clinical practice. 2012;66(12):1224-9. Epub 2012/11/21.

138. Lipkin DP, Canepa-Anson R, Stephens MR, Poole-Wilson PA. Factors
determining symptoms in heart failure: comparison of fast and slow exercise
tests. British heart journal. 1986;55(5):439-45.

139. Shah MR, Hasselblad V, Stinnett SS, Kramer JM, Grossman S, Gheorghiade
M, et al. Dissociation between hemodynamic changes and symptom improvement
in patients with advanced congestive heart failure. Eur J Heart Fail.
2002;4(3):297-304.

140. Carrieri-Kohlman V, Lindsey AM, West CM. Pathophysiological phenomena

in nursing: Human responses to illness: Saunders; 2003.

141. Tiesinga LJ, Dassen TW, Halfens RJ. DUFS and DEFS: development,
reliability and validity of the Dutch Fatigue Scale and the Dutch Exertion Fatigue
Scale. International journal of nursing studies. 1998;35(1-2):115-23. Epub
1998/08/08.

142. Tseng BY, Billinger SA, Gajewski BJ, Kluding PM. Exertion fatigue and
chronic fatigue are two distinct constructs in people post-stroke. Stroke; a
journal of cerebral circulation. 2010;41(12):2908-12. Epub 2010/10/16.



231

143. Maurer MS, Cuddihy P, Weisenberg J, Delisle S, Strong BM, Gao Q, et al.
The Prevalence and Impact of Anergia (Lack of Energy) in Subjects With Heart
Failure and its Associations With Actigraphy. Journal of cardiac failure.
2009;15(2):145-51.

144. Chase P, Arena R, Myers J, Abella J, Peberdy MA, Guazzi M, et al.
Prognostic Usefulness of Dyspnea Versus Fatigue as Reason for Exercise Test
Termination in Patients With Heart Failure. The American Journal of Cardiology.
2008;102(7):879-82.

145. Study of the Effectiveness of Additional Reductions in C, Homocysteine
Collaborative G. Intensive lowering of LDL cholesterol with 80 mg versus 20 mg
simvastatin daily in 12 064 survivors of myocardial infarction: a double-blind
randomised trial. Lancet. 2010;376(9753):1658-69.

146. Scott RS, Lintott CJ, Wilson MJ. Simvastatin and side effects. The New
Zealand medical journal. 1991;104(924):493-5. Epub 1991/11/27.

147. Wierzbicki AS, Lumb PJ, Semra Y, Chik G, Christ ER, Crook MA.
Atorvastatin compared with simvastatin-based therapies in the management of
severe familial hyperlipidaemias. QJM : monthly journal of the Association of
Physicians. 1999;92(7):387-94. Epub 2000/01/11.

148. Castro PF, Miranda R, Verdejo HE, Greig D, Gabrielli LA, Alcaino H, et al.
Pleiotropic Effects of Atorvastatin in Heart Failure: Role in Oxidative Stress,
Inflammation, Endothelial Function, and Exercise Capacity. The Journal of Heart
and Lung Transplantation. 2008;27(4):435-41.

149. Traustadottir T, Stock AA, Harman SM. High-dose statin use does not
impair aerobic capacity or skeletal muscle function in older adults. Age
(Dordrecht, Netherlands). 2008;30(4):283-91. Epub 2009/05/09.

150. Coen PM, Flynn MG, Markofski MM, Pence BD, Hannemann RE. Adding
exercise training to rosuvastatin treatment: influence on serum lipids and
biomarkers of muscle and liver damage. Metabolism: clinical and experimental.
2009;58(7):1030-8. Epub 2009/05/05.



232

151. Kashani A, Phillips CO, Foody JM, Wang Y, Mangalmurti S, Ko DT, et al.
Risks associated with statin therapy: a systematic overview of randomized
clinical trials. Circulation. 2006;114(25):2788-97. Epub 2006/12/13.

152. Pfeffer MA, Keech A, Sacks FM, Cobbe SM, Tonkin A, Byington RP, et al.
Safety and tolerability of pravastatin in long-term clinical trials: prospective
Pravastatin Pooling (PPP) Project. Circulation. 2002;105(20):2341-6. Epub
2002/05/22.

153. Golomb BA, Evans MA, Dimsdale JE, White HL. Effects of statins on energy
and fatigue with exertion: Results from a randomized controlled trial. Arch
Intern Med. 2012;172(15):1180-2.

154. Langsjoen PH, Langsjoen AM. The clinical use of HMG CoA-reductase
inhibitors and the associated depletion of coenzyme Q10. A review of animal and
human publications. Biofactors. 2003;18(1-4):101-11. Epub 2003/12/30.

155. Molyneux SL, Florkowski CM, George PM, Pilbrow AP, Frampton CM, Lever
M, et al. Coenzyme Q10An Independent Predictor of Mortality in Chronic Heart
Failure. J Am Coll Cardiol. 2008;52(18):1435-41.

156. Mortensen SA, Rosenfeldt F, Kumar A, Dolliner P, Filipiak KJ, Pella D, et
al. The Effect of Coenzyme Q10 on Morbidity and Mortality in Chronic Heart
FailureResults From Q-SYMBIO: A Randomized Double-Blind Trial. JACC: Heart
Failure. 2014.

157. Ezekowitz JA. Time to Energize Coenzyme Q10 for Patients with Heart
Failure?+. JACC: Heart Failure. 2014.

158. Mortensen SA, Mortensen AL. The mitochondria in heart failure: a target
for coenzyme Q10 therapy? Clinical pharmacology and therapeutics.
2014;96(6):645-7. Epub 2014/11/18.

159. Langsjoen PH, Langsjoen JO, Langsjoen AM, Lucas LA. Treatment of statin
adverse effects with supplemental Coenzyme Q10 and statin drug
discontinuation. Biofactors. 2005;25(1-4):147-52. Epub 2006/07/29.



233

160. Khatta M, Alexander BS, Krichten CM, Fisher ML, Freudenberger R,
Robinson SW, et al. The Effect of Coenzyme Q10 in Patients with Congestive
Heart Failure. Annals of Internal Medicine. 2000;132(8):636-40.

161. Hofman-Bang C, Rehnqvist N, Swedberg K, Wiklund I, Astrom H. Coenzyme
Q10 as an adjunctive in the treatment of chronic congestive heart failure.
Journal of cardiac failure. 1995;1(2):101-7.

162. Smith OR, Kupper N, Schiffer AA, Denollet J. Somatic depression predicts
mortality in chronic heart failure: can this be explained by covarying symptoms
of fatigue? Psychosomatic medicine. 2012;74(5):459-63. Epub 2012/04/19.

163. Smith ORF, Pedersen SS, Van Domburg RT, Denollet J. Symptoms of
fatigue and depression in ischemic heart disease are driven by personality
characteristics rather than disease stage: a comparison of CAD and CHF patients.
European Journal of Cardiovascular Prevention & Rehabilitation. 2008;15(5):583-
8.

164. Falk K, Granger BB, Swedberg K, Ekman |. Breaking the vicious circle of
fatigue in patients with chronic heart failure. Qual Health Res. 2007;17(8):1020-
7.

165. Falk K, Swedberg K, Gaston-Johansson F, Ekman |. Fatigue is a prevalent
and severe symptom associated with uncertainty and sense of coherence in
patients with chronic heart failure. European journal of cardiovascular nursing :
journal of the Working Group on Cardiovascular Nursing of the European Society
of Cardiology. 2007;6(2):99-104. Epub 2006/07/13.

166. Lewis EF, Lamas GA, O'Meara E, Granger CB, Dunlap ME, McKelvie RS, et
al. Characterization of health-related quality of life in heart failure patients
with preserved versus low ejection fraction in CHARM. Eur J Heart Fail.
2007;9(1):83-91. Epub 2006/12/26.

167. Blazer DG. Depression in late life: review and commentary. The journals
of gerontology Series A, Biological sciences and medical sciences.
2003;58(3):249-65. Epub 2003/03/14.



234

168. Palsson SP, Ostling S, Skoog I. The incidence of first-onset depression in a
population followed from the age of 70 to 85. Psychol Med. 2001;31(7):1159-68.
Epub 2001/10/30.

169. Teresi J, Abrams R, Holmes D, Ramirez M, Eimicke J. Prevalence of
depression and depression recognition in nursing homes. Social psychiatry and
psychiatric epidemiology. 2001;36(12):613-20. Epub 2002/02/13.

170. Blazer DG. Psychiatry and the oldest old. The American journal of
psychiatry. 2000;157(12):1915-24. Epub 2000/12/01.

171. Angel R, Thoits P. The impact of culture on the cognitive structure of
illness. Culture, Medicine and Psychiatry. 1987;11(4):465-94.

172. Pennebaker JW, Skelton JA. Psychological Parameters of Physical
Symptoms. Personality and Social Psychology Bulletin. 1978;4(4):524-30.

173. Appels A, Hoppener P, Mulder P. A questionnaire to assess premonitory
symptoms of myocardial infarction. International Journal of Cardiology.
1987;17(1):15-24.

174. Hann DM, Jacobsen PB, Azzarello LM, Martin SC, Curran SL, Fields KK, et
al. Measurement of fatigue in cancer patients: development and validation of
the Fatigue Symptom Inventory. Quality of life research : an international
journal of quality of life aspects of treatment, care and rehabilitation.
1998;7(4):301-10. Epub 1998/06/04.

175. Bunevicius A, Gintauskiene V, Podlipskyte A, Zaliunas R, Brozaitiene J,
Prange AJ, Jr., et al. Fatigue in patients with coronary artery disease:
association with thyroid axis hormones and cortisol. Psychosomatic medicine.
2012;74(8):848-53. Epub 2012/10/02.

176. Redeker NS, Adams L, Berkowitz R, Blank L, Freudenberger R, Gilbert M,
et al. Nocturia, Sleep and Daytime Function in Stable Heart Failure. Journal of
cardiac failure. 2012;18(7):569-75.



235

177. Riegel B, Ratcliffe SJ, Sayers SL, Potashnik S, Buck HG, Jurkovitz C, et al.
Determinants of excessive daytime sleepiness and fatigue in adults with heart
failure. Clinical nursing research. 2012;21(3):271-93. Epub 2011/09/01.

178. Comin-Colet J, Enjuanes C, Gonzalez G, Torrens A, Cladellas M, Merono O,
et al. Iron deficiency is a key determinant of health-related quality of life in
patients with chronic heart failure regardless of anaemia status. Eur J Heart
Fail. 2013;15(10):1164-72. Epub 2013/05/25.

179. Eckhardt AL, Devon HA, Piano MR, Ryan CJ, Zerwic JJ. Fatigue in the
presence of coronary heart disease. Nurs Res. 2014;63(2):83-93. Epub
2014/03/05.

180. Parshall MB, Schwartzstein RM, Adams L, Banzett RB, Manning HL,
Bourbeau J, et al. An official American Thoracic Society statement: update on
the mechanisms, assessment, and management of dyspnea. American journal of
respiratory and critical care medicine. 2012;185(4):435-52. Epub 2012/02/18.

181. Dyspnea. Mechanisms, assessment, and management: a consensus
statement. American Thoracic Society. American journal of respiratory and
critical care medicine. 1999;159(1):321-40. Epub 1999/01/05.

182. Tobin MJ. Dyspnea. Pathophysiologic basis, clinical presentation, and
management. Arch Intern Med. 1990;150(8):1604-13. Epub 1990/08/01.

183. Shiber JR, Santana J. Dyspnea. The Medical clinics of North America.
2006;90(3):453-79. Epub 2006/02/14.

184. Schwartzstein RM, Manning HL, Weiss JW, Weinberger SE. Dyspnea: a
sensory experience. Lung. 1990;168(4):185-99. Epub 1990/01/01.

185. Schwartzstein RM, Simon PM, Weiss JW, Fencl V, Weinberger SE.
Breathlessness induced by dissociation between ventilation and chemical drive.
The American review of respiratory disease. 1989;139(5):1231-7. Epub
1989/05/01.



236

186. Manning HL, Mahler DA. Pathophysiology of dyspnea. Monaldi archives for
chest disease = Archivio Monaldi per le malattie del torace / Fondazione clinica
del lavoro, IRCCS [and] Istituto di clinica tisiologica e malattie apparato
respiratorio, Universita di Napoli, Secondo ateneo. 2001;56(4):325-30. Epub
2002/01/05.

187. von Leupoldt A, Sommer T, Kegat S, Baumann HJ, Klose H, Dahme B, et
al. Dyspnea and pain share emotion-related brain network. Neurolmage.
2009;48(1):200-6. Epub 2009/06/17.

188. Drazner MH, Hellkamp AS, Leier CV, Shah MR, Miller LW, Russell SD, et al.
Value of clinician assessment of hemodynamics in advanced heart failure: the
ESCAPE trial. Circulation Heart failure. 2008;1(3):170-7. Epub 2008/01/01.

189. Russell SD, McNeer FR, Higginbotham MB. Exertional dyspnea in heart
failure: A symptom unrelated to pulmonary function at rest or during exercise.
American Heart Journal. 1998;135(3):398-405.

190. Solomonica A, Burger AJ, Aronson D. Hemodynamic determinants of
dyspnea improvement in acute decompensated heart failure. Circulation Heart
failure. 2013;6(1):53-60. Epub 2012/11/16.

191. Gomutbutra P, O’Riordan DL, Pantilat SZ. Management of Moderate-to-
Severe Dyspnea in Hospitalized Patients Receiving Palliative Care. Journal of

pain and symptom management. 2013;45(5):885-91.

192. Oxberry SG, Bland JM, Clark AL, Cleland JG, Johnson MJ. Repeat dose
opioids may be effective for breathlessness in chronic heart failure if given for
long enough. Journal of palliative medicine. 2013;16(3):250-5. Epub 2013/02/02.

193. Mentz RJ, Hernandez AF, Stebbins A, Ezekowitz JA, Felker GM, Heizer GM,
et al. Predictors of early dyspnoea relief in acute heart failure and the
association with 30-day outcomes: findings from ASCEND-HF. Eur J Heart Fail.
2013;15(4):456-64.



237

194. Pang PS, Collins SP, Sauser K, Andrei A-C, Storrow AB, Hollander JE, et al.
Assessment of Dyspnea Early in Acute Heart Failure: Patient Characteristics and

Response Differences Between Likert and Visual Analog Scales

Valoracion Precoz de la Disnea en la Insuficiencia Cardiaca Aguda:
Caracteristicas del Paciente y Diferencias de Respuesta entre las Escalas Likert y
las Escalas Visuales Analogicas. Academic Emergency Medicine. 2014;21(6):659-
66.

195. Minasian AG, van den Elshout FJJ, Dekhuijzen PNR, Vos PJE, Willems FF,
van den Bergh PJPC, et al. Bronchodilator responsiveness in patients with
chronic heart failure. Heart & Lung: The Journal of Acute and Critical Care.
2013;42(3):208-14.

196. Evans SA, Kinnear WJM, Watson L, Hawkins M, Cowley AJ, Johnston IDA.
Breathlessness and exercise capacity in heart failure: the role of bronchial
obstruction and responsiveness. International Journal of Cardiology.
1996;57(3):233-40.

197. Russell SD, McNeer FR, Higginbotham MB. Exertional dyspnea in heart
failure: a symptom unrelated to pulmonary function at rest or during exercise.
Duke University Clinical Cardiology Studies (DUCCS) Exercise Group. Am Heart J.
1998;135(3):398-405. Epub 1998/03/20.

198. Bosnak-Guclu M, Arikan H, Savci S, Inal-Ince D, Tulumen E, Aytemir K, et
al. Effects of inspiratory muscle training in patients with heart failure.
Respiratory Medicine. 2011;105(11):1671-81.

199. Laoutaris |, Dritsas A, Brown MD, Manginas A, Alivizatos PA, Cokkinos DV.
Inspiratory muscle training using an incremental endurance test alleviates
dyspnea and improves functional status in patients with chronic heart failure.
European journal of cardiovascular prevention and rehabilitation : official
journal of the European Society of Cardiology, Working Groups on Epidemiology
& Prevention and Cardiac Rehabilitation and Exercise Physiology.
2004;11(6):489-96. Epub 2004/12/08.



238

200. Kociol RD, McNulty SE, Hernandez AF, Lee KL, Redfield MM, Tracy RP, et
al. Markers of decongestion, dyspnea relief, and clinical outcomes among
patients hospitalized with acute heart failure. Circulation Heart failure.
2013;6(2):240-5. Epub 2012/12/20.

201. Hall C. Essential biochemistry and physiology of (NT-pro)BNP. Eur J Heart
Fail. 2004;6(3):257-60.

202. Metra M, O'Connor CM, Davison BA, Cleland JG, Ponikowski P, Teerlink JR,
et al. Early dyspnoea relief in acute heart failure: prevalence, association with
mortality, and effect of rolofylline in the PROTECT Study. Eur Heart J.
2011;32(12):1519-34. Epub 2011/03/11.

203. Moser DK, Frazier SK, Worrall-Carter L, Biddle MJ, Chung ML, Lee KS, et
al. Symptom variability, not severity, predicts rehospitalization and mortality in
patients with heart failure. European journal of cardiovascular nursing : journal
of the Working Group on Cardiovascular Nursing of the European Society of
Cardiology. 2011;10(2):124-9. Epub 2010/07/20.

204. Madigan EA, Gordon NH, Fortinsky RH, Koroukian SM, Pina I, Riggs JS.
Rehospitalization in a National Population of Home Health Care Patients with
Heart Failure. Health Services Research. 2012;47(6):2316-38.

205. McCullough PA, Hollander JE, Nowak RM, Storrow AB, Duc P, Omland T, et
al. Uncovering Heart Failure in Patients with a History of Pulmonary Disease:
Rationale for the Early Use of B-type Natriuretic Peptide in the Emergency
Department. Academic Emergency Medicine. 2003;10(3):198-204.

206. Weber CK, Miglioranza MH, Moraes MA, Sant'anna RT, Rover MM, Kalil RA,
et al. The five-point Likert scale for dyspnea can properly assess the degree of
pulmonary congestion and predict adverse events in heart failure outpatients.
Clinics (Sao Paulo, Brazil). 2014;69(5):341-6. Epub 2014/05/20.

207. Anderson KM. Discharge Clinical Characteristics and 60-Day Readmission in
Patients Hospitalized With Heart Failure. J Cardiovasc Nurs. 2014;29(3):232-41.



239

208. Mentz RJ, Mi X, Sharma PP, Qualls LG, DeVore AD, Johnson KW, et al.
Relation of dyspnea severity on admission for acute heart failure with outcomes
and costs. Am J Cardiol. 2015;115(1):75-81. Epub 2014/12/03.

209. Witte KK, Clark AL. Dyspnoea versus fatigue: additional prognostic
information from symptoms in chronic heart failure? Eur J Heart Fail.
2008;10(12):1224-8. Epub 2008/11/11.

210. Abidov A, Rozanski A, Hachamovitch R, Hayes SW, Aboul-Enein F, Cohen I,
et al. Prognostic Significance of Dyspnea in Patients Referred for Cardiac Stress
Testing. New England Journal of Medicine. 2005;353(18):1889-98.

211. Bodegard J, Erikssen G, Bjornholt JV, Gjesdal K, Liestol K, Erikssen J.
Reasons for terminating an exercise test provide independent prognostic
information: 2014 apparently healthy men followed for 26 years. Eur Heart J.
2005;26(14):1394-401. Epub 2005/04/28.

212. Witte KK, Clark AL. The effect of aspirin on the ventilatory response to
exercise in chronic heart failure. Eur J Heart Fail. 2004;6(6):745-8. Epub
2004/11/16.

213. Ekman I, Kjellstrom B, Falk K, Norman J, Swedberg K. Impact of device-
guided slow breathing on symptoms of chronic heart failure: a randomized,
controlled feasibility study. Eur J Heart Fail. 2011;13(9):1000-5.

214. Pang PS, Collins SP, Sauser K, Andrei AC, Storrow AB, Hollander JE, et al.
Assessment of dyspnea early in acute heart failure: patient characteristics and
response differences between likert and visual analog scales. Academic
emergency medicine : official journal of the Society for Academic Emergency
Medicine. 2014;21(6):659-66. Epub 2014/07/22.

215. McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz M, Rizkala AR, et al.
Baseline characteristics and treatment of patients in prospective comparison of
ARNI with ACEI to determine impact on global mortality and morbidity in heart
failure trial (PARADIGM-HF). Eur J Heart Fail. 2014;16(7):817-25. Epub
2014/05/16.



240

216. McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, et al.
Dual angiotensin receptor and neprilysin inhibition as an alternative to
angiotensin-converting enzyme inhibition in patients with chronic systolic heart
failure: rationale for and design of the Prospective comparison of ARNI with ACEI
to Determine Impact on Global Mortality and morbidity in Heart Failure trial
(PARADIGM-HF). Eur J Heart Fail. 2013;15(9):1062-73. Epub 2013/04/09.

217. Packer M, McMurray JJ, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, et al.
Angiotensin receptor neprilysin inhibition compared with enalapril on the risk of
clinical progression in surviving patients with heart failure. Circulation.
2015;131(1):54-61. Epub 2014/11/19.

218. Spearman C. The proof and measurement of association between two
things. By C. Spearman, 1904. The American journal of psychology. 1987;100(3-
4):441-71. Epub 1987/01/01.

219. Mukaka MM. A guide to appropriate use of Correlation coefficient in
medical research. Malawi Medical Journal : The Journal of Medical Association of
Malawi. 2012;24(3):69-71.

220. Anderson JA. Regression and Ordered Categorical Variables. Journal of the
Royal Statistical Society Series B (Methodological). 1984;46(1):1-30.

221. Cox DR. Regression Models and Life-Tables. Journal of the Royal Statistical
Society Series B (Methodological). 1972;34(2):187-220.

222. Das S, Rahman RM. Application of ordinal logistic regression analysis in
determining risk factors of child malnutrition in Bangladesh. Nutrition journal.
2011;10:124. Epub 2011/11/16.

223. Greenland S. An Application of Logistic Models to the Analysis of Ordinal
Responses. Biometrical Journal. 1985;27(2):189-97.

224. McCullagh P. Regression Models for Ordinal Data. Journal of the Royal
Statistical Society Series B (Methodological). 1980;42(2):109-42.



241

225. Bender R, Grouven U. Ordinal logistic regression in medical research.
Journal of the Royal College of Physicians of London. 1997;31(5):546-51. Epub
1998/01/16.

226. Peterson B, Harrell FE, Jr. Partial Proportional Odds Models for Ordinal
Response Variables. Journal of the Royal Statistical Society Series C (Applied
Statistics). 1990;39(2):205-17.

227. Ananth CV, Kleinbaum DG. Regression models for ordinal responses: a
review of methods and applications. International journal of epidemiology.
1997;26(6):1323-33.

228. Wedel H, McMurray JJ, Lindberg M, Wikstrand J, Cleland JG, Cornel JH, et
al. Predictors of fatal and non-fatal outcomes in the Controlled Rosuvastatin
Multinational Trial in Heart Failure (CORONA): incremental value of
apolipoprotein A-1, high-sensitivity C-reactive peptide and N-terminal pro B-type
natriuretic peptide. Eur J Heart Fail. 2009;11(3):281-91. Epub 2009/01/27.

229. Williams R. Generalized ordered logit/partial proportional odds models
for ordinal dependent variables. Stata Journal. 2006;6(1):58-82.

230. Jackson D, White IR, Seaman S, Evans H, Baisley K, Carpenter J. Relaxing
the independent censoring assumption in the Cox proportional hazards model
using multiple imputation. Stat Med. 2014;33(27):4681-94. Epub 2014/07/26.

231. Neaton JD, Gray G, Zuckerman BD, Konstam MA. Key Issues in End Point
Selection for Heart Failure Trials: Composite End Points. Journal of cardiac
failure. 2005;11(8):567-75.

232. GRAMBSCH PM, THERNEAU TM. Proportional hazards tests and diagnostics
based on weighted residuals. Biometrika. 1994;81(3):515-26.

233. Schoenfeld D. Partial Residuals for The Proportional Hazards Regression
Model. Biometrika. 1982;69(1):239-41.



242

234. Zannad F, Garcia AA, Anker SD, Armstrong PW, Calvo G, Cleland JG, et al.
Clinical outcome endpoints in heart failure trials: a European Society of
Cardiology Heart Failure Association consensus document. Eur J Heart Fail. 2013.
Epub 2013/06/22.

235. Bethel MA, Holman R, Haffner SM, Califf RM, Huntsman-Labed A, Hua TA,
et al. Determining the most appropriate components for a composite clinical
trial outcome. Am Heart J. 2008;156(4):633-40. Epub 2008/10/18.

236. Kwak C, Clayton-Matthews A. Multinomial Logistic Regression. Nursing
Research. 2002;51(6):404-10.

237. Long JS, Freese J. Regression models for categorical dependent variables

using Stata: Stata press; 2006.

238. Little RJ, D'Agostino R, Cohen ML, Dickersin K, Emerson SS, Farrar JT, et
al. The Prevention and Treatment of Missing Data in Clinical Trials. New England
Journal of Medicine. 2012;367(14):1355-60.

239. RUBIN DB. Inference and missing data. Biometrika. 1976;63(3):581-92.

240. Sterne JAC, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, et al.
Multiple imputation for missing data in epidemiological and clinical research:
potential and pitfalls2009 2009-06-29 11:25:03.

241. Rubin DB, Schenker N. Multiple imputation in health-are databases: An

overview and some applications. Statistics in Medicine. 1991;10(4):585-98.

242. Azur MJ, Stuart EA, Frangakis C, Leaf PJ. Multiple imputation by chained
equations: what is it and how does it work? International journal of methods in
psychiatric research. 2011;20(1):40-9. Epub 2011/04/19.

243. Royston P. Multiple imputation of missing values: Update of ice. Stata
Journal. 2005;5(4):527-36.

244. Royston P. Multiple imputation of missing values: Further update of ice,

with an emphasis on categorical variables. Stata Journal. 2009;9(3):466-77.



243

245. Cronbach LJ, Meehl PE. Construct validity in psychological tests.
Psychological bulletin. 1955;52(4):281.

246. Barnes S, Gott M, Payne S, Parker C, Seamark D, Gariballa S, et al.
Prevalence of symptoms in a community-based sample of heart failure patients.
Journal of pain and symptom management. 2006;32(3):208-16. Epub
2006/08/31.

247. Organization WH. Obesity: preventing and managing the global epidemic:
World Health Organization; 2000.

248. Mortensen SA. Overview on coenzyme Q10 as adjunctive therapy in
chronic heart failure. Rationale, design and end-points of “Q-symbio” - A
multinational trial. BioFactors. 2003;18(1-4):79-89.

249. Frishman WH. Beta-adrenergic receptor blockers. Adverse effects and
drug interactions. Hypertension. 1988;11(3 Pt 2):1i21-9. Epub 1988/03/01.

250. Head A, Kendall MJ, Ferner R, Eagles C. Acute effects of beta blockade
and exercise on mood and anxiety. British journal of sports medicine.
1996;30(3):238-42. Epub 1996/09/01.

251. Greenblatt DJ, Koch-Weser J. Adverse reactions to beta-adrenergic
receptor blocking drugs: a report from the Boston collaborative drug surveillance
program. Drugs. 1974;7(1):118-29. Epub 1974/01/01.

252. Hall PE, Kendall MJ, Smith SR. Beta blockers and fatigue. Journal of
clinical and hospital pharmacy. 1984;9(4):283-91. Epub 1984/12/01.

253. Timolol-induced reduction in mortality and reinfarction in patients
surviving acute myocardial infarction. The New England journal of medicine.
1981;304(14):801-7. Epub 1981/04/02.

254. A randomized trial of propranolol in patients with acute myocardial
infarction. |. Mortality results. JAMA : the journal of the American Medical
Association. 1982;247(12):1707-14. Epub 1982/03/26.



244

255. Ko DT, Hebert PR, Coffey CS, Sedrakyan A, Curtis JP, Krumholz HM. Beta-
blocker therapy and symptoms of depression, fatigue, and sexual dysfunction.
JAMA : the journal of the American Medical Association. 2002;288(3):351-7. Epub
2002/07/16.

256. Hjalmarson A, Goldstein S, Fagerberg B, et al. Effects of controlled-
release metoprolol on total mortality, hospitalizations, and well-being in
patients with heart failure: The metoprolol cr/xl randomized intervention trial
in congestive heart failure (merit-hf). JAMA : the journal of the American
Medical Association. 2000;283(10):1295-302.

257. Crosby GA, Munshi S, Karat AS, Worthington E, Lincoln NB. Fatigue after
stroke: frequency and effect on daily life. Disability and rehabilitation.
2012;34(8):633-7.

258. Ekman I, Cleland JGF, Swedberg K, Charlesworth A, Metra M, Poole-Wilson
PA. Symptoms in Patients With Heart Failure are Prognostic Predictors: Insights
From COMET. Journal of cardiac failure. 2005;11(4):288-92.

259. Greenhalgh T. How to read a paper. Statistics for the non-statistician. II."
Significant” relations and their pitfalls. BMJ: British Medical Journal.
1997;315(7105):422.

260. Altman D, Machin D, Bryant T, Gardner M. Statistics with confidence:

confidence intervals and statistical guidelines: John Wiley & Sons; 2013.

261. Jhund PS. Socioeconomic deprivation and cardiovascular disease:

University of Glasgow; 2010.

262. Trafimow D, Marks M. Editorial. Basic and Applied Social Psychology.
2015;37(1):1-2.

263. Brophy JM, Deslauriers G, Boucher B, Rouleau JL. The hospital course and
short term prognosis of patients presenting to the emergency room with
decompensated congestive heart failure. Canadian Journal of Cardiology.
1993;9(3):219-24.



245

264. Parshall MB, Welsh JD, Brockopp DY, Heiser RM, Schooler MP, Cassidy KB.
Dyspnea duration, distress, and intensity in emergency department visits for
heart failure. Heart & Lung: The Journal of Acute and Critical Care.
2001;30(1):47-56.

265. Schiff GD, Fung S, Speroff T, McNutt RA. Decompensated heart failure:
symptoms, patterns of onset, and contributing factors. The American Journal of
Medicine. 2003;114(8):625-30.

266. Brophy JM, Dagenais GR, McSherry F, Williford W, Yusuf S. A multivariate
model for predicting mortality in patients with heart failure and systolic
dysfunction. Am J Med. 2004;116(5):300-4. Epub 2004/02/27.

267. Stiell IG, Clement CM, Brison RJ, Rowe BH, Borgundvaag B, Aaron SD, et
al. A Risk Scoring System to Identify Emergency Department Patients With Heart
Failure at High Risk for Serious Adverse Events. Academic Emergency Medicine.
2013;20(1):17-26.

268. Ahmed A, Allman RM, Aronow WS, DelLong JF. Diagnosis of heart failure in
older adults: predictive value of dyspnea at rest. Archives of Gerontology and
Geriatrics. 2004;38(3):297-307.

269. Perez AC, Jhund P, Preiss D, Kjekshus J, McMurray JJV. Effect of
Rosuvastatin on Fatigue in Patients With Heart Failure. J Am Coll Cardiol.
2013;61(10):1121-2.

270. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Drazner MH, et al.
2013 ACCF/AHA Guideline for the Management of Heart FailureA Report of the
American College of Cardiology Foundation/American Heart Association Task
Force on Practice Guidelines. J Am Coll Cardiol. 2013;62(16):e147-e239.

271. Barnes S, Gott M, Payne S, Parker C, Seamark D, Gariballa S, et al.
Prevalence of Symptoms in a Community-Based Sample of Heart Failure Patients.

Journal of pain and symptom management. 2006;32(3):208-16.



246

272. Lainscak M, Moullet C, Schon N, Tendera M. Treatment of chronic heart
failure with carvedilol in daily practice: The SATELLITE survey experience.
International journal of cardiology. 2007;122(2):149-55.

273. Walke LM, Byers AL, Tinetti ME, Dubin JA, McCorkle R, Fried TR. Range
and severity of symptoms over time among older adults with chronic obstructive
pulmonary disease and heart failure. Arch Intern Med. 2007;167(22):2503-8.

274. Kimble LP, Dunbar SB, Weintraub WS, McGuire DB, Manzo SF, Strickland
OL. Symptom clusters and health-related quality of life in people with chronic
stable angina. Journal of Advanced Nursing. 2011;67(5):1000-11.

275. Mena-Martin FJ, Martin-Escudero JC, Simal-Blanco F, Carretero-Ares JL,
Arzua-Mouronte D, Herreros-Fernandez V. Health-related quality of life of
subjects with known and unknown hypertension: results from the population-
based Hortega study. Journal of hypertension. 2003;21(7):1283-9. Epub
2003/06/21.

276. Stewart AL, Greenfield S, Hays RD, et al. Functional status and well-being
of patients with chronic conditions: Results from the medical outcomes study.
JAMA : the journal of the American Medical Association. 1989;262(7):907-13.

277. Trevisol DJ, Moreira LB, Kerkhoff A, Fuchs SC, Fuchs FD. Health-related
quality of life and hypertension: a systematic review and meta-analysis of
observational studies. Journal of hypertension. 2011;29(2):179-88. Epub
2010/11/04.

278. Applegate WB, Pressel S, Wittes J, et al. Impact of the treatment of
isolated systolic hypertension on behavioral variables: Results from the systolic
hypertension in the elderly program. Arch Intern Med. 1994;154(19):2154-60.

279. Curb J, Borhani NO, Blaszkowski TP, Zimbaldi N, Fotiu S, Williams W.
LOng-term surveillance for adverse effects of antihypertensive drugs. JAMA : the
journal of the American Medical Association. 1985;253(22):3263-8.



247

280. Laaksonen R, Riithimaki A, Laitila J, Martensson K, Tikkanen MJ, Himberg
JJ. Serum and muscle tissue ubiquinone levels in healthy subjects. The Journal
of laboratory and clinical medicine. 1995;125(4):517-21. Epub 1995/04/01.

281. Reidenberg MM. Statins, lack of energy and ubiquinone. British journal of
clinical pharmacology. 2005;59(5):606-7. Epub 2005/04/22.

282. Volterrani M, Clark AL, Ludman PF, Swan JW, Adamopoulos S, Piepoli M,
et al. Predictors of exercise capacity in chronic heart failure. Eur Heart J.
1994;15(6):801-9. Epub 1994/06/01.

283. Norton JP, Clarkson PM, Graves JE, Litchfield P, Kirwan J. Serum Creatine
Kinase Activity and Body Composition in Males and Females. Human Biology.
1985;57(4):591.

284. Fink LI, Wilson JR, Ferraro N. Exercise ventilation and pulmonary artery
wedge pressure in chronic stable congestive heart failure. Am J Cardiol.
1986;57(4):249-53. Epub 1986/02/01.

285. Perez-Moreno AC, Jhund PS, Macdonald MR, Petrie MC, Cleland JG, Bohm
M, et al. Fatigue as a predictor of outcome in patients with heart failure:
analysis of CORONA (Controlled Rosuvastatin Multinational Trial in Heart
Failure). JACC Heart failure. 2014;2(2):187-97. Epub 2014/04/12.

286. Waller DG, Webster J, Sykes CA, Bhalla KK, Wray R. Clinical efficacy of
xamoterol, a beta 1-adrenoceptor partial agonist, in mild to moderate heart
failure. U.K. Xamoterol Study Group. Eur Heart J. 1989;10(11):1003-10. Epub
1989/11/01.

287. Timewell RM, Stark RD, Marlow HF. Xamoterol monotherapy in heart
failure. The European 'Corwin’ Group. Eur Heart J. 1990;11 Suppl A:62-4. Epub
1990/04/01.

288. McGill JB, Bakris GL, Fonseca V, Raskin P, Messerli FH, Phillips RA, et al.
beta-blocker use and diabetes symptom score: results from the GEMINI study.
Diabetes, obesity & metabolism. 2007;9(3):408-17. Epub 2007/03/30.



248

289. Cockcroft A, Adams L, Guz A. Assessment of breathlessness. The Quarterly
journal of medicine. 1989;72(268):669-76.

290. Borg GA. Psychophysical bases of perceived exertion. Medicine and
science in sports and exercise. 1982;14(5):377-81. Epub 1982/01/01.

291. Hoen PW, Whooley MA, Martens EJ, Na B, van Melle JP, de Jonge P.
Differential associations between specific depressive symptoms and
cardiovascular prognosis in patients with stable coronary heart disease. J Am
Coll Cardiol. 2010;56(11):838-44. Epub 2010/09/04.

292. Badia X, Roset M, Herdman M, Kind P. A comparison of United Kingdom
and Spanish general population time trade-off values for EQ-5D health states.
Medical decision making : an international journal of the Society for Medical
Decision Making. 2001;21(1):7-16. Epub 2001/02/24.

293. Schulman KA, Berlin JA, Harless W, Kerner JF, Sistrunk S, Gersh BJ, et al.
The Effect of Race and Sex on Physicians' Recommendations for Cardiac
Catheterization. New England Journal of Medicine. 1999;340(8):618-26.

294. Barakzai MD, Gregory J, Fraser D. The effect of culture on symptom
reporting: Hispanics and irritable bowel syndrome. Journal of the American
Academy of Nurse Practitioners. 2007;19(5):261-7.

295. Wang XS, Cleeland CS, Mendoza TR, Yun YH, Wang Y, Okuyama T, et al.
Impact of Cultural and Linguistic Factors on Symptom Reporting by Patients With
Cancer. JNCI Journal of the National Cancer Institute. 2010;102(10):732-8.

Publications related to work in this thesis

Badar AA, Perez-Moreno AC, Jhund PS, Wong CM, Hawkins NM, Cleland JG, et al.
Relationship between angina pectoris and outcomes in patients with heart

failure and reduced ejection fraction: an analysis of the Controlled Rosuvastatin



249

Multinational Trial in Heart Failure (CORONA). Eur Heart J. 2014. Epub
2014/10/01.

Perez AC, Jhund P, Preiss D, Kjekshus J, McMurray JJ. Effect of rosuvastatin on
fatigue in patients with heart failure. J Am Coll Cardiol. 2013;61(10):1121-2.
Epub 2013/03/12.

Perez AC, Jhund PS, Stott DJ, Gullestad L, Cleland JG, van Veldhuisen DJ, et al.
Thyroid-stimulating hormone and clinical outcomes: the CORONA trial
(controlled rosuvastatin multinational study in heart failure). JACC Heart failure.
2014;2(1):35-40. Epub 2014/03/14.

Perez-Moreno AC, Jhund PS, Macdonald MR, Petrie MC, Cleland JG, Bohm M, et
al. Fatigue as a predictor of outcome in patients with heart failure: analysis of
CORONA (Controlled Rosuvastatin Multinational Trial in Heart Failure). JACC
Heart failure. 2014;2(2):187-97. Epub 2014/04/12.



