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Summary

Background

Cardiovascular disease (CVD) is one of the major causes of morbidity and mortality
worldwide. Clinical guidelines, based on the results of randomised controlled trials, state
that effective secondary prevention therapies should be prescribed following a diagnosis of
particular CVD unless there are contraindications. Although evidence shows that use of
evidence based pharmacotherapies after diagnosis of CVD reduces mortality and disease
progression, many inequalities exist in prescribing practice. Many studies have
documented that women and the elderly are less likely to receive evidence based therapies
than men and the young, respectively. Greater socioeconomic deprivation has also been
shown to be associated with lower rates of prescribing of therapies. However, prior studies
have all focussed on one particular CVD or failed to adjust for confounders. Also, few
studies have examined trends in the prescribing of evidence based pharmacotherapies over
time and documented whether prescribing inequalities are static, narrowing or widening.
This project aims to describe the pharmacotherapy received by patients with CVD in
Scotland, and to describe the factors associated with prescribing of evidence based

pharmacotherapy.
Methods

In this retrospective cohort study I examined a linked database of primary care records
(Continuous Morbidity Records) and secondary care records (Scottish Morbidity Records)
covering 238064 individuals in Scotland (approximately 6% of the total population) from
1997 to 2005. Patients with a first diagnosis (defined as a first hospitalisation or first
recording of the diagnosis in primary or secondary care) of myocardial infarction (MI),
angina, and peripheral arterial disease (PAD) were identified. Patients who died within the
first 30 days of diagnosis/first hospitalisation were excluded from further analysis. Data on
prescribing of evidence based therapies (angiotensin converting enzyme inhibitors
(ACEI)/angiotensin receptor blockers (ARBs), B-blockers, statins and antiplatelet agents
[aspirin or clopidogrel]) within 30 days of diagnosis was obtained from primary care
database records. Multivariable logistic regression was conducted to examine the
association between prescribing of evidence based pharmacotherapies and age, sex,

socioeconomic status, comorbidities and year of diagnosis.



Results

Between 1997 and 2005, 4305 (83.4%) patients with a first diagnosis of MI, 7210 (98.6%)
with angina, and 3385 (95.8%) with PAD had survived to 30 days after their first

diagnosis.

Increasing age was associated with lower odds of being prescribed evidence based
therapies. This association persisted after adjustment for sex, socioeconomic status, year of
diagnosis, and comorbidities. In general, older patients > 85 were significantly less

commonly prescribed evidence based therapy (EBTs), however they were significantly

prescribed nitrates (OR 1.29; 95% CI 1.05-1.59, P< 0.01) for angina.

Generally men were more likely to be prescribed evidence based therapies than women.
After adjustment, prescribing of evidence based therapies was significantly higher in men
with a MI for B-blockers (OR 1.18; 95% CI1.04-1.33, P< 0.01), ACEI/ARBs (OR1.26;
95% CI1.05-1.47, P< 0.01) in angina, and statins in men (OR 1.39; 95% CI1.01-1.93, P<
0.04) with PAD and coronary heart disease (CHD). In contrast, men diagnosed with
isolated PAD were significantly less commonly prescribed statins than women (OR 0.73;

95% CI0.59-0.91, P< 0.004).

Prescribing of evidence based therapies varied negligibly between the most deprived and
least deprived patients. These minor differences disappeared after adjustment except for -
blockers which were significantly less likely to be prescribed for patients who had been
diagnosed with angina and were residing in quintile 9 compared to the least deprived area

(OR 0.76, 95% CI 0.58-1.00, p= 0.05).

Prescribing of evidence based therapies increased between 1997 and 2005, particularly for

ACEIs/ARBs, B-blockers, statins and antiplatelet agents.

Generally the presence of comorbidities was associated with lower odds of being

prescribed evidence based therapies.

When comparing prescribing rates between the different diagnoses, patients with a first MI
were more likely to be prescribed ACEI/ARBSs, B-blockers, statins, aspirin and clopidogrel
compared to angina. All evidence based therapies were less likely to be prescribed for

those with PAD compared to patients with a MI or angina.



Conclusion

In conclusion, I have shown that prescribing of evidence based therapies has improved
over time, though rates remain low. Prescribing evidence based therapies is inequitable,
though not always significant, for age, sex, and socioeconomic status. Concomitant disease
decreased the odds of being prescribed evidence based therapies. More studies are needed
to identify the reasons for the prescribing inequalities and low rates observed. Further
studies are needed to examine the existence of other inequalities in using evidence based

therapies such as dosing and to find strategies to improve prescribing rates.
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1.0 Introduction

This thesis will examine the prescribing inequality of evidence-based therapy for
cardiovascular disease, in particular myocardial infarction (MI), angina and peripheral
arterial disease (PAD) using primary and secondary data sets in Scotland. For consistency I
will refer to evidence-based therapy (EBT) in this thesis. Literature surrounding this topic
will be reviewed to examine the relationship between age, sex, socio-economic,

comorbidity and calendar year and prescribing EBT.

In chapter one, I will discuss different aspects related to this study including the
pharmacological treatment for cardiovascular disease, patients’ compliance and adherence
to medications, socioeconomic measurement, and finally 1 will discuss the
pharmacotherapy key trials for MI, angina and PAD. In chapter two, I will describe the
literature examining the prescribing of EBT inequalities for age, sex, socioeconomic
deprivation, comorbidities and the prescribing trend for MI, angina and PAD. In the next
chapter [ will state the aims and objectives of this thesis. In chapter four, I will describe the
data sets resources (Continuous Morbidity records and Scottish Morbidity Records), the
cohort studied in these analyses, and also the statistical methods used to analyse the data.
In chapter five, I will present the results of the analyses performed which have examined
the prescribing inequalities of EBTs for age, sex, socioeconomic deprivation,
comorbidities and calendar year after first diagnosis of MI, angina, PAD and PAD/CHD,
furthermore, I will discuss these results in subsequent sections under each disease. Chapter
six is an overall discussion and summary of this thesis finding, then chapter 7 and 8 discuss

the study’s strength/ limitations and conclusion, respectively.
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1.1 Background

CVD is one of the most common causes of death worldwide.'? In the United Kingdom
(UK) more than one in three deaths (35%) are due to CVD, and approximately 198000
deaths are attributable to CVD every year.’

Several risk factors can increase the likelihood of developing any CVD. These risk factors
are either modifiable, for example hypertension or non-modifiable such as age. In addition,
once a person develops CVD, modification of risk factors can reduce morbidity and

mortality.4

A number of effective therapies exist that reduce the risk of morbidity and/or mortality in
patients with CVD. These therapies are mainly, but are not limited to, pharmacotherapies.
This thesis will examine a number of cardiovascular diseases, namely coronary heart
disease (CHD) which includes (myocardial infarction (MI) and angina), and peripheral
arterial disease (PAD) and examine the pharmacoepidemiology of evidence based drug

therapies for each of these diseases.

1.1.1 Non-communicable disease

Non-communicable diseases (NCDs), also known as chronic disease, have been considered
as a leading cause of death worldwide.™® They account for 60% of all deaths and 44% of
premature deaths.” These diseases are not transmissible disease and they form a group of

diseases that are not mainly caused by infection such as HIV/AIDS.’

CVD such as stroke and MI, chronic respiratory disease such as asthma, cancer, and
endocrine diseases such as diabetes are the main group of NCDs. It has been reported that
more than 36 million die annually due to NCDs. These groups of diseases already
disproportionately affect low and middle-income countries where nearly 80% of NCD
deaths (29 million) are reported. With an expectation of Africa, NCDs have been
considered the leading causes of death in all regions.”® A large portion of countries
healthcare budgets are already utilised by these diseases. For instance, World Economic
Forum and Harvard University have reported that chronic diseases are currently costing
2% of the global gross domestic product (GDP), with a tendency to cost the global

economy US$30 trillion over the next two decades.™

All age groups and all regions are affected by NCDs with a tendency to be more associated
with older age groups. However, evidence shows that more than 9 million of all deaths

attributed to NCDs occur before the age of 60, 90% of these "premature" deaths occurred
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in low and middle income countries. Unhealthy diets, physical inactivity, exposure to
tobacco smoke or the effects of the harmful use of alcohol have all been considered as the
leading risk factors that contribute to NCDs .° Physical inactivity and smoking are the most
common contributable risk factors.” In spite of the ability to modify and change these risk
factors, they are still the main cause of NCDs and death. For example, tobacco is the main
cause of six million deaths annually, physical inactivity accounts for 3.2 million deaths
every year, and approximately 1.7 million deaths are due to low fruit and vegetable

consumption.’

In May 2013, a set of measures to tackle the global NCDs challenge were adopted by
the 66" World Health Assembly. They endorsed a new Global Action Plan on
NCDs containing suggested actions for WHO, countries and international partners. These
actions involved working to improve multi-stakeholder collaboration and adopting
a global monitoring framework. Twenty-five indicators of progress and nine voluntary

global targets have been laid out by the framework to:

e Reduce the percentage of avoidable, premature deaths from the leading NCDs by
25%

e Reduce the risk of NCDs by decreasing the previously mentioned leading
behaviours such as tobacco use, harmful alcohol use, physical inactivity, and
eating unhealthy diets including consuming excess salt/sodium

e Stop the increase in diabetes and obesity, and reduce population levels of high

blood pressure

® [ncrease the ability of accessing essential medicines and technologies for NCDs as
well as promoting suitable use of drug therapy to reduce the chances of heart

attacks and strokes.
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1.2 Pharmacological basis for medications used in the management of

myocardial infarction, angina and peripheral arterial disease

1.2.1 Antiplatelet agents

Platelet aggregation and thrombosis play a central role in the development of a number of
diseases caused by atherosclerosis. Ischaemic stroke, MI, angina and PAD are primarily
caused by the occlusion of arteries by the formation of thrombus.® Antiplatelet agents are
used to prevent and treat thrombosis related disease including MI, angina, PAD, stroke,
and for secondary prevention in these disorders.’” Antiplatelet agents inhibit platelet
aggregation by different mechanisms of action. The antiplatelet agents currently available
for clinical use are aspirin (a cyclo-oxygenase inhibitor), dipyridamole (phosphodiesterase
inhibitor), thienopyridines derivatives (clopidogrel, ticlopidine, prasugrel), glycoprotein
IIb/Illa receptors antagonists (abciximab, tirofiban, eptifibatide), and nucleoside
/nucleotide inhibitors (ticagrelor, cangrelor). Aspirin (acetylsalicylic acid) is the most
widely used antiplatelet agent. It is the first line of treatment for patients with vascular
disease unless contraindicated.”"” It works by inhibiting cyclooxygenase (COX)-1 which

leads to platelet inhibition through inhibition of thromboxane A2.

There are several clinical indications for aspirin such as stable angina, unstable angina, the
treatment of acute MI, post-MI, post coronary bypass surgery and after coronary

3 A number of clinical trials have demonstrated the

angioplasty, PAD and stroke.
beneficial effects of aspirin in CVD (I will discuss these in the next chapter). The most
common side effects include dyspepsia, nausea, vomiting, gastrointestinal (GI) bleeding,
increased bleeding time, and gastric irritation. The major contraindications are GI bleeding,
history of GI bleeding and active peptic ulcers."” High doses of aspirin are associated with
an increased risk of GI side effects though the risk is reduced by using lower daily doses
(75-300mg daily). Despite this the population burden of bleeding on low dose aspirin used
for the treatment of CVD is still high given the prevalence of the diseases for which it is

14,15
d. ™

indicate While aspirin does have serious side effects its efficacy and availability

mean that it has a central role in the treatment of atherothrombotic disease.

Aspirin has been used for many years but more recently drugs that irreversibly inhibit the

binding of adenosine diphosphate (ADP) to its receptor in the platelet surface (P2Y;

receptor) thus inhibiting platelet aggregation have been developed. The thienopyridine
25



group of drugs including clopidogrel and ticlopidine were the first developed. They are
also commonly used in patients at risk of atherothrombotic events. These drugs have been
shown to reduce the risk of new or further thrombus formation.”'*'®!” Ticlopidine and
clopidogrel can be used as an alternative when aspirin is contraindicated or the patient
cannot tolerate the side effects of aspirin. The use of ticlopidine was limited because of its
serious side effects of neutropenia and thrombotic thrombocytopenia.'>'® Clopidogrel is
more widely used as it does not have these side effects. It also has better GI tolerability
than aspirin although the risk of bleeding is still present.'” Prasugrel has been available
more recently. It may be more efficacious than clopidogrel in the setting of acute MI,
however this is at the expense of more bleeding.”” Prasugrel only became available at the

end of the period covered by the data and was not in use during the period of this study.

More recently the nucleoside /nucleotide inhibitors (ticagrelor, cangrelor) have been
developed and tested. They again inhibit the P2Y;, receptor to prevent platelet aggregation.
They are more potent than clopidogrel and are associated with higher rates of bleeding.
Their efficacy has only recently been demonstrated and they were not available for use
during the period covered by the data in this thesis. Therefore they were not included in the
analysis. The glycoprotein IIb/IIla receptors antagonists (abciximab, tirofiban, eptifibatide)
are only used in intravenous form in the setting of acute coronary syndromes (ACS) in
hospital. They are indicated for use in unstable patients who are due to receive coronary
angioplasty and during angioplasty for certain groups. They are therefore not included in

the analysis of the data used in this thesis.

Of the antiplatelet drugs discussed above, only aspirin and clopidogrel are included in the
analyses. The other drugs are only used in intravenous form in hospital or were developed
and available for use after the period of this study. The evidence surrounding the use of

aspirin and clopidogrel is discussed in the next chapter.

1.2.2 Beta-blockers

Beta blockers (B-blockers) are indicated in the treatment of a number of CVDs including
angina, MI and PAD.? B-blockers act by blocking the B-adrenoceptors found in the heart
(B1 receptor) and peripheral vascular and bronchial smooth muscle cells (B, receptor).
Therefore the binding of epinephrine and norepinephrine to these receptors is blocked
leading to inhibition of the effects of the sympathetic nervous system. **** B-blockers

reduce the work of the heart through negative chronotropic and inotropic effects (i.e. they
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decrease heart rate and myocardial contractility) and therefore reduce myocardial oxygen
demand. This reduction in myocardial oxygen demand improves the symptoms of angina.
The increase in diastolic filling time due the negative inotropic effect of B-blockers
prolongs myocardial perfusion through longer filling of the coronary arteries that occurs
during diastole. Furthermore, B-blockers limit infarct size and improve survival in patients

who have had a MI. 2%

The B-blockers can be broadly categorised according to their perceived cardioselectivity.
The first generation B-blockers (e.g. propranolol, timolol) inhibit both B; and B, receptors
and are therefore not cardioselective. They may lead to a greater risk of causing
bronchospasm and vasoconstriction through smooth muscle contraction as a result of
blocking B, receptors. The selective B-blockers (acebutolol, atenolol, betaxolol, bisoprolol,
celiprolol and metoprolol) are potentially less likely to cause these side effects as they
mainly act on the B; receptors. The cardioselectivity of these B-blockers falls as the dose
increases. The non-selective but combined B-blockers (carvedilol, nadolol) have both B-
blocker and other vasodilator effects. Nebivolol and carvedilol cause a direct vasodilation
potentially via nitric oxide release, pindalol and acebutolol have an intrinsic
sympathomimetic activity on [, receptors leading to smooth muscle relaxation and
vasodilation and labetalol and carvedilol also have alpha blocking activity. A number of
randomised clinical trials have demonstrated the efficacy of B-blockers leading to their
central place in guidelines (these will be discussed in the next chapter). Although they are
widely used and recommended this class of drugs have a number of side effects and
contraindications. Their side effects arise from their mechanism of action. Smooth muscle
effects cause bronchospasm and cold extremities and their negative chronotropic effect can

222425

cause excessive bradycardia. In addition, the drugs can cause insomnia (which is

thought to occur due to the drugs crossing the blood brain barrier).”**

The use of B-blockers is recommended for the treatment and prevention of angina, MI and
prevention of cardiovascular events in patients with PAD. In the current thesis all B-

blockers were examined.

1.2.3 Angiotensin converting enzyme inhibitors/ angiotensin receptor blockers

Angiotensin converting enzyme inhibitors (ACEI) and angiotensin-II receptors blockers
(ARB) both act on renin angiotensin system (RAS). ACEIs inhibit the conversion of

angiotensin-I to angiotensin-II by angiotensin converting enzyme (which is found in the
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pulmonary and renal endothelium) and ARBs block the angiotensin 1 and 2 receptors (AT1
and AT2) inhibiting the action of angiotensin II. Angiotensin II is a potent vasoconstrictor,
it increases sympathetic activity, causes tubular sodium, chloride and water retention
directly and through the formation of aldosterone by the adrenal cortex and via ADH
secretion causes further water retention. All of these effects lead to an increase in blood
pressure, afterload on the heart and coupled with its direct actions on the heart through
inhibition of cardiac contractility, cell communication, and electrical impulse propagation
and promotion of apoptosis (cell death) mean that angiotensin II is central to the
development of CVD and the risk of death or other adverse outcomes in those with

. . 27-31
cardiovascular disease.

The use of ACEI and ARBs has been shown to have many favourable effects in
cardiovascular disease. They reduce blood pressure, reduce infarct size in MI and inhibit
adverse remodelling preventing the onset of heart failure (HF). They also improve survival
in those with cardiovascular or PAD (see next section). However, drugs inhibiting the RAS
also have a number of side effects that can limit their use in practice. They promote the
retention of potassium, as angiotensin II which they inhibit promotes the excretion of
potassium. They also can cause worsening of renal failure and because of their effect on
the RAS they are contraindicated in renal artery stenosis (as they cause a fall in renal
perfusion pressure). All ACEIs can also cause angioedema through the inhibition of
bradykinin breakdown which is also mediated by angiotensin converting enzyme.’® This
effect is also responsible for a dry cough which can occur with ACEIs. While these effects
are particularly relevant for ACEIs a small subset who take an ARB can also develop
angioedema.’” In practice the commonest reason for this group of drugs not to be
prescribed is impairment of renal function, hyperkalaemia and hypotension. *> The final
issue that has been discussed is whether ARBs are equivalent to ACEIs in their ability to
prevent adverse outcomes. As noted above, their different mechanism of action may reduce
the likelihood of certain side effects. Theoretically they were thought to be better at
inhibiting the effects of angiotensin II as angiotensin II can still be produced through non-
ACE dependant pathways even if an ACEI is used.”* However, clinical outcome trials have
established their equivalence and not superiority for a number of cardiovascular outcomes

as will be discussed in the next section.
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For this thesis I considered any ACEI or ARB as a potential drug. Given that ARBs can be
used instead of ACEI for patients with side effects such as cough, they are combined into

one group.

1.2.4 Calcium channel blockers

Calcium plays an important role in maintaining the tone of smooth muscle cells and in the
contraction in the myocardium. Normally the concentration of calcium ions (Ca2") is
higher outside cells than inside, and it influxes into vascular smooth muscle and
myocardial cells through L-type calcium channels. This increase in intracellular Ca2"
concentration stimulates smooth muscle and myocardial contraction. Calcium channel
blockers (CCBs) antagonize this effect by blocking L-type calcium channels and
preventing the influx of calcium ions into cells. This in turn leads to the drugs being
negatively inotropic and causing peripheral vasodilation. This effect is common to both the
non-dihydropyridene (non-DHP) subclass (which includes the drugs verapamil and
diltiazem) and the dihydropyridenes (amlodipine, nifedipine, lecarnidipine, felodipine
etc.). The DHP are more selective for the vascular smooth muscle and hence are less
negatively inotropic than the non-DHP class of CCBs. The non-DHP drugs also inhibit the
sino-atrial and atrioventricular node, reducing heart rate further, adding to their negative

effect on cardiac output.*>>’

The class of CCB used is therefore determined by comorbidities and interactions with
other prescribed drugs. CCBs are useful for patients who have bronchospasm or airways
disease who cannot tolerate B-blockers. The negatively inotropic effect of the non-DHP
class means that they are contra-indicated in patients with HF and their rate-limiting effects
means that they cannot be used with B-blockers or in those with existing atrioventricular
disease (the DHP class can be used).”™’ In general, CCBs are well tolerated but side
effects occur from their vasodilation properties such as dizziness, hypotension, headache
and ﬂushing.35’4o’41 Constipation is a common side effect in the elderly with the non-DHP
class. Some important drug interactions between the non-DHP and other drugs commonly
prescribed in patients with CVD must be noted. In addition to lowering heart rate the non-
DHP also inhibit the digoxin transporter increasing serum concentrations of digoxin,
increasing the risk of digoxin toxicity and heart block. Verapamil is an inhibitor of the
hepatic CYP3A enzyme involved in the breakdown of statins, theophylline (used in

asthma, a common reason to use the non-DHP drugs over B-blockers) and cyclosporin.
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Despite these issues the CCB drugs are used commonly as they improve angina, reduce
blood pressure and in the case of the non-DHP verapamil may improve outcomes post-
ML* All CCBs were considered under one class for this thesis as there is not definitive

evidence that one sub-class is preferable to another as will be discussed in the next chapter.

1.2.5 HMG-CoA reductase inhibitors

A number of drugs are available to reduce cholesterol. The fibrates (fenofibrate,
gemfibrozil, benzofibrate, fenofibrate) reduce triglyceride levels. The nicotinic acid niacin
is thought to act via inhibition of free fatty acid release from tissues therefore reducing the
creation of cholesterols by the liver. The bile acid sequestrants (cholestyramine,
colesevelam and colestipol bind to bile acids, which contain cholesterol, and promote their
excretion in the gastrointestinal tract, reducing cholesterol levels. None of these drugs have
convincingly shown reductions in mortality or morbidity in trial. The inhibitors of the liver
enzyme responsible for forming cholesterol, 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA), have been shown to effectively lower lipid levels and reduce morbidity and
rnortality.43 “# As such the statins (simvastatin, pravastatin, fluvastatin, atorvastatin,
rosuvastatin, lovastatin) are the drug of choice for reducing cholesterol and improving
outcomes in patients with cardiovascular disease. Guidelines suggest commencing a statin
therapy in patients established CHD with total cholesterol level >4.5 mmol/L, and LDL
cholesterol >2.5 mmol/L.** In addition to lowering LDL cholesterol (associated with worse
outcomes) they increase the levels of HDL cholesterol (with increased levels reducing the
risk of cardiovascular events.”* The statins may also have other so-called pleomorphic
effects such as improving endothelial function, stabilising coronary plaques (the rupture of
which are responsible for myocardial infarction) and inhibiting inflammatory response to

. 4647
atherosclerosis.™

The statins are contraindicated in patients with liver impairment and
they can cause an elevation in liver enzymes. The commonest side effect of the drugs is on
the skeletal muscle and the drugs can cause muscle pain and more rarely rhabdomyolysis
(disintegration or dissolution of muscle).” A number of clinical trials which will be
discussed in the next chapter have demonstrated that statins reduce morbidity and mortality
in primary and secondary prevention of CVD.* Therefore in this thesis I will examine

statins as the evidence based therapy for the outcomes examined.
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1.2.6 Nitrates

Nitrates are commonly used for the treatment of angina. Through a nitric oxide free radical
the drugs induce vasodilation even when endogenous nitric oxide production is low or
impaired. An unstable nitric oxide free radical is released from the nitrate molecule of the
drugs. Prolonged administration of the drugs can lead to formation of a compound called
peroxynitrate and this inhibits endothelial production of nitric oxide and may be one of the
mechanisms behind the phenomenon of nitrate tolerance.*° This occurs when the patients
have been on nitrates without a break for a long time. To prevent this nitrates are
administered with a nitrate free period usually overnight when the patient is less active.
The nitrates preferentially dilate large coronary arteries and arterioles. As a result they lead
to a reduction in afterload via arterial dilation, reduction in preload through venous
dilatation and consequently reduced myocardial oxygen requirements. The nitrates are
therefore used to relieve the symptom of angina. Short acting preparations (given
sublingually to prevent metabolism in the liver) are effective at quickly relieving chest pain
by their coronary vasodilation effects. The longer acting nitrate preparations (given in
tablet form or as transdermal patches) are effective at improving symptoms and exercise

tolerance in patients with angina.

As a result of their vasodilatory action the commonest side effect is headache, 30-60% of
patients receiving nitrate therapy with long acting preparations will experience headache.
Other side effects are postural hypotension, facial flushing and tachycardia, again all a
consequence of their vasodilatory actions.’'* Nitrates have very few contraindications and
may have to be used in caution with other vasodilating medications such as CCBs. The
major interaction is between phosphodiesterase-5 inhibitors (e.g. sildenafil (Viagra)) where
co-administration may lead to catastrophic vasodilation and circulatory collapse. Unlike
many of the other drugs discussed the nitrates have not been shown to improve morbidity
or mortality in patients with cardiovascular disease. The only exception is HF where the
administration of isosorbide dinitrate may improve outcomes when administered with
hydralazine (another vasodilator) in some patients. Nitrates are therefore used to treat

symptoms and not improve outcomes.

1.2.7 Potassium channel opener “Nicorandil”

Nicorandil is relatively new class of anti-anginal medication. It is a potassium channel
activator that is used in the management of stable angina. Nicorandil has a dual effect, a

nitrate-like effect and activation of ATP sensitive potassium channels.”® These actions
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produce vasodilatation in systemic and coronary arteries. This mechanism leads to a
reduction in both preload and afterload.”*> As with other vasodilators the drugs must be
used with caution in those with low blood pressure or receiving other vasodilator
medications. As with other vasodilators, the side effects reflect vasodilation and include
headache, hypotension, dizziness, fatigue and flushing. A rare but more serious
complication of gastrointestinal ulceration is recognised and resolves after stopping the
drug.>**® There are studies of nicorandil that have demonstrated improvements in
morbidity in patients with angina. Therefore nicorandil is considered a useful treatment for

angina.

1.2.8 Ivabradine

Ivabradine is a new heart rate lowering drug which has selective and specific inhibitor
effects on Irchannel in the sino-atrial node. This effect leads to a reduced heart rate at rest
or during exercise. Therefore, ivabradine maintains myocardial contractility,
atrioventricular conduction and ventricular repolarization and is thought to be purely a
heart rate lowering drug. It therefore reduces the metabolic needs of the heart, improving
angina symptoms. It is useful in patients who cannot tolerate or have a contraindication to
B-blockers.””® Ivabradine is contraindicated in patients with sino-atrial disease and should
not be used with rate limiting CCBs (verapamil and diltiazem) as the risk of heart block
and bradycardia is high.” Common side effects are bradycardia, first-degree heart block,
headache, dizziness and blurred vision (as the Ifchannel is also present in the retina). Less
common side effects include: diarrhoea, nausea, constipation, palpitation, dyspnoea and
muscle cramp. Ivabradine reduces angina and has been tested in angina and HF (see next

section). As such is it considered a third or fourth line therapy in the treatment of angina.

1.2.9 Oral anticoagulants

Vitamin K plays an essential role in blood clotting. It is important in the formation and
production of vitamin-K dependant clotting factors (VII, IX, X, and II). Warfarin inhibits
the production of these clotting factors and is therefore an anticoagulant drug.®® The drug
must be monitored as it has unpredictable pharmacokinetics which alter between patients
(due to genetic differences) and within patients (due to changes in catabolism, diet (see
below) or concomitant drugs). It has a narrow therapeutic window where the benefits of its
anticoagulant effects are observed. Over-anticoagulation increases the risk and rate of

bleeding, most usually from the gastrointestinal tract or in the brain causing haemorrhagic
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stroke. While the effects of over-anticoagulation can be reversed with vitamin K,
administration of blood clotting factors may be needed in life threatening bleeding.
Warfarin also interacts with a multitude of drugs and foods making it a difficult drug to
safely administer. Coupled with the need for regular monitoring and dose adjustment it is a
drug with low adherence rates. However, it is an effective anticoagulant and it is used for
secondary prevention following MI where it may be used as an alternative for those
intolerant of antiplatelet agents (mainly aspirin or clopidogrel). Also it is considered after
MI in patients who are already taking warfarin for other comorbidities such as atrial
fibrillation or deep-vein thrombosis (DVT).®' Caution must be used when prescribing the
drug in conjunction with aspirin as the risk of bleeding increases. Warfarin is
contraindicated in haemorrhagic stroke, peptic ulcer disease, uncontrolled hypertension
and clinically significant bleeding or bleeding disorders. More recently novel oral
anticoagulants have been developed. These include direct factor Xa inhibitors
(rivaroxaban, apixiban, edoxaban) and direct thrombin inhibitors (dabigatran). However,
these were not available or indicated during the period of this study. At present they are not

licenced for use in CHD or PAD. For this reason the anticoagulant examined is warfarin.

1.2.10 Cilostazol

Cilostazol is a 2-oxoquinolone derivative and selective inhibitor for the phosphodiesterase-
3. It has antiplatelet aggregation, vasodilator and antithrombotic effects. It is used to
improve blood flow in peripheral arteries and improves walking distance in those with
PAD. It should be avoided in patients with a predisposition of bleeding, history of
ventricular tachycardia, HF or severe renal impairment. The most common side effects that
may appear when using cilostazol are tachycardia, palpitations, gastrointestinal

disturbances, dizziness, headache and chest pain.62’63

1.2.11 Naftidrofuryl

Naftidrofuryl is a vasodilator drug use to improve walking distance in patients with
intermittent claudication. It is a selective serotonin “SHT2” receptors antagonist in the

64,65 It is

smooth muscle cell which may lead to vasodilation in the peripheral circulation.
normally tolerated in the recommended dose, however few undesirable effects can be

recognised such as nausea, diarrhoea, rashes, epigastric pain, headache, dizziness.”
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1.2.12 Pentoxifilline (Oxpentifylline)

Pentoxifylline acts by lowering blood viscosity and increasing the flexibility of red blood
cells both of which are thought to lead to improved blood flow in the peripheries. It may
also decrease the risk of thrombus formation.® It is contraindicated in patients with
cerebral haemorrhage, acute MI. Its side effects include nausea, vomiting, diarrhoea,
dizziness, sleep disturbances, headache.” Its efficacy in reducing morbidity or mortality

has not been proven but it may improve symptoms.

Summary

The drugs used to treat MI, angina and PAD overlap. As can be seen from the description
of the pharmacological actions of the drugs above, the mechanisms of action of the drug
mean that they are useful in each of these conditions. In the next chapter I will discuss the

evidence base for the use of each of these drugs in MI, angina and PAD.
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1.3 Coronary Heart Diseases

CHD occurs when atherosclerosis of the coronary arteries is present. An individual with
CHD may have no symptoms, exertional chest pain (angina) or sudden occlusion of a
coronary artery which leads to a MI. In the UK approximately 50% of CVD deaths are
directly related to the CHD.* Annually around 8,000 people die in Scotland because of
CHD ° despite the observation that CHD mortality has declined in the last 10 years by
42%.°7%% However, effective evidence based therapies, which reduce morbidity and
mortality in those with CHD, i.e. for secondary prevention, are available and I will discuss

these in relation to MI and angina.

1.3.1 Angina

1.3.1.1 Evidence based pharmacotherapy and secondary prevention in angina

A number of effective therapies for the treatment of angina exist. Drugs may be used to
control symptoms and others to reduce mortality. The management of angina symptoms is
usually initiated with one drug (mono therapy), however, if this is not sufficient to improve

symptoms then combination therapy is required.*>**’
Calcium channel blockers

CCBs are effective in the treatment of angina. The selection of a CCB is based on
comorbidity and drug interactions. For example HF and bradycardia or AV block limit the
choice to dihydropyridines (e.g. amlodipine or felodipine).”” CCBs improve angina
symptoms by coronary vasodilatation and reduction in myocardial oxygen demand.*""!
Dizziness, hypotension, headache, palpitation, flushing, and nausea are commonly
observed with dihydropyridines such as nifedipine, but less so with long acting
diyhydropyridines such as amlodipine and non-dihydropyridines e.g. diltiazem or

verapamil.*' Rate limiting CCBs (diltiazem and verapamil) are contraindicated and should

be avoided in patients with HE, and in patients with bradycardia or AV block.*

The extent of efficacy and tolerability of two different types of CCB has been assessed in a
randomised double-blind study.”” Amlodipine once daily and modified release diltiazem
once daily were compared in one study. Patients were randomised to amlodipine
(5mg/day) or diltiazem modified release (240mg/day) for two weeks, then the dose
increased to (10mg/day) and (360mg/day), respectively. There was no significant
difference between the two treatments. In comparison to the baseline, both treatments were
significantly associated with increase in time to onset of angina (<0.001) for diltiazem and
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(0.002) for amlodipine, time to maximal exercise (<0.001) for both treatments. In addition,
both drugs were similarly effective in reducing the number of angina attacks and the
frequency of use of glyceryl trinitrate. Amlodipine and diltiazem were associated with a
low rate of side effects, and the most common reported side effects were oedema, headache

and palpitations.”

A further study compared amlodipine (2.5-10 mg a day) with diltiazem (60-120 mg three
times/ day).”> Both drugs resulted in an improvement of time to onset of angina, time to
maximal exercise, and time to 1 mm ST segment depression. They also reduced glyceryl
trinitrate consumption (median decline in consumption for amlodipine was 0.75
tablet/week and 1 tablet/ week for diltiazem) and frequency of angina attacks (1.5

attacks/week for amlodipine and 3 attacks/ week for diltiazem).

Angina prognosis study in Stockholm (APSIS)”* included 809 patients age under 70 years
old with stable angina. Patients were blindly randomised to receive either verapamil
(240mg/ twice a day) or metoprolol (200mg/ a day). After a median follow-up for 3.4
years, mortality was 6.2% in verapamil and 5.4% in metoprolol (p=0.63). At the end of the
study 24.3% of verapamil treated and 26.1% of metoprolol treated patients had non-fatal

cardiovascular events (M1, stroke, PAD and angina).
Nitrates

In the management of an acute angina attack the most effective drug is a nitrate taken
either as a sublingual tablet or spray of glyceryl trinitrate.”> Vascular smooth muscle
dilatation is the principal effect of nitrates. This leads to reduced cardiac preload and
afterload which results in decreasing myocardial oxygen requirement. A further effect is
dilatation of the coronary arteries which increase the coronary artery blood flow and

consequently increased oxygen supply.”'>?

For the chronic treatment of angina in a double blind study, 97 elderly patients with stable
angina were randomised for either to receive amlodipine (5-10 mg/day) or isosorbide
mononitrate at dose (25-50 mg/day) for 28 weeks. At the end of this study amlodipine was
significantly better than isosorbide mononitrate in improving the total exercise time

p=0.016."

Combination of isosorbide mononitrate with atenolol showed a preferable effect than
nifedipine with atenolol or atenolol alone in a double blind study.76 Eighteen patients (age

rage 47-67 years) with angina were randomised to atenolol (100mg/day) and placebo,
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atenolol (100mg/day) and nifedipine (40mg/day), atenolol (100mg/day) and isosorbide
mononitrate (40mg/day), or triple therapy. After 4 weeks, there were no significant
differences in all tested parameters including angina attack rates, glyceryl trinitrate
consumption, exercise duration to onset of angina or Imm ST depression or symptoms
free. However, combination of atenolol/ isosorbide mononitrate was associated with longer
exercise duration than atenolol alone (mean difference 46, 95% CI 18-88, p=0.005),
atenolol with nifedipine (mean difference 36, 95% CI 2-71, p=0.04), triple therapy (mean
difference 28, 95%CI 6-61, p=0.1).

Beta blocker

B-blockers are considered a first line therapy for the long term management of chronic
angina. However, these should be avoided in patients with asthma, severe bradycardia,
high degree atrioventricular block’’ and decompensated left ventricular failure.”’® p-
blockers improve angina symptoms through reducing the heart rate and myocardial
contractility which both lead to reduce myocardial oxygen demand.” Side effects include

fatigue, lethargy, insomnia, nightmares, sexual dysfunction.*®

The atenolol silent ischemic study (ASIST)* examined the effect of atenolol on daily
ischaemia due to CHD in 306 outpatients. Patients were randomised to either placebo or
atenolol (100mg/day). After four weeks of treatment, compared to placebo, atenolol
reduced the frequency (mean = SD, 3.6+4.2 vs. 1.7+4.6 episode, p<0.001) and average
duration (3043.3 vs. 16.4+6.7 minutes, p<0.001) of ischaemic episodes per 48 hours of
ambulatory electrocardiography (ECG) monitoring. The average heart rate after four weeks
for placebo was 74.9 beats/minutes vs. 63.2 beats/minutes (p=0.0001) for atenolol.
Furthermore, atenolol improved event free survival (death, resuscitation of ventricular
tachycardia/ fibrillation, myocardial infarction, hospitalisation for unstable angina,
aggravation of angina or revascularisation, p< 0.006). However, there was no significant
reduction in the endpoint of death or non-fatal MI among atenolol treated patients over

placebo (relative risk [RR], 0.55; 95% confidence interval [CI], 0.22-1.33, p=0.175).80

Although the sample size in the ASIST study was small and the duration of follow-up was
only one year, this study provided evidence of the beneficial effect of atenolol in the

management of patients with silent ischaemia.*
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Combination therapy of p-blocker and calcium channel blocker

The effect of combination treatment versus monotherapy of stable angina has been
investigated in the International Multicentre Angina Exercise (IMAGE) study.®'® Patients
who reported stable angina symptoms for > 6 months and had a positive exercise tolerance
test were enrolled in this study. This study took place over 10 weeks and was divided into
two stages. Firstly patients had an exercise test at baseline and they were allocated to
double-blind treatment for 6 weeks with either metoprolol (100mg/ day) or nifedipine
(20mg twice/day). Then in the next four weeks patients treated with metoprolol were
randomised additionally to either placebo or nifedipine and patients treated with nifedipine
were also randomised to the addition of metoprolol or placebo. Exercise tolerance tests
were repeated at week 6 and week 10. Both metoprolol and nifedipine were effective and
mean exercise time increased in comparison to baseline (p < 0.01), metoprolol was
significantly more effective than nifedipine (p < 0.05). Combination therapy led to a

. . . . 1,82
considerable increase in mean exercise tolerance (p < 0.05) compared to placebo.®"*

The total ischaemic burden European trial (TIBT)* included 608 patients aged between 40
and 79 years with stable angina. Patients were randomly selected to receive atenolol 50mg/
twice a day, nifedipine 20mg/twice a day, or combination therapy of atenolol/nifedipine.
After 6 weeks follow-up atenolol and combination therapy were associated with significant
(p<0.01) fall in heart rate, however, nifedipine was associated with slight increase in heart
rate. Furthermore, after 6 weeks the total exercise time, time to 1 mm ST segment
depression, and maximal ST segment depression, significantly improved in all treatment

groups compared to the baseline.

A meta—analysis84 of 22 randomised trials compared monotherapy with a B-blocker to
combination of B-blocker and CCB, and 10 studies comparing monotherapy with a CCB to
a combination of a CCB and a B-blocker. This meta-analysis demonstrated that combined
therapies were significantly more effective than a pB-blocker and increased the time to 1
mm ST segment depression by 8% (p < 0.001), increased total exercise duration by 5%,
and increased the time to the onset of angina pain by 12% (p < 0.001). However, only the
time to Imm ST segment depression was significantly increased with the combined

therapy compared to CCB alone by 9% (p < 0.001).%
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“Potassium channel openers” nicorandil

Nicorandil is a potassium channel activator used in the management of stable angina. This
drug is used in combination with other drugs in patients who have not achieved symptom
control.”® Nicorandil has a dual effect, a nitrate-like effect and activation of ATP sensitive
potassium channels.’® These actions produce vasodiltation in systemic and coronary
arteries. This mechanism leads to a reduction in both preload and afterload.”®> The most
common reported adverse effects of nicorandil are headache, hypotension, dizziness,
fatigue, flushing, and, rarely, gastrointestinal ulceration such as small intestinal ulceration

and anal ulceration. >°

The efficacy of nicorandil in the management of patients with angina was investigated in
the Impact of Nicorandil in Angina (IONA) study.*>*® This was a randomised double-
blind, placebo controlled trial. Over 5000 patients randomly assigned for either nicorandil
(20 mg twice a day) or placebo. Patients were followed up for approximately 36 months in
order to identify whether nicorandil could reduce the incidence of coronary events in
patients with stable angina and additional risk factors. It was reported that nicorandil
significantly reduced the primary end points (incidence of fatal CHD, non-fatal myocardial
infarction or unplanned hospitalisation for cardiac chest pain) compared to placebo group

from 15.5% to 13.1% (Hazard ratio [HR] 0.83; 95% CI 0.72-0.97; p=0.014).8"*

The efficacy of nicorandil in comparison to amlodipine in improving angina symptoms
was examined in a double blind study (Study of Women's Health Across the Nation
(SWAN) study).” Patients were randomised to receive either nicorandil (10mg/twice a
day) or amlodipine (5mg/day) for 8 weeks, then after 2-4 weeks according to the patient’s
clinical condition the doses were increased to 20 mg twice a day for nicorandil and 10 mg/
day for amlodipine, respectively. In both groups time to onset of ST segment depression
was increased (from 4.7 to 5.1 for nicorandil, and from 5.1 to 5.7 for amlodipine), though it
was not statistically significant in the nicorandil group. In addition, time to onset of angina
was increased significantly (5.2 to 6.1 per minutes for nicorandil, and 5.6 to 7.0 per

minutes for amlodipine).”
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Other antianginal drugs
Ivabradine

Ivabradine is a new heart rate lowering drug which has selective and specific inhibitor
effects on Ifchannel in the sino-atrial node (SAN) pacemaker current. This effect leads to a
reduced heart rate at rest or during exercise. Patients with stable angina who cannot

tolerate B-blocker can alternatively use ivabradine.””®

The safety and efficacy of ivabradine was demonstrated in a randomised double blind
placebo controlled trial.””**' In this study 360 patients with stable angina were
randomised to receive one of three doses of ivabradine (2.5, 5 or 10 mg twice a day) or a
placebo. After two weeks of ivabradine use, there was a significant reduction in heart rate
for all doses compared to the placebo (p<0.05). Furthermore, the time to 1 mm ST segment
depression during exercise tolerance test (ETT) significantly increased in the ivabradine
Smg and 10mg doses compared to placebo. Ivabradine reduced the frequency of angina

and the use of short acting nitrates.

A randomised double blind controlled trial,”® including 939 patients with stable angina to
compare ivabradine efficacy atenolol. Patients were randomised to receive one of the
following regimens: ivabradine 5 mg twice daily for 4 weeks followed by ivabradine 7.5
mg twice daily for 12 weeks. Ivabradine 5 mg twice daily for 4 weeks followed by
ivabradine 10 mg twice daily for 12 weeks, or atenolol 50 mg once daily for 4 weeks
followed by atenolol 100 mg once daily for 12 weeks. At 16 weeks, patients who were
assigned to receive ivabradine 7.5 mg twice daily and 10 mg twice daily had a mean
increase of time to limiting angina of 91.8 +/- 131.1 s and 96.9 +/-121.1 s, respectively, at
trough drug concentrations, versus 85.4 +/- 133.7 s for atenolol 100 mg once daily
(P<0.001 for noninferiority of ivabradine). The efficacy of ivabradine relative to atenolol

was also established for time to angina onset (P<0.001 for noninferiority).

A placebo-controlled randomised trial” assessed the frequency of angina attacks at the end
of an open label phase. Hundred and sixty one patients with stable angina were assigned to
ivabradine 10 mg twice daily for 3 months, then they were blindly randomised for two
weeks to receive one of the following regimens: ivabradine 2.5 mg twice daily, ivabradine
5 mg twice daily, ivabradine 10 mg twice daily, or a placebo. At the end of this 3-month
period, the number of angina attacks per week was significantly lower than at baseline,

decreasing from 4.14 +/- 5.58 attacks per week to 0.95 +/- 2.24 attacks per week
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(P<0.001). The consumption of short-acting nitrates decreased from 2.28 +/- 3.74
tablets/week to 0.50 +/- 1.14 tablet/week (P<0.001) during the same period. In a
subsequent 1-week withdrawal period following the 3-month open-label phase, angina
attack frequency increased by 0.74 +/- 1.95 attacks per week for patients assigned to the
placebo (P=0.067).

Angiotensin converting enzyme inhibitor (ACEI)

The beneficial effect of ACEls in patients with HF and MI has been proven in a number of
trials, however, the benefits of ACEIs in patients with CHD is conflicting.”® Six
randomised controlled trials of patients with CHD and preserved left ventricular systolic
function were combined in a meta-analysis. Approximately 33,500 patients with CHD
were randomised to ACEI or placebo. Patients randomised to ACEI showed a decrease in
cardiovascular mortality (RR 0.83; 95%CI1 0.72-0.96, p=0.01), non-fatal MI (RR 0.84, 95%
CI0.75-0.94, p=0.003).”*

The heart outcomes prevention evaluation (HOPE) study randomised 9297 high risk
patients who had evidence of vascular disease or diabetes with one other cardiovascular
risk factor and without evidence of left ventricular dysfunction or HF, to ramipril
10mg/day or placebo. The ramipril group significantly reduced the risk of death, had MI or
stroke compared to the placebo (RR 0.78; 95%CI 70-86, p<0.001).”> In EUROPA,® there
was a randomised control trial, in which patients with stable CHD were randomised to
perindopril or placebo. Perindopril significantly reduced the composite outcome for
cardiovascular mortality, non-fatal MI and resuscitated cardiac arrest (RR 0.80, 95% CI 9-

29, p=0003).

In contrast, two studies showed no benefit of ACEI in patients with stable CHD. The
quinapril ischaemic event (QUIET) and PEACE trials randomised patients with stable
CHD to quinapril and trandolapril or placebo, respectively.””*® Compared to the placebo,
these studies did not show significant difference in the rates of death due to cardiovascular

causes, non-fatal MI, coronary revascularisation.

Lipid lowering drugs “statins”

Lipid lowering drugs reduce the risk of atherosclerosis.****'%

The European guidelines
suggest commencing a statin therapy in patients established CHD with total cholesterol
level >4.5 mmol/L, and LDL cholesterol >2.5 mmol/L.** The Heart protection study

(HPS),'" randomised patients (with coronary disease, other occlusive arterial disease or
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diabetes) to simvastatin 40mg/ day or a placebo. HPS demonstrated that simvastatin
significantly reduced coronary mortality rate by 18% (5.7% vs. 6.9%, p<0.001), and also
reduced the rate of a major coronary event including non-fatal MI and coronary death (RR

0.73;95% CI10.67-0.79, p<0.0001).

In a large meta-analysis of 14 randomised trials that included patients with stable angina,'*

there was a 19% reduction in coronary mortality (95% CI 0.76-0.85, p<0.0001), and
reduction in MI or coronary mortality (RR 0.77; 95%CI 0.74-0.80, p<0.001) with statin
therapy.

Antiplatelet therapy

In a large double blind trial, Swedish angina pectoris aspirin trial (SAPAT),'” 2035
patients with stable angina were randomised to receive aspirin 75mg/ day or placebo.
Patients were followed-up approximately for more than four years. Compared to the

placebo group, aspirin reduced the composite outcome for cardiovascular event including

MI and sudden death (RR 0.66; 95%CI 24-49, p=0.003).

A meta-analysis for randomised control trials,'™ included 135000 patients with CVD
including angina. It involved 287 randomised trials and aspirin was the most studied
antiplatelet therapy. The use of antiplatelet therapy reduced the serious vascular events
include non-fatal MI, non-fatal stroke and vascular mortality. Other meta-analysis of six
randomised trials for patients with stable CVD showed that aspirin reduced the risk of
cardiovascular events including non-fatal MI, non-fatal stroke, and cardiovascular death

(RR 0.79; 95% C1 0.76-0.98).
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1.3.2 Myocardial Infarction (MI)

1.3.2.1 Evidence based pharmacotherapy in secondary prevention in MI

Patients with an acute MI are at high risk of recurrence or other cardiovascular events
including cardiovascular death. Recurrence of MI within one year is between 8 and
10%.%*¢" Several groups of medications can be used to help prevent recurrence and death.
These medications include antiplatelet agents (aspirin or clopidogrel), ACE inhibitors or
ARBs, B-blockers and statins.'” "%’ The effectiveness of these medications has been

established in large randomised clinical trials.
Antiplatelet therapy

It is recommended that all patients post MI be prescribed an antiplatelet agent. A large
meta-analysis of 25 trials demonstrated that antiplatelet agents reduced the risk of death
and re-infarction by 25% post-ML %1% At three years follow up, in the 1410 patients with

MI included, aspirin reduced the incidence of new coronary events by 52%.'"

In the Clopidogrel versus aspirin in patients at risk of ischaemic event (CAPRIE) trial''®'"!

compared to aspirin, use of clopidogrel was associated with 8.7% relative risk reduction
(95% CI 0.3-16.5 p=0.043) in ischaemic stroke, MI, or vascular death. Clopidogrel had a
similar safety profile to aspirin, therefore, clopidogrel is considered as a suitable alternative

for aspirin in patients who are intolerant of aspirin.

In the randomised control trial, Clopidogrel in Unstable angina to prevent Recurrent Event
(CURE),'"? 12,562 patients with unstable angina or ST elevation MI to placebo or
clopidogrel, in addition to different doses of aspirin. Patients were followed up from three
months to a year. Compared to the placebo, the clopidogrel group had a significantly lower

risk of cardiovascular death, MI or stroke (RR 0.8; 95% CI 0.72-0.9, p<0.001).
Beta blocker

The initiation of a B-blocker post-MI is strongly recommended on the basis of several
pieces of evidence. Several trials and meta-analyses support the use of B-blockers due to
their ability to reduce all-cause mortality, re-infarction and sudden cardiac death post
ML Two trials were particularly instrumental in establishing the use of B-blockers. In the
B-blocker heart attack trial (BHAT) patients were randomised to propranolol or placebo.
Mortality was reduced by 26% in the propranolol group compared with placebo (p<0.05),

and re-infarction by 23% within a 2 year follow up.''*'"” The Norwegian Multicentre
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Study (NMS) showed that compared with placebo, timolol associated with a 31%
reduction in mortality in patients <65 years and a 43% reduction in patients aged 65-74
years.'”""7 A meta-analysis of 31 trials found that initiation of B-blockers in patients post-

MI reduced the odds of mortality by 23% in comparison to placebo.''®
Angiotensin converting enzyme inhibitors (ACEI)

A number of trials have established strong evidence for adding an ACEI to the
management of patients following a MI. These trials have shown that ACEIs reduce

mortality post-MI, MI recurrence and the development of heart HF.'*'"?

In the Survival and Ventricular Enlargement (SAVE) trial,'*°

patients with left ventricular
ejection fraction (LVEF) < 40% were randomised to receive captopril (50mg three times a
day) or placebo. Captopril significantly reduced all-cause mortality by 19% (95% CI 3-32,
p=0.019), cardiovascular mortality by 21% (95% CI 5-35, p=0.014), and reduced the risk

of progression to severe HF by 36% (p<0.03).

121

In the Acute Infarction Ramipril Efficacy (AIRE), = patients with evidence of HF after MI

were assigned to either ramipril (Smg twice a day) or placebo. Ramipril significantly
reduced the risk of death (RR 0.73; 95% CI 11-40, p=0.002) and the risk of the composite
endpoint of death, reinfarction, severe HF or stroke (RR 0.81; 95% CI 5-31, p=0.008).

The Trandolapril Cardiac Evaluation (TRACE) study,122 randomised patients who had a
MI with evidence of left ventricular systolic dysfunction (LVSD) to receive trandolapril
(4mg/ day) or placebo. This study demonstrated that trandolapril reduced mortality by 22%
(95% C1 0.67-0.91, p=0.001) and there was a 25% (95% CI 0.63-0.89, p=0.001) reduction
in the risk of cardiovascular mortality. The relative risk reduction of recurrent MI was not

significant (RR 0.86; 95% CI 0.66-1.13, p=0.29).

The effect of an ACEI post-MI in patient without HF or LVSD was assessed in the GISSI-
3 trial.'” In this trial approximately 20000 patients were assigned to receive lisinopril
(10mg/day or open control for 6 weeks follow up). Lisinopril was associated with a

significant reduction in overall mortality (OR 0.88; 95%CI 0.79-0.99).

In the ISSI-4 trial '** patients were randomised to captopril at a target dose (50mg twice a
day) or placebo. Treatment was initiated within the first 24 hours post MI. Captopril
reduced mortality by 7% in the first five weeks.
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In a randomised double blind trial,'** patients who had experienced MI and complicated by
HF or left ventricular dysfunction were randomised to receive valsartan (angiotensin
receptor blocker “ARBs”), or captopril (ACEI), or both drugs. Patients were approximately
followed up for 24 months. This study showed that valsartan is as effective as captopril in
patients with high risk of cardiovascular events post MI. Compared to the captopril group,
the hazard ratio [HR] for all causes of death in the valsartan group was 1.00 (97.5% CI
0.90-1.11; p=0.98). Furthermore, there was no difference in the mortality rate due to

cardiovascular cause, reinfarction, or hospitalisation due to HF (p=0.2).
Lipid Lowering drugs — “Statins”

Dyslipidaemia is one of the major modifiable risk factors that increases the risk of CHD.'?®
Improvement in CHD mortality and morbidity was demonstrated in several clinical

trials.'"”

The Scandinavian Simvastatin survival study (4S) '* included 4444 men and women with

angina or acute MI who had elevated cholesterol concentrations (5.5-8.0 mmol/L).
Patients were randomised to receive placebo or simvastatin (20mg/day). Simvastatin
reduced all-cause mortality (HR 0.70; 95% CI 0.58-0.85, p=0.0003). Simvastatin also
reduced the risk of major coronary events including coronary death, non-fatal MI, silent

MI, or resuscitated cardiac arrest (HR 0.66; 95% C10.59-0.75, p<0.0001).

The long-term intervention with pravastatin in ischemic disease (LIPID) study,'*® assessed
the effect of pravastatin (40mg/ day) in reducing mortality in patients with CHD (acute MI
or hospitalisation due to unstable angina). In a double-blind randomised design study, 9014
patients were followed up for six years. Patients’ cholesterol levels ranged from 4-7
mmol/L and they all had a history of MI or hospitalisation for unstable angina. The
primary end point was mortality from CHD. The relative risk reduction of death due to
CHD with pravastatin was 24% (95% CI 12-35; p < 0.001), and for all-cause mortality was
22% (95% CI1 13-31, p < 0.001).

The Cholesterol And Recurrent Events (CARE) '* study recruited 4159 patients (3583
men and 576 women) post-MI who had a plasma total cholesterol level below 6.2 mmol/L
and LDL levels of 3-4.5 mmol/L. Patients were randomised to pravastatin (40mg/ day) or
placebo. The primary end point, which was a fatal coronary event or a nonfatal MI,

occurred in 10.2% of the pravastatin group and in 13.2% of the placebo group, an absolute

difference of 3% and a 24% relative reduction in risk (95% CI 9-36, P = 0.003).
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Summary

CHD is a major public health problem and constitutes the majority of mortality due to
cardiovascular diseases. A number of pharmacotherapies have been shown to reduce
morbidity and/or mortality in patients and are therefore recommended in guidelines

published by the major cardiovascular societies and guideline groups.'>!07!1%:130
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1.3.3 Peripheral arterial disease (PAD)

1.3.3.1 Evidence based pharmacotherapy in secondary prevention in PAD

In the management of PAD the control of atherosclerotic risk factors is important to slow
progression. As PAD is associated with further cardiovascular events such as MI and
stroke the goal of pharmacological therapy in PAD is to reduce the risk of a further CVD

event as well as reducing the risk of death."""**

Pharmacological treatment of intermittent claudication

One of the aims of the treatment of PAD, particularly in those with intermittent
claudication, is to improve a patient’s quality of life. A number of drugs are said to

improve symptoms and these include cilostazol, naftidrofuryl and pentoxifilline.

Cilostazol

Cilostazol is a 2-oxoquinolone derivative, selective inhibitors for the phosphodiesterase 111
with antiplatelet, vasodilator and antithrombotic effects. It is mainly used for PAD to
improve walking distance. It is contraindicated in patients with HF, and can cause

tachycardia and palpitations as side effect.'”

Four randomised controlled trials have demonstrated that walking distance in patients with
intermittent claudication improved when they were treated with cilostazol.**"*” Walking
distance improved with cilostazol from 40% to 60% compared with placebo after 12 to 24
weeks of treatment.'”>'*® A meta-analysis of six trials which compared cilostazol to
placebo showed that maximal treadmill walking distance improved significantly among
cilostazol group (p<0.0001).138 A meta-analysis of 8 randomised placebo control trials
showed that cilostazol significantly (p<0.05) improved the maximal walk distance by 50%

and pain-free by 67% compared to placebo.'*’
Naftidrofuryl

Naftidrofuryl is a vasodilator drug use to improve walking distance in patients with
intermittent claudication. It is a selective serotonin “SHT2” receptors antagonist in the

smooth muscle cell which may lead to vasodilation in the peripheral circulation.'**'*!

Naftidrofuryl has been shown to improve pain-free treadmill walking distance, however

the maximum distance does not improve.'*'** A meta-analysis of five studies with a total
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of 888 patients showed that naftidrofuryl significantly (p<0.002) increased pain-free
walking distance by 26% compared to the placebo.'*

Pentoxifilline (Oxpentifylline)

Pentoxifylline acts through increasing red blood cell flexibility which may contribute to
improving blood flow via blood vessels, also decreasing the potential of platelet and

thrombus formation.'*®

In a meta-analysis pentoxifilline showed no significant effect compared to the placebo in
increasing maximal treadmill walking distance. Therefore its clinical effectiveness in the

management of intermittent claudication is considered marginal.'*”-'*®
Angiotensin converting enzyme inhibitors (ACEI)

ACEIs have been widely studied in CHD but they also reduce morbidity and mortality in
patients with PAD. The Heart Outcomes Prevention Evaluation (HOPE) study'®
demonstrated that ramipril reduced the risk of MI, stroke or cardiovascular mortality in
patients with symptomatic PAD by approximately 25%.'**'** The double blind ongoing
telmisartan alone and in combination with ramipril global endpoint trial (ONTARGET),""
randomised patients who were at high risk of vascular events, including PAD, to
telmisartan (ARBs), ramipril (ACEI) or both drugs. The difference between the two groups
was not significant for the primary outcome including cardiovascular death, MI, stroke, or

hospitalisation due to HF (RR 1.01; 95% CI 0.94-1.09, p=0.83).
Beta blocker

B-blockers have been shown in many randomised trials to reduce the risk of death due to
CVD. However, it is considered to be controversial to prescribe a B-blocker for patients
with PAD."*"® This issue arose after a number of case reports that use of p-blockers
worsened claudication.'>* There is no evidence from randomised trials showing that B-
blockers negatively affect walking distance in patients with PAD. In contrast, a few
randomised trials were conducted and showed that B-blockers had no affect on walking
distance.”'*> Eleven randomised control trials were combined in a meta-analysis.'> It
demonstrated that B-blockers are not associated with worsening walking distance or
symptoms of intermittent claudication in patients with mild to moderate PAD. A meta-
analysis of 6 randomised control studies found that B-blockers (atenolol, propranolol,
pindolol and metoprolol) did not adversely affect walking distance in patients with

intermittent claudication.'®
48



Lipid Lowering drugs — “Statins”

Lipid lowering therapy, mainly through statins, has been shown to reduce the onset of PAD
and reduce vascular events in those with PAD. In the Scandinavian Simvastatin Survival
Study (4S)"*’ simvastatin reduced the frequency of new intermittent claudication in
patients post-MI or with angina from 3.6% for placebo to 2.3% with simvastatin. '**'*®
Furthermore, compared to patients who received a placebo, simvastatin was associated
with lower relative risk of new or deteriorating intermittent claudication (RR 0.6; 95%CI
0.4-0.9)."*"° The Heart Protection Study (HPS)'® randomised a wide range of patients
with CVD, including those with PAD, to either simvastatin or placebo. Simvastatin was
associated with 22% relative risk reduction (95% CI 15-29, p<0.0001) in vascular events

(non-fatal MI, coronary death, stroke, coronary and non-coronary revascularisation) in the

subgroup of individuals with PAD.
Antiplatelet therapy

Antiplatelet therapy reduces the risk of thrombus formation which consequently reduces
further vascular events including PAD. In large randomised controlled trial, aspirin alone
or in combination with dipyridamole reduced progression of established PAD.'®' A
systematic review of randomised controlled trials demonstrated the efficacy of antiplatelet
drugs in high risk patients. Among patients with PAD, antiplatelet drugs reduced the risk
of serious vascular events (non-fatal MI, non-fatal stroke, or vascular death) by 23%
(p=0.004)."*'* In the subgroup analysis of the CAPRIE trial,""* clopidogrel was more
effective than aspirin in reducing ischaemic events in patients with symptomatic PAD, a

relative risk reduction of 23% (95% CI 8.9-36.2, p=0.0028).

Summary

In the secondary prevention of CVD in patients with PAD, ACEI/ARBs, B-Blockers,
statins and antiplatelet agents are all recommended. Cilostazol and naftidrofuryl are

recommended to reduce intermittent claudication symptoms in those with PAD.
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Summary

A large number of clinical trials and meta-analyses have examined the use of a number of
pharmacotherapies to reduce morbidity and/or mortality in patients with MI, angina and
PAD. While each of these diseases occurs as a result of atherosclerosis of the arteries, not
all drugs reduce morbidity and mortality in all groups. However, a consistent group of
antiplatelet agents, B-blockers, ACEI/ARBs and statins emerges from the evidence. This
combination of drugs is a core set of drugs that patients with angina, post-MI or with PAD
should be taking. I will now go on to explore the pharmacoepidemiology of each of these

drugs in patients with angina, post-MI or PAD.
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1.4 Adherence and compliance

99 ¢

“Compliance” “adherence” and “concordance” are the three different terms used to
describe the patient behaviours in using their medications after a diagnosis with a chronic
disease such as MI. Following closely and correctly all the therapeutic indications
prescribed by health care providers such as physicians is known as compliance which
eventually means “the extent to which patients are obedient and follow the prescriber’s
recommendations”.'®"% To be defined as a “compliant patient”, the patient has to
accurately follow the directions for taking the medication and should adhere to any special
instructions provided by the prescriber and/or pharmacist. The compliant patient takes
medication at the appropriate strength, in the correct dosage form, at the requested time of
day and night within the proper interval for the treatment period. Medication adherence,
however, reflects an agreement between patient and prescriber (such as health care
providers). This agreement mainly sets out the recommendations by the prescriber in terms
of the extent to which patients take medications, the way that is agreed upon in the

treatment plan.'®'%7 As

compliance” suggests that the patient is passively following the
prescriber’s orders and that the treatment plan is not based on a therapeutic alliance or
contract established between the patient and the physician, the word ‘“adherence” is

preferred by many health care providers.'®

The patient’s agreement to the
recommendations is an essential requirement in adherence which is not the case in
compliance.'®® “Concordance”, is a fairly recent term used in the UK and it is sometimes
incorrectly used as a synonym for adherence. The definition of this term has changed over
time from one which focused on the consultation process (where therapeutic decisions are
agreed between a doctor and patient incorporating the latter’s views) to a more detailed

concept which includes patient support in medicine taking.'®*

A number of behavioural and system factors influence a patient’s adherence to therapy.
Living alone, low socioeconomic status, higher number of medications taken, higher
medication costs, lack of prescription drug coverage by insurance plans in other health care
systems, higher number of physicians caring for a patient, depression, cognitive
impairment, treatment of asymptomatic disease, side effects of medications, complex
treatment regimens, and financial issues have been considered as risk factors for poor
adherence. Moreover, some other common modifiable predictors of poor adherence have
been identified. These include treatment complexity, polypharmacy, cost and duration of

165,169-172

medication regimen (for acute conditions). These factors are all pertinent for
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patients with CVD who are often elderly, with multiple comorbidities and are prescribed

many medications for the rest of their life.

In developed countries, an average of 50% adherence to therapies has been described by

168,173,174 patients with CVD are commonly non-adherent

extensive reviews of the literature.
to medications. In their study, Jackevicius et al.'” found that approximately 24% of
patients did not even fill their cardiac medications by day 7 of discharge following an acute
MI. Furthermore, one study found that within one month around 34% of patients
discharged after a MI had stopped at least one of their prescribed aspirin, statin or -
blocker and 12% had stopped all three medications.'”>'”® These findings have been

1."7 reported that at 6-9 months after a diagnosis of CHD,

replicated by others, Newby et a
only 71% continued to take aspirin, after a MI less than half of patients (46%) continued to
take B-blockers, 44% lipid-lowering agents, and only 21% took all 3 medications. In
another study, only 40% of patients have been shown to continue taking statins two years

URTINP 176,178
after a hospitalisation for acute coronary syndrome. ™

Due to the serious consequences of poor adherence to long term therapies, it is an
important issue in the management of chronic conditions. The consequences include
worsening of the underlying disease, higher mortality, and greater health care costs.'®>'¢"
1% Although many causes have been identified for non-adherence, they generally fall into
two categories: intentional and unintentional. Unintentional non-adherence occurs when
some barriers, that are beyond the patient’s control, prevent patients from following the
agreed treatment plan. Examples of these include instructions which are difficult to
understand, poor recall of instructions or medication plan, problems with using the
treatment such as physically administering the medication e.g. coordinating using a spray
or inhaler, cost, or simply forgetting to take it. Intentional non-adherence, however, occurs

when the patient deliberately decides not to follow the treatment recommendations.'®

Medication adherence can be assessed by direct and indirect methods. In direct methods,
patients can be observed in terms of taking medications, “direct observed therapy”, and
drug or metabolite concentrations and biological markers can be measured in the blood or
urine. For some drugs, using the direct methods is a satisfactory and commonly used
means of assessing adherence. For instance, the serum concentration of antiepileptic drugs

such as phenytoin or valproic acid can be assessed using these methods as subtherapeutic
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levels will probably reflect poor adherence or suboptimal dose strengths.'® The drawbacks

of direct methods include costs and susceptibility to distortion of samples by the patient.

In indirect methods, however, patients can be asked about the ease of taking their
prescribed medications, or their diaries can be reviewed. In addition, the indirect methods
can utilise prescription refill rates, pill counts, assessing clinical response, monitoring for
clinical response, electronic monitoring devices, and collecting patient questionnaires,
scales or surveys.'®>'® The most common method used to measure adherence is pill counts
which involve counting the number of pills that remain in the patient’s medication bottles
or vials. This method is simple but it carries some drawbacks. For instance, medicines can
be switched between bottles and pills can be discarded by patients before visits to
demonstrate adherence to the treatment regimen. For these reasons, the reliability of this
method is questionable and this technique should not be considered as a satisfactory tool

- 179-182
for measuring adherence.

In a health care system where there is no cost barrier to prescriptions (e.g. the NHS in
Scotland or the Department of Veterans Affairs Health Care System in the USA, or other
countries with universal drug coverage), rates of refilling of prescriptions has been
considered as an accurate measure of overall adherence. Measuring the cashing of
prescriptions at several points in time, however, is an essential factor for the reliability of
this method."™™'® Readily available objective information on rates of refilling
prescriptions can be obtained by using a medical system that utilises electronic medical
records. In addition, patient’s responses to direct questions or on questionnaires can be

corroborated using this method.

The time of opening bottles, dispensing drops (as in the case of glaucoma), or activating a
canister (as in the case of asthma can be precisely recorded by electronic monitors. These
expensive techniques have been used for approximately 30 years.'®'*1%® A precise and
detailed insight into patients’ behaviour in taking medication can be obtained by these
indirect methods of measuring adherence. Although this approach provides the most
accurate and valuable data on adherence in difficult clinical situations and in the setting of
clinical trials and adherence research, it, however, does not document whether the patient
actually ingested the correct drug or correct dose.'™ ' For instance, the data may be

invalidated by opening a container and not taking the medication, taking the wrong amount
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of medication, placing the medication into another container or taking multiple doses out

of the container at the same time.

Adherence and compliance are therefore a major issue in CVD but difficult to accurately
quantify in routine practice and therefore overcome. Using pill boxes and calendars are
some of the more basic methods that have been used to improve adherence. Patient

education and outreach are the most effective methods of improving adherence.'®"'*

193 but non-adherence is still

Giving free access to medications can help to a certain degree
common in those countries with little or no cost medication.'™* Therefore, non-adherence
remains an issue that will require concerted efforts to overcome. It must be borne in mind
as I discuss prescribing trends that most studies report prescribed therapies and on the basis
of studies quoted above the proportion actually taking the drug on a regular and ongoing

basis will be lower.
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2.0 The Prescribing of Evidence Based Pharmacotherapy in
CVD

2.1 The risk-treatment paradox

The treatment of chronic diseases such as CVD has been determined by the results of
multiple randomised controlled clinical trials. This evidence is collected and assessed by
professional groups such as the European Society of Cardiology, the American College of
Cardiology and American Heart Association, and collated into guidelines that summarise
the evidence into a form accessible to clinicians."” These guidelines make
recommendations as to what medications should be prescribed in various conditions.
Adherence to these guidelines is associated with better outcomes.'” It has been
demonstrated in numerous studies that the absolute benefits of evidence based therapies are
highest in the patients at highest risk of morbidity and mortality. Patients may be at higher
risk due to the presence of comorbidities, age and disease related factors e.g. size of a
ML'® Therefore, more aggressive intervention may be needed in the highest-risk
patients.”” However, multiple studies have shown that these high-risk patients are less
likely to receive appropriate medications and therapies to reduce risk and if they do receive

198-201

them they may do so at a lower dose. This phenomenon is referred to as the “risk-

treatment paradox”.

The risk-treatment paradox has been consistently described.'*®****® McAlister et al.’®
reviewed 3871 patients diagnosed with CHD by coronary angiography at three cardiac
centres in Alberta between February 2004 and December 2005 and defined them as being
at low, medium or high risk on the basis of coronary anatomy. They reported that high risk
patients were less likely to be prescribed ACEI, 44.5% high risk vs. 55.6% low risk (OR
0.64; 95% CI, 0.51-0.81). Even after adjusting for sociodemographic factors the risk-
treatment paradox was still evident (OR 0.66; 95% CI, 0.52-0.84).

Some factors such as older age, greater likelithood of comorbidities, and later presentation
after symptom onset have contributed to this risk-treatment paradox in women.*"*
However, as noted, even eligible patients are at risk of the risk-treatment paradox. In
general, clinicians preferentially initiate treatment in low-risk individuals compared to
higher risk patients. Clinicians tend to overestimate risks of preventative treatments and
underestimate the benefits of preventative treatments.”**** This difference is thought to

198,200,206-210

be partly responsible for the risk-treatment paradox. Therefore creating and
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adhering to guidelines may be one method by which to reduce this paradox and evidence

suggests that involvement in guideline initiatives may reduce the paradox."’

The risk-paradox remains important for clinicians and patients but also for researchers. For
clinicians and patients, avoiding the paradox is crucial as absolute benefits of therapy are
greatest in those patients at the highest baseline risk. For researchers, drawing conclusions
about treatment effects on the basis of associations between treatment and outcomes needs
to be done with care in observational data as the risk-treatment paradox is an important

confounder in these studies.'”’

2.2 Literature search

This literature review examines the pharmacoepidemiology of each of the therapies used in
the prevention and treatment of MI, angina and PAD. I will focus on studies describing the
prescribing inequalities of EBTs after MI, angina, PAD for sex, age, socioeconomic status
and comorbidities. Furthermore, 1 searched for literature surrounding the trends in
prescribing of EBTs. Search dates were not restricted to ensure that all articles describing

trends over time were found.

The following databases were searched: Medline, EMBASE, Web of Knowledge and
Google scholar (which searches conference proceedings). The search strategy was
constructed using different key words including evidence based therapies, factors,
prescribing, diseases and comorbidities, the full search strategy is given in Appendix 1.
Appropriate synonyms were also used, for example gender, male, female, men and women
were all used when searching for literature on sex differences. The grey literature was
searched using the terms “prescribing inequalities”, or “prescribing trends” and MI, angina
or PAD. Studies that examined invasive therapy such as percutaneous coronary
intervention (PCI) and that did not include pharmacological therapy were excluded. A
secondary search from the reference list of selected papers was reviewed and citation
checks carried out to identify more related articles. Abstracts were excluded as a full
assessment of the methods and potential biases of observational data is not possible for the
limited information of an abstract. The literature search strategy was checked by the
Medical, Veterinary and Life Science (MVLS) librarian. The number of studies that were
identified and excluded at each stage of the review are presented in a flow diagram in
Appendix 2. The reporting quality of observational studies was assessed using the

Strengthening the Reporting of Observational studies in Epidemiology (STROBE). The
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STROBE statement checklist consists of 22 items in a paper on epidemiological studies
and defines appropriate reporting details. The statement covers reporting of results and also
other aspects such as the title, abstract, introduction, methods and discussion. In this study
the STROBE statement was used to assess each reviewed study and a score out of 22 was
calculated for each study report. This score and assessment forms the basis for the

discussion about the methods and results of the studies found in the literature review.

2.3 Evidence based therapies (EBTs)

Evidence based medicine has been defined as a conscientious, explicit and judicious use of
current best evidence in making decisions about the care of individual patients.*'* Part of
this decision making process is selecting appropriate pharmacotherapies that have been
shown to improve outcomes in randomised clinical trials. While prescribing of evidence
based therapies (EBTs) has improved over time, many studies suggest that there is
suboptimal use of these medications among patients diagnosed with CHD and PAD. The
prescribing of EBTs is influenced by many factors. A number of studies have demonstrated
that inequalities in prescribing exist. I will discuss the literature examining differences in
prescribing of EBTs for CHD, MI, angina and PAD by age, sex, socioeconomic status,

calendar year and the presence of comorbidities.
2.4 Inequality in prescribing of EBTs for CHD

2.4.1 Inequalities by age in prescribing of EBTs for CHD

Unadjusted analyses

A number of studies demonstrated that older patients with CHD are less likely to receive
EBTs for secondary prevention. This association has been reported in different studies
from a number of countries (Table 1, unadjusted studies). The majority of unadjusted
analysis studies reported that older people are less likely to be prescribed EBTs for
secondary prevention. Three studies reported that aspirin was prescribed more frequently

213-215

for younger patients. However, one small study2 14 reported that older women were

more likely to be prescribed aspirin than younger women (66.7 vs. 51.9%), suggesting an
interaction between age and sex. This interaction, however, was not confirmed, as no
statistical analyses were carried out. The majority of unadjusted studies reported that older
patients were more commonly prescribed ACEIs or ARBs than younger patients.”'*'
Prescription rates for B-blockers were generally higher among younger than older patients.

214

However, one study” " of 802 patients reported that older patients were prescribed B-
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blockers more often than younger patients (80.4 vs. 79.8%, for men, 88.9 vs. 59.3%, for
women), with this sex difference again suggesting an interaction. Statins were more often
prescribed for younger than older patients.”'**'® Few studies examined age inequalities in
prescribing of CCBs. Two unadjusted studies reported that CCBs were more commonly
prescribed for older patients.”'**'> Two studies reported that older patients were more often

prescribed nitrates than younger patients.*'>*'*

Adjusted analyses

Age related prescribing inequalities were also demonstrated in a number of studies in
adjusted analyses. Younger patients were more likely to be treated with aspirin than older
patients.”'”**! Two studies, however, have reported that older age was associated with a
higher odd of being prescribed an antiplatelet agent (aspirin or clopidogrel) and aspirin
alone.”*** The study by Salomaa et al.*** was the only study to show that the prescribing
of ACEI was higher in older patients compared with younger (odds ratio (OR) 1.19; 95%
confidence interval (CI) 1.15-1.24). All adjusted analyses reported that B-blockers were
more frequently prescribed for younger as opposed to older patients.*******® Younger
patients were also more likely to be prescribed a statin.**'******* In the only adjusted
study examining the association between age and the prescription of CCBs, the authors
have adjusted for sex only and found that older patients were less likely to receive CCBs

(OR 0.86; 95% CI 0.77-1.00).%*°

A number of studies examined the relationship between age and the prescribing of EBTs
following a diagnosis of CHD. In different observational study designs, the majority of
previous studies agreed that older age groups were less likely to have received EBTs
compared to younger age groups (Table 1). These studies, however, were limited by a
number of factors including study design, data collection methods, and/or statistical

methods.

Limitations in the reporting of the literature

The STROBE scores for literature that described the association between age and
prescribing of EBTs ranged from 45% to 73% (Table 1). While study design was
mentioned in the majority of abstracts, this wasn’t the case in a few studies, where no study
design was evident in the title or abstract.”'>****2¢22722 Moreover, a number of studies did
not clearly define the background, objectives, study design, methods results and

conclusions in the abstract.>****#272% Aythors should state clear specific objectives to
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clarify what is to be achieved by the study, the rationale of the study design and methods,
statistical analysis and results. While most studies stated their objectives clearly, three
studies did not.*'*?'®*?* One study did not describe the study design in the methods.**
Furthermore, a few studies did not describe those who participated in their studies, or did

not clearly define the variables used or the data sources utilised.?'**!¢-%272%

Potential bias is one of the most important factors that may influence the results of an
observational study. The STROBE guidelines state that biases should be identified and
reported. I will discuss the biases below but only one study** discussed potential sources
of bias. Although a number of studies were associated with potential biases, the authors,
however, did not describe them either in the methods or limitations.”*'*** Two studies
poorly described the methods that they used to examine age-related association in
prescribing EBTs.”?"**® Reid et al.**® did not explain how the data on EBTs prescriptions
were obtained and what were the variables of interest. DeWilde et al.**’ did not describe
the study design clearly, and were not clear on how they obtained EBT prescriptions for
analysis. In addition, most studies did not describe any sensitivity analyses, subgroup

analyses, or interactions.

Five studies did not report the final number of eligible patients that were included in
theanalyses.?'*2'0218223:228 The characteristics of patients included were not described in
four studies, making it hard to judge the generalisability of the results.”'>**'*2*** A clear
and full presentation of outcomes including unadjusted results and results adjusted for
potential confounders can significantly help the reader to compare and judge the magnitude
and direction of the influence of the confounders. In seven studies, this was not performed
and no confounders were included.?'?2!0222223:225:226228 Linally 2 number of studies failed

to recognise and discuss their limitations, *'*21¢-22!223:223

Limitations in the design and analysis of studies included in the literature review
Observational studies are associated with a number of potential sources of bias. Bias in
observational research is a systematic deviation or error that can influence the validity of

the results.?%*!

It can occur at any stage of the research including study design, data
collection, patient recruitment and data analysis. Different types of biases are often found
in observational studies including selection bias, observer or measurement bias, recall bias,
and for systematic reviews and meta-analyses, publication bias.>***** Three studies were

limited by recall bias as prescribing of EBTs was obtained from patient self-
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. 214,219,228
reporting.” "

Furthermore, patient’s self-reporting of a diagnosis of CHD occurred in
two studies.?'”?** Self-reporting is less accurate than electronic records as it depends on a
patient’s memory to recall information and it is therefore potentially biased, as under-
reporting may occur.”**** Thus, data obtained from electronic records or case notes should
be more accurate than self-reported data. Four studies were limited by selection
bias.?2!#22224225:227 Qelection bias occurs if there is a systematic difference between the
subjects enrolled in a study and those who were not.””> The sample is therefore
unrepresentative of the patient population in general. For instance, Salomaa et al***
excluded patients who died within 180 days, which could lead to a survivor bias and
selection of healthier individuals, on average, compared to the entire cohort who may have

222
.

been more likely to be prescribed EBTs. Similarly, Mathour et al.”** excluded patients who

did not tolerate drugs, therefore potentially excluding sicker patients. DeWilde ez al.**’
selected 142 out of 300 primary care practices that participated in a specific reporting
programme, with a potential overestimation in prescribing as patients were already in self-

selected practices that were more likely to have higher prescribing standards.

All previous studies were conducted using primary care data sets, secondary care data sets,
or single hospital study. Stable angina is commonly diagnosed in a primary care setting
based on patients’ presentation. This therefore might lead to the fact that diagnosing angina
in primary care is less valid when compared to diagnosing this medical condition in a
hospital setting. PAD is often diagnosed in primary care whereas MI is rarely first
diagnosed in primary care and most often presents to secondary care as an emergency
(excluding those who die suddenly). Therefore using primary care records to identify those

with MI may lead to under ascertainment bias.*****’

A number of studies were limited by the validity of the diagnoses of CHD. A number of
studies identified patients diagnosed with angina based on whether the patient was
receiving a prescription for nitrates and aspirin prescriptions.*>*****° Although these drugs
are commonly used for CHD, they also can be prescribed for other conditions where the
EBTs examined may not be indicated, thus potentially underestimating the prescribing

rates of EBTs.

Potential confounders including socioeconomic status, comorbidities, age and sex can
influence the prescribing of EBTs. They could influence the association between the

exposure and the outcome. This, therefore, will result in unadjusted results being less
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reliable compared to adjusted results. Although it is well known that socioeconomic status
is associated with poorer health outcomes and prescribing of EBTs, only three studies,

. . . . 219,222,223
however, adjusted their analyses for socioeconomic status.” =~

A number of other limitations were also identified in the literature. For example studies
were limited to examining one or two EBTs only.?'***” Although this may not affect a
study’s quality, examining prescribing for more EBTs provides a more complete overview
of how drugs are prescribed after a particular diagnoses. Using a general drug class such as
“lipid lowering drugs” may lead to overestimation of prescribing for recommended
secondary prevention drugs such as statins by including drugs that are not indicated or less
recommended such as fibrates. Three studies grouped “lipid lowering” drugs including

- S Lo g 213,222,224
statins to examine in the association between age and prescribing of EBTs.*!*#**

Finally,
a number of studies limited their analyses to specific age categories such as those over 64
years or those less than 75 years of age, limiting the generalisability of the

215,221,225,226,229
results.” e

In summary, there were a number of limitations in the literature surrounding the
association between age and the prescribing of EBTs in CHD. There was also a wide range
in the quality of reporting of studies as assessed by the STROBE guidelines. A few studies
achieved a quality score of over 70%. These studies, however, were associated with a
number of limitations that have already been discussed above such as selection bias and
small sample size. Although the studies by Salomaa et al.”** and Simpson et al.”* were not
the best reported studies, they did have a number of strengths over other studies such as
adequate sample size, a long period of study, wide range of medications and analyses
adjusted for different confounders. Despite the limitations of the literature, these studies
demonstrated that older patients are generally less commonly prescribed most EBTs than

younger patients.
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Table 1 Inequalities by age in prescribing of EBTs for CHD

Study Design /year Age Prescribing Medications Prescribing OR, 95% CI Adjustment P values / STROBE
range/subject percentage Old vs. young statistical Score (%)
Eldest vs. youngest significance
age group
Williams et al’’®  Cross-sectional >65 vs. < 65 From national ACEI Not reported 1.51 (1.41-1.63) Unadjusted Not reported 12/22
primary care Aspirin 0.92 (0.85-0.99) <0.001
Ireland prescribing data B-blockers 0.66 (0.62-0.71) <0.001 (54%)
1999-2000 N=15590 (GMS Statins 0.50 (0.46-0.53) <0.001
CCB 1.14 (1.10-1.20) Not reported
Maggioni et al’®  Longitudinal cohort <50 Discharge Statins Not reported 1.00 Unadjusted Not reported 14/22
50-59 records 1.38(0.78-2.46)
60-69 (administrative 1.21 (0.72-2.04) (64%)
70-79 data sets) 0.82 (0.50-1.36)
>80 0.28 (0.17-0.47)
Italy
Jan-June 2007 N=3078
Lee HYetal’””  Longitudinal cohort <40, 45-64,765-79,  Following ACEI/ARBs Not reported 0.47 (0.28-0.78) Unadjusted 0.003 14.5/22
>80 patients B-blockers 0.25(0.15-0.42) P<0.001
USA prescription for 3 Statins 0.27 (0.17-0.45) P<0.001 (68%)
2003-05 N=1135 months
Bischoff et al*'® Cross-sectional survey  18-34,35-44,45-54 Primary care ACEF 54 vs. 52 Not reported Unadjusted Not reported 10/22
155-64,65-74,>75 datasets ARBs 20 vs.