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SUMMARY

Background

The elderly account for an increasing proportiothef population and have a high prevalence of
coronary artery disease (CAD). Therefore, eldediygnts represent an increasing proportion of
those presenting for investigation and treatmei@AD. Management of CAD is undertaken to
relieve the signs and symptoms of myocardial isehiaemaking quality of life (QoL) a critical
consideration in clinical decision making. CAD ssaciated with both chronological and
biological ageing processes. However, conflictiaglence exists as to whether leucocyte
telomere length (LTL) is an appropriate biomarkkeageing in CAD.

Methods

The thesis comprised four complementary studigstl¥i secondary data analysis of the
Scottish Coronary Revascularisation Register wasd ts undertake two retrospective cohort
studies of patients attending for coronary angiplyyaand percutaneous coronary
revascularization. The aim was to compare caseamilxoutcomes of elderly versus younger
patients. A prospective cohort study of 437 patievds then undertaken to assess QoL before,
and three months after, PCl and to compare QoLgdsim elderly versus younger patients.
Finally a cross sectional study was used to ingagtithe association between LTL (T/S ratio -
relative ratio of repeat to single copy number) suead using g°PCR and CAD (presence and
severity) in 1,846 patients attending a regionatlicaascular centre for coronary angiography.

Results

The number and proportion of elderly patients ugdigrg coronary angiography increased

from 669 (8.7%) in 2001 to 1,945 (16.8%) in 201@akg the elderlyX 75 years old),

symptoms were more severe and disease more exdarmiyared to patients aged <75

years. Peri-procedural complications were infredjireespective of age: 2.0% of elderly
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patients suffered complications, compared with 1d%oung patients (p<0.001). Thirty-
day MACCE were more common in elderly compared wiahnger patients (2.0% vs 1.6%,
p<0.001). Elderly patients with evidence of steaagere less likely to proceed to
revascularisation (adjusted OR 0.68, 95% CI 0.685(<0.001) within one year of

angiography, irrespective of disease severity.

There was an increase in the number and perceat&€ls undertaken in elderly patients, from
196 (8.7%) in 2000 to 752 (13.9%) in 2007. Compavéd younger patients, the elderly were
more likely to have multivessel disease, multigenorbidity, and a history of myocardial
infarction or coronary artery bypass grafting {ests, all P<0.001). Compared with younger
patients, the elderly having PCI were more likelyhave multivessel disease, multiple
comorbidity, and a history of myocardial infarctioncoronary artery bypass grafting fests,

all p<0.001). The elderly had a higher risk of MA@&hin 30 days of PCI (4.5% versus 2.7%,
+* test p<0.001)

Following PCI, mean QoL improved in both elderl\darounger patients. Elderly participants
had higher baseline mental component score (MCSpiuer physical component score (PCS).
After adjusting for baseline differences, QoL (bptiysical and mental components) in elderly
patients improved as much as younger patientgviotlg PCI (SF-12, MCS 50.0(SD 10.4) to
53.0(SD 11.9) vs 46.7(SD 11.1) to 49.7(SD 11.1)).652; and SF-12 PCS 37.6(SD 10.1) to
41.9(SD 10.1) vs 39.7(SD 10.0) to 45.6(SD 10.8).B#3).

An inverse relationship was found between LTL (Td80) and age. No statistically significant
difference was found in mean T/S ratio betweendhmith and without CAD (0.87(SD 0.21) vs
0.89(SD 0.21), p=0.091), even after adjusting fasdine characteristics. In addition, there was
no staistically significant difference in relatiiéS length by severity of disease in those found
to have stenosis on cardiac angiography: 0.875q2Mm1) vs 0.875 (SD 0.212) vs 0.860 (SD
0.203) vs 0.867 (SD 0.200), p=0.670



Conclusions

This thesis has demonstrated that, in Scotlandrlglgpatients account for an increasing
number and proportion of diagnostic coronary angiots and PCIs. However, the threshold
for investigation and subsequent interventiopeaps to be higher among the elderly, even
after adjusting for co-morbidities. While elderlyatents have a higher risk of early
complications than younger patients, their absotidle is, nonetheless, low. This suggests
that coronary angiography and PCI are safe proesdorperform in the elderly. Following

PCI, the QoL of elderly patients improves at lesstmuch as in younger patients.

A recognized risk factor for CAD is chronologicgea and there is increasing interest in
whether biological age contributes to the develapraed progression of disease and can
explain socioeconomic inequalities in health. Hogrethe current thesis found no association
between LTL and either the occurrence or sevefitAD, or its severity on cross-sectional
study. While LTL is considered a useful biomarkeageing, these findings suggest that LTL
may not be as useful in CAD.

Although findings suggest that coronary angiographg PCI are safe procedures in the
elderly, results of this thesis suggest an ageebassquality in access to coronary artery
investigation and intervention that is not expldirtey differences in demographic trends,
levels of need, potential risk or potential bendfhese findings have significant implications
for the delivery of cardiovascular clinical sengcéo an increasing elderly population.
Further investigation should be undertaken upstrebithese studies, on patients referred for
investigation rather than just those receivingoitdetermine the extent to which there are
inequalities in referral threshold as well as pohwe threshold. Further research is also
required to identify those elderly patients whowdomost benefit from earlier investigation
and management. There is also a need for longauditudies to assess the usefulness of
LTL as a biomarker of ageing in CAD and to investegwhether LTL is associated with

adverse outcomes in patients diagnosed with CAD.
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1. INTRODUCTION

1.1. Overview of thesis

This thesis comprises of four complimentary studiest investigate the association between
chronological and biological ageing in coronaryemyt disease (CAD). The elderly (when
defined in terms of chronological age (time sinaghb — see below for further discussion on
chronological age cut-offs for defining elderly)caant for an increasing proportion of the
population and have a high prevalence of CATherefore, elderly patients also represent an
increasing proportion of those presenting for iigesion and treatment of CAD.Early
diagnosis and interventions in CAD are effectivaliviating signs and symptoms of CAD in
both elderly and younger patieritslowever, there is evidence that elderly patiergssabject to
inequalities in relation to both access to invegtans and interventions for CAD, and in
participating in clinical trials in this contextThis inequality may be partially explained by
concerns over adverse outcomes because the mgrhitit mortality associated with invasive
CAD investigations and interventions are known &dtrongly associated with chronological
age’ In addition, elderly patients have been founddwehmore advanced disease than younger
patients when presenting for treatment and invasitigp of CAD® It is unclear whether later
presentation explains the increased risk of advetdeomes, or whether it is associated with
multiple comorbidity. There is, therefore, a needntvestigate factors in elderly patients relating

to outcomes of investigations and intervention€AD.

The first two studies in this thesis are seconddeta analyses which were undertaken to
examine whether elderly patients undergo coronagiography at a more advanced stage of
disease, whether they are less likely to proceecvascularisation if CAD is confirmed (see

Chapter 4.1), and whether any inequalities in mamagnt appear justified by a high risk of peri-

procedural complications following percutaneousooary intervention (PCI) elderly patients

(see Chapter 4.2).

In addition, inequalities may be associated witttpwed lack of benefits to elderly patients

following PCI. However, the management of CAD byl BCprimarily undertaken to relieve the
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signs and symptoms of myocardial ischaemia, ratteer survival. This makes quality of life
(Qol) a critical consideration for clinical decisionaking at all ages. For elderly patients, an
especially important clinical issue is weighing angreased risk of adverse outcomes in the
elderly against improvements in QoL. While Studgifs to establish if elderly patients do
indeed have higher risk of adverse outcomes follgviRClI, Study 3, assesses the impact of PCI
on QoL in elderly compared with younger patientsisTis a prospective cohort study of 437
patients that assesses QoL before, and three maitéinsPCIl. The main aim was to compare
QoL changes in elderly versus younger patients (Re®Evacularisation and Quality of Life —
Chapter 4.3). Together, the findings of these ttudiss will contribute to clinical decision-
making in relation to interventions for CAD in teklerly.

The first three studies in this thesis define agyetaonological i.e. the number of years a patient
has lived. However, there is currently much interaswhether biological ageing, rather than
chronological ageing, may provide a better measanemf age related ris€Biological ageing
involves variable, structural and functional changjeat take place at the cellular, tissue and
organ level; ultimately affecting the overall perfance of the body.It is thought to vary
between individuals of the same chronological ag# iacrease susceptibility to ill health and
disease. If so, biomarkers of biological ageinghenthan chronological age, may provide a
more effective basis for clinical decision-makingrelation to investigation and treatment in
patients with CAD. A number of biomarkers of agelmaye been explored, including telomere
length® However, conflicting evidence exists as to wheleacocyte telomere length (LTL) is
an appropriate biomarker of ageing in CADThe final study in this thesis aims to provide
preliminary evidence as to the potential utility @lating telomere length to presence and
severity of CAD, as a precursor to investigatingethler it would be more useful than
chronological age in predicting clinical outcom&kerefore, a cross sectional study design was
used to investigate the association between LThhdgatio -relative ratio of repeat to single
copy number) measured using qPCR (quantitative npetgse chair reaction) and CAD (its
presence and severity) in 1,846 patients attendirggional cardiovascular centre for coronary
angiography (see Chapter 4.4).
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Overall thesis objectives, by individual study:

Secondary data analysis using the Scottish CarBi@cascularisation Register: diagnostic

coronary angiography (Study 1)

» to explore time trends in numbers and proportioaldérly patients attending for
diagnostic angiography

» to assess the baseline chacteristics of patietetsding for diagnostic coronary
angiography

» to compare baseline case-mix between elderly andger patients

» to compare clinical outcomes (revascularisatioasand adverse outcomes) between
elderly and younger patients attending for diagna@stgiography after adjusting for

baseline characteristics

Secondary data analysis using the Scottish Caréavascularisation Register: PCI

procedures (Study 2)

to explore time trends in numbers and proportioaldérly patients attending for PCI
* to assess the baseline chacteristics of patietetsdang for PCI

» to compare baseline case-mix between elderly andger patients

» to compare clinical outcomes between elderly anthger patients attending for PCI

after adjusting for baseline characteristics

ReQolL (Study 3)

* to assess the baseline QoL in patients undertdk@igising generic and disease specific
tools;

» to assess QoL at 3 months post PCI using genedlidiaease specific tools;

» to compare differences between baseline and 3 ra@pi

» to compare differences and changes in QoL betwielenly and younger patients

» to use routine hospital data to assess baselimaatbastics (such as demographics,

comorbidity etc.) and severity of CAD
17



Biological ageing and CAD (Study 4)

» to use routine hospital data to assess baselimaatkastics (such as demographics,
comorbidity etc.) and severity of CAD in a cohoirpatients attending for diagnostic
angiography

» toundertake LTL analyses in a cohort of patiettesnaing for diagnostic angiography

* to compare LTL between those with and without CAD

The research evidence and theoretical underpinmimgsation to the four studies are discussed
in the introduction and the literature review. Fxample, the introduction discusses general
concepts around ageing (including population agebiglogical and chronological ageing),
CAD and, QoL. The literature review comprises foain sections, which critically analyse the
literature relating to: CAD in elderly patients, IPi@ elderly patients, QoL in elderly patients
undergoing PCI, and the use of LTL in CAD. Afteegentation of each of the four studies, the
discussion provides a consideration of the resalthe context of current literature. The final
chapter discuss the overall conclusions and recordat®ns for future research in this area. As
the population ages, the recommendations from tiesis are likely to be of increasing

importance for researchers and clinical decisiokersa

1.2. Ageing

1.2.1. Population ageing

Population ageing is the process through which roiddividuals make up an increasing
proportion of the overall populatidnit can also be considered as an increase in thgoption

of people over a particular age (often 65 yearagef) in a populatiotf, although, an increase in
median population age has also been t¥&thderlying population ageing is the demographic
transition from high birth and death rates to loithband death rates, causing demographic
change over time. This results in reduced fertilgties and longer life expectancy, on average, at

any age"’ Driving lower death rates and longer life expectais the epidemiological transition:
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a move from deaths predominantly caused by infastidiseases to chronic/degenerative
diseases. Reductions in deaths from infectiousadese occurred mainly as a result of advances
in public health, such as: sanitation; better diolad nutrition; education; and health care
improvements (such as antibiotics or vaccinatioAs).infectious diseases disproportionately
affect younger age groups, reductions in deathms these resulted in people living long enough
to develop chronic/degenerative diseases (shiiga at death). In addition, improvements in
health care and preventive interventions meantghaple were living longer with morbidity of
chronic diseases (for example, chronic angina aftewiving a heart attack). Together the
demographic transition and the epidemiological ditan make the “classical” (or “Western”)
demographic transition mod&l.

Latest global population projections suggest tlogipation ageing is a feature of all higher
income countries and many low-middle income coestrihis global trend is likely to continue,
with the number of people aged 80 years or ovejepted to increase from 69 Million in 2000

to 379 Million by 2050. The proportion of the poatibn aged 80 years or over is also estimated
to increase by almost fourfold over the next 50rge@eaching 4.1% in 2050 (estimated as ~1%
currently)® The 80 years or over age group is the fastestigmpef the older population (At the
global level, the average annual growth rate océ@es aged 80 years or over (3.8 per cent) and
is currently twice as high as the growth rate efplopulation over 60 years of age (1.9 per cent),
suggesting that demographic ageing of the oldeuladipn is also occurring. In addition, global
population projections suggest that the mediancagiee world’s population will increase from

27 years (based on 2000 estimates) to 36 yeatsehyear 20567 These projections assume

that baseline estimates of the world’s populatiencarrect (estimates rather than actual
numbers are used for many low income countries l@g&h accurate records) and calculations are

based on continuation of past trends in fertilitgd anortality.

Scotland, like other post-industrial high-incomeauties, has undergone a similar population
change over the last century (Figure 1). The wideeld, narrow apex population pyramid of
1911 has been replaced with the narrow based bjpet of 2001. The 2031 projection shows
how the post-war and 1960s baby-boomers are lioetpntribute to the ageing population with

the pyramid becoming skinnier and more top heavg@sA.
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Figure 1. Scotland's changing population structure 1911 projected until 2031

Mortality rates for males and females have continteedecline since the 1960’s, although this

has been less pronounced in wom&b years of age (Figure 2).
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Figure 2. Age specific mortality rates as a propoibn of the 1981 rate, males (a)
and females (b) 1981-2005
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Based on the General Register Office for ScotldBR@S) population projections, deaths are
projected to continue to decline until at least@Q&igure 3), after which slight increases may

occur, as a result of increasing prevalence of @/umkabetes, obesity and alcohol-related liver
disease
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Figure 3. Births and deaths, actual and projectedScotland, 1951-2033 (ISD)

The number of Scots aged 75 years or more is gegjeo increase by 86% from 418,000 in
2012 to 779,000 in 2037 (Figure £)With the proportion of the population in Scotlargkd 75
years or over projected to almost double from 7t8%3.8%. These projections, by GROS, are
based on census data and are trend based. Theyeagwat trends in fertility, migration, and

deaths will continue. However, these assumptiorsmtieat the estimates are less reliable in
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periods of changes, for example, the change inmelaf migrants from the EU A8 accession

countries to Scotland was not picked up by eapl@gulation projection’
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Figure 4. Projected percentage change in Scotland®pulation by age group, 2006-2031.

(http://lwww.gro-scotland.gov.uk/files1/stats/prdgt-population-of-scotland-2012-based/j896103.htm)

These projections suggest that population ageitigcamtinue to be an increasingly important
issue both globally and in Scotland. However, gl be noted that in Scotland ~1:10 people
die before they reach 65 years of age with markeequalities in life-expectancy by

socioeconomic deprivation (Figure %).
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The potential impacts of population ageing incluae:increased dependency ratio (the ratio of
individuals aged 0-14 years and over 65 years eftagthose in the economically active age
group (16-64 years of ag&)a rise in the prevalence of degenerative disorsiech as arthritis,
chronic obstructive pulmonary disease, and cardiaviar disease (CVD); expansion of
morbidity (rather than compression) - an increasdhie number of years spent living with
chronic disease morbidity; increased health andab@are costs; increase in prevalence of
multiple morbidity and increasingly complex morlhdiand an increased number of older carers

who may themselves have degenerative disofders.

However, Spijkeet al??suggest thatlative to remaining life expectancy, populatiappear to

be growing “younger.For example, a 50 year old today is considered geuthan a 50 year
old would have been 40 years ago because theypeeted to live for a much longer time. In
addition, the number of people working after staension age is rising. Therefore the
dependency ratio may not be as high, in the futagenitially predictedAlso, improvements as

a result of early years interventions (as thergr@ving evidence to suggest that age-related
chronic diseases have their origin in experiencesearly yearsj® health care (including
activities like screening), lifestyle/behaviourabdifications (e.g. smoking cessation; and other

prevention activities may well off-set some of tiigpact and result in healthy life expectancy
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(average number of years a person is expectededdiin a healthy state) increasing. Interest is

growing in investigating the factors which influenleealthy life expectancy and healthy ageing,

While there is no universal definition of elderly; older persons, most high income countries
consider it to be 65 years of &€ because this age is often associated with elityibfibr
statutory and occupational retirement pensions. ¢l the WHO acknowledg@ghat such an
arbitrary age cut-off is not necessarily subjecthe social constructions of what it means to be
elderly, to geographical differences in life-ex@exy, or the context in which the term is being
used e.g. in cardiac patients. The terms “eldedytl “older persons/people” are often used
interchangeably in the biomedical literature. Th &r much debate as to the appropriateness of
using the term elderly, as it is thought to be eissed with negative and stereotypical imatfes.
In response, some of the biomedical sciditeeature has universally adopted the teotder
persons “as the standardThis is less so in the cardiology literature whelderly patients tends

to be the term used more often to describe chrgnty older patienf§?° For the purposes
of this thesis, the term older people has been wéeth discussing population ageing and ageing
processes; however, the term elderly patient has bsed in relation to patients with CAD, or
attending for investigations of CAD. The choice difronological age cut-offs for elderly
patients is also much debated in the cardiologyrdture with>75 years or>80 years being
commonly used in PCl researttt! It is also subject to the age at which patiemesent with
CAD and, as discussed, variation in life expectantya given area (e.g. Scotland’s life
expectancy is one of the lowest in Western Eurdyaes)an impact on this. For the purposes of
this thesis, elderly patients are defineda& years of age for secondary data analyses (&hapt
4.1 and 4.2), and70 years for ReQoL (following issues with recruitth@nd a re-analysis of
the sample size calculation — see Chapter 3.2).syhtematic review of QoL following PCI in
elderly patients focuses on octogenarians to alomparisons to be made with the systematic
review of clinical outcomes, which only includedt@genarians. In addition, using a more
focused population in the search strategy excluldese studies which may have presented some
less elderly focused age related sub-group dateeff@mple using “old” or “old*” in the search
strategy included studies which used >50 yearsgefia sub-group analysis), thus allowing

easier identification of studies on elderly patieht
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1.2.2. Theories of ageing

As discussed, ageing can simply refer to the passatime since birth (chronological age) or to
the physical or biological processes of growing oRhysical ageing is thought to be a complex
biological process that may not correspond to theorwlogical ageing of individuals. In
addition, the rate of biological ageing may varyween individuals in response to internal
(genetics) and external factors. There are a nuwibdifferent definitions of the ageing process.
Rose (1991), in his book on the evolution of agetegscribed it as “a persistent decline in the
age-specific fitness components of an organismtdueternal physiological degeneratioft’lt
has also been defined as a progressive functicedine, or a gradual deterioration of physical
functioning with age* Also as “the intrinsic, inevitable, and irrevelsilage-related processes

of loss of viability and increase in vulnerabilify”

Strehler (1959F characterised ageing by 4 main features:-

It is destructive — compromising functionality

* Itis progressive and irreversible

* ltisintrinsic i.e. determined by internal rathlean external factors

» ltis universal, i.e. all individuals of the sanpesies display a largely uniform ageing

pattern, with all living beings displaying the aggiphenomenon.

Of note is that while average life expectancy hasdased significantly over the last century,
maximal longevity (maximal age achieved by any widiial) has, shown little or modest
evidence of increasiny. However, ONS estimates that there has been #&lSHorease in the
number of centenarians. These may go on to livgdothan ever before, suggesting that in the

future maximal longevity may also incredSe.

Human ageing is associated with multiple psycha®@gthanges and pathological consequences
which affect every system, tissue and organ. Innggeirtually all physiological functions lose
efficiency. The effects include:
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» appearance: gradual loss of height, muscle and imass, and decreased skin elasticity,
» sensory functioning: reductions in vision acuityldrearing capacity,

* cognition: memory and cognitive impairment,

* reduced capacity to maintain homeostasis,

» deterioration of the force and elasticity of skalehuscle,

* increased susceptibility to stress such as extéengberature, infections,

hyperglycaemia, and trauma.

There is no universally accepted theory of the ragerocess; instead, there are numerous
theories which have attempted to explain the mashaninvolved. More than 300 of these
“theories of ageing® exist although they are not necessarily mutuaihusive. Generally, they

can be grouped into 3 main mechanisms:

* Evolutionary: ageing is part of life’'s programmimgcause the old need to remove
themselves to make room for the next fertile getmra thus sustaining evolutionary

turnover.

* Network: that multiple mechanisms of ageing workperallel and that ageing results
from the interactions between cells, organs anteays

* Causative Mechanisms: ageing can be explaineceatditular level e.g. accumulation of
cellular waste products, causing cellular seneseénben cells cease to divide with resultant

impairment of function).

The free radical theory of ageing is one of the posminent causative mechanism theories and
was first proposed by Harman in the 195%'&his theory proposes that accumulation of free
radicals derived from oxygen is responsible for deeline in biological functions associated
with ageing. Reactive oxygen species (ROS) withéliscare primarily generated by the
mitochondrial respiratory chain, mainly due to &élee leakage. Thus, ROS are viewed as being

involved in cellular regulation by acting as Redmgnals. Over time, the antioxidant systems are

27



unable to counteract all of the ROS (such as sxmrd (O, ); hydrogen peroxide (#8,); and
peroxynitrite (OONO).).**

These free radicals capture electrons from anatiwdecule, which in turn become unstable and
reacts with further molecules. This results in @tk damage to lipids, DNA, and proteins in
the cells and therefore causes damage to the tiSbigeprocess is called oxidative stress. There
is experimental evidence in in-vitro and animal misdto support this theory. In animals,
enhanced oxidative damage by ROS has been shovemdoto shorter lifespaffs™ while
antioxidants have been shown to extend the lifespparDrosophib** However, recent
experiments show that, in mice and worms, increas®OS actually correlate with normal and
even longer life span, with the harmful effects ROS seen as a result of compromised
signalling, rather than direct oxidative damagesémsitive targetS. The precise relationship

between ROS induced damage, mitochondrial damatyageing is unknown.

1.2.3. Healthy ageing

The prevalence of long-term illness and self-regbill health increases with chronological age,
*’ meaning that gains over time in healthy life exprcy and disability-free life expectancy are
much smaller than the increase in overall life exgecy. Associated with this is a decrease in
the proportion of life spent in “favourable heatttates™® The proportion of people reporting
that they have a limiting longstanding illness ighter in the older population, with 37% of 65-
74 year olds and 48% of those over 75 years reppttiat they have such an illné8sThe
Scottish Health Survey reported that 13% of peagjed 70 years and over have both a long-
term illness and disability compared to only 2%36£39 year old’ Older people were more
likely to report that poor health affects theiriaities of daily life, for example: 27% of men
aged 75 years and over reported that “ill healthitéd their ability to perform moderate
activities 'a lot' compared with only 6% of men adge-24 years*’ However, many people in
older age groups still consider themselves to bgomd health, even if they have a long-term

illness which restricts their daily livés.
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Given that the most important risk factor for choodiseases which limit health in later life is
age itself, we need to better understand the bicdbgrocess of ageing and how this relates to

ageing on an individual and population level.

Healthy (or successful) ageing can be defined asirfosing opportunities for good health, so
that older people can take an active part in sp@atl enjoy an independent and high quality of
life”. *® There are three main components to this: low foitbaof disease; high cognitive and

physical functioning; and active engagement in life

Recently, recognition has been given to the conokptlife course approach to healthy ageing
where internal and external (physical and socialjirenments have been found to affect the
ageing trajectory? Critical periods such as early life or later légperiences; accumulation of

exposures; and chain of risk (the sequence of dirdkgosures) throughout life appear to affect
the ageing process. Observational and experimeet@dlence increasingly supports a
relationship between growth and development inyagebrs (a critical period) and health in later

years>

1.2.4. Frailty

Frailty has been defined as a syndrome of decreasedve and resistance to stressors causing
vulnerability to adverse outcomes (based on thadfrevord fréle meaning of little resistance).
When exposed to such stressors, frail patientatarereased risk of decompensation, adverse
events, procedural complications, prolonged reggvenctional decline, disability, and
mortality. Others have suggested that frailty & ‘age-related, biological vulnerability to
stressors and decreased physiological reseP}es’that it is more useful to define frailty as

“clusters of vulnerabilities, weaknesses, instéibdi and limitations, with shared causg's™

Many such definitions of frailty have commonalitythat of ageing and, similar to biological
age, there appears to be wide variations in fraitiyveen individuals of a similar chronological
age. Frailty, with its impairment in cognitive aplysical function with resultant loss of
resilience and reserve, may be seen as a conseqokbiological ageing; indeed frailty

measurements have been used as a clinical totlldassessment of biological ageing.
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Studies have shown that frailty carries an incréaisk of mortality and morbidity associated
with CVD and heart failure. In addition, it is assded with increased risk of adverse outcome
following acute coronary syndrome (ACS) and PCiniCally, frailty is becoming increasingly
important, given the ageing population and incregsomplexity of care for older patients.
Innovations in the investigation and managemei@AD, for example, have resulted in
interventions, such as PCI, being able to be usetbierly and frail patients. The current ESC
guidelines on the management of stable CAD recomdsérat “frailty should be well assessed
eventually by means of current available indi¢éSwever, it is unclear what is meant by “well

assessed eventually”.

Upward of 20 frailty tools have been developed &asure frailty>> Owing to a lack of
consensus agreement, there is variability amordjiegwand confusion on which tool to use. For

example, van lerseit al>*

reported, in a sample of 125 elderly people, aglence of frailty
ranging from 33% to 88% depending on the crites@di Most tools focus on 1 or more of the 5
core domains that define the frailty phenotypewsless, weakness, low physical activity,
exhaustion, and shrinking (unintentional weighs)o$lowness was measured by a comfortable-
pace gait speed test, weakness by a maximal hanstgength test (using a dynamometer), and
other domains by questionnaire or more specializsitluments. These domains may be

considered individually or combined into a variefyscales.

The Fried scal® encompasses slowness, weakness, low physicaitgotixhaustion, and
shrinking, with at least three of the five 5 cridgarequiring to be satisfied for a diagnosis of
frailty. It was developed from measurements inGlaediovascular Health Study (CHS) and the

Women's Health and Aging Studies (WHA3)t consists of a total score based on:

1. Shrinking: >10Ilbs unintentional weight loss in thst year o>5% of body weight in
prior year by direct measurement of weight

2. Reduced grip strength (tested using a hand heldrdgmeter): as being in the lowest
20%, adjusted for gender and BMI
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3. Self-reported exhaustion

4. Slowness (measured using time to walk 15 feet &slju®r gender and height): as being
in the lowest 20%, adjusted for age and gender

5. Low physical activity level — using kilocaloriesmanded per week.

A prevalence of 7% in the CHS was found in 4,31memnity dwelling adults aged 65 years
and over, 30% in the sub-group aged 80 years aad and 28% in the WHAS moderately to
severely disabled population of 1,002 community ldaggwomen aged 65 years and over. Fried

|.55

et al”> concluded that frailty was “not synonymous witther co-morbidity or disability but co-

morbidity is an etiologic risk factor for, and diskty is an outcome of, frailty>°

The Fried Scale is the most frequently cited fyasltale and has been demonstrated to predict
mortality and disability in large cohorts of comnityrdwelling elderly people and patients with
CVD. Whether cognition and mood should be consideseatiditional domains of frailty scale
or as modulating factors (such as having a rotaeanransition from frailty to overt disability)

remains an area of discussion.

The Short Physical Performance Battery (SPP&)compasses slowness, weakness, and
balance. This is measured by a series of threaltphgsical performance tests (gait speed, chair
rises, and tandem balance), each is scored Ond #ailty is defined as a total score >5 out of
12.

In contrast to these multi-item frailty scalesgfimetre gait speed and, to a lesser extent,
handgrip strength, have been advocated as sirgteriteasures of fraili? The gait speed test
has been shown to have high inter-rater reliabfifiyraclass coefficient 0.88 to 0.96) and test-
retest reliability (intraclass coefficient 0.86a®1)>° It has been found to be responsive to
change, with meaningful improvements in gait sp@stimated at 0.05 to 0.2 mif predicting
positive outcomes on a population le¥hut not necessarily an individual patient le¥eThe
walking distance used in research studies varitgdam three and ten metres, although the
distance appears to have little effect on measspedd? A large number of CAD registries
have adopted the five metre distance as it is thitagbe a balance between allowing patients to
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achieve a steady walking speed without developngyea symptoms.

The Fried scale and the SPPB tools are used txtdfe clinical phenotype of frailty. However,
an alternative approach reflects the accumulatfateficits®* Deficits encompass an

assortment of up to 70 symptoms, signs, comorbglitlisabilities, and frailty traits, which are
counted and summed. One version is the Frailtyxm#eloped by Mitnitsket al®* They

propose that a Frailty index, based on 20 deficas, be used as a proxy measure of ageing and
mortality as it better reflects physical ageingtlcadronological ageing, with higher scores being
associated with a greater risk of adverse outcokhewever, the International Academy on
Nutrition and Aging Frailty Task For&favoured the clinical phenotype approach stating:

“comorbidities and disabilities should be disentaddrom frailty”.

Disabilities, broadly defined as difficulty or demkency in carrying out activities of daily living
(ADL), are often used interchangeably with frailjowever, disability is more accurately
considered as an adverse outcome associated wiitly {for example, a frail patient becoming
more disabled after an acute myocardial infarc(@¥l)). Certain scales may be effective at
screening for frailty, whereas others may be rexglio focus on specific and potentially
treatable domains. There is justifiable reasorotwsiler using different scales, more or less
challenging versions of such scales, or differemtaffs depending on the population being
studied. In addition, heterogeneity amongst patisaggests that the use of a fixed cut-off for

frailty may not be appropriate.

A study by Purseet al.’® was one of the first to prospectively measurit§rausing 3 different
frailty tools, to assess mortality outcomes in gidpatients with CVD. In this study, 309
elderly patients with multivessel disease (MVD) &tk to a coronary care unit, found that the
prevalence of frailty varied considerably dependinghe tool used: 27% using the Fried scale,
50% using gait speed < 0.65 m/s, and 63% usintokwood frailty scale. While increases in
6-month mortality was associated with each fraityl and composite scores (developed by the
authors using all the scales), only gait speedheshstatistical significance (odds ratio (OR) 3.8;
95% confidence interval (Cl) 1.1-13.1). Howeveke @Is were wide and no statistical

significance was presented. This study was infiaémt highlighting to clinicians the
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importance of frailty, in addition to traditionask factors, for predicting clinical outcomes of
CVD.

In a study of 629 elderly patients who underwent &@he Mayo Clinic, 21% were found to be
frail, based on administration of the Fried sca®le discharge (unintended weight loss (>10 Ib
in the preceding year), exhaustion, physical agtivime required to walk 15 feet, and grip
strength by Jamar handgrip dynamometer). Patientswere frail had a significantly increased
3-year mortality: 28% vs. 6%; OR: 2.45; 95% CI| 14383°" However, those who did not
survive until discharge were excluded from the gtad only 41% of the eligible participants
consented; therefore, there is the potential fliacsien bias as a main limitation of this study.
QoL was also measured in this study but was notdda be associated with an increased
hazard for death following PCI. Similarly, cachéfiailty was found to be the most powerful
predictor of 18-month mortality (hazard ratio (HR).0 ) in a study of 111 patients undergoing
PClI for unprotected left main disease in the KalRetmanente databa¥eAll participants were
considered ineligible for CABG, only 7(13%) of patts were considered cachexil/frail, and

definition of cachexil/frail was based on case metgew.

Gharacholowet al®® further showed that, despite a similar severitgrujina between frail and
non-frail patients aged65 years and older, those who were frail had Igetssical functioning
and QoL Frailty was found to have a greater impacQolL than severity of CAD or
comorbidity. Frail patients were more likely to leaMVD and/ or left main stem (LMS)
involvement, after adjusting for age and genderalpes <0.05 across the groups). Ekerstad
al.”” explored the relationship between frailty and cdvitbities in patients with non ST
elevation myocardial infarction and showed that #¥%sail patients had at least one severe
comorbidity. Frailty was also found to be indepeamtieassociated with 1-year mortality after
adjusting for cardiovascular risk and comorbid abods (HR 4.3, 95% CI 2.4-7.8). Frailty was
found to be better at predicting mortality than pnesence of comorbidity alone. When the
comorbidity burden was stratified by severity, m@de to severe frailty was found to be more
predictive of mortality. Frailty is associated widss aggressive management compared with
non-frail counterparts. Frail patients were lekslij to receive angiotensin-converting enzyme

inhibitors, and beta-blockers, less likely to ben#ted to a coronary care unit, and less likely to
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be referred for PCl or CABG.

1.2.5. Biological ageing and biomarkers of ageing

In contrast to chronological ageing which is easigfined and measured, biological ageing
involves variable structural and functional changest take place at the cellular, tissue and
organ level; ultimately affecting the overall perfance of the body.It is thought to vary
between individuals of the same chronological aye iacrease susceptibility to ill health and
disease. Biological ageing has also been descabed steady decrease in physiological ability
to meet demands that occur with increasing chrajicéb ageing”® Biological ageing is
thought to be due to failure of intracellular amimune system repair mechanisms with resultant
cellular damagé® The lack of a universal definition of biologicabex makes consistent

measurement, reporting, and comparison of resiifisut.

Biological age (“miles on the clock’appears to be a better reflection than chronoégigeing

of inter-individual variation in rates and express of growth and ageing, given the
heterogeneity of life span and healthy life spalmeré have been numerous studies which have
used physical health and various biomarkers tosadsielogical agé>’*with particular interest

in models which can be applied to the clinicalingtf® Biomarkers include biochemical assays,
genes and physiological characteristics that cditate the presence, or severity, of an existing
disease, physiological abnormality (e.g. lens dgaar psychological condition (or increased
risk of their future development). Biomarkers okang aim to better predict functional capacity
than chronological age by correlating more closely “biological age”. In particular, they aim

to identify individuals who are at greater risk aje-associated disease or disability, or who

develop it at a younger chronological age.
Baker and Sprott (198%)suggested the following criteria for biomarkersiflogical ageing:

1. The rate of change of the biomarker must, at leastathematical terms, reflect some

measurable parameter which can be predicted atex kehronological age.
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2. The biomarker should reflect some basic biologprakcess of ageing and certainly not
predisposition toward a disease state or some drronetabolism.

3. The biomarker should have high reproducibility s species comparisons of
functional or physiological age versus chronologiage, particularly within the same
classes and certainly within the same familiegpetcges.

4. The biomarker should change independently with mbi@gical age and reflect
physiological (functional) age.

5. Assessment of the biomarker should be non-lethehiimal systems and should cause
minimal trauma in humans.

6. The biomarker should be reproducible and measurdbténg a relatively short time

interval compared to the life span of the animal.

Subsequently, a simpler set of criteria for agdiimgnarkers was proposed by Miller in Butksr
al.(2004)7’

1. The biomarker should predict the outcome of a waahgle of age-sensitive tests in
multiple physiological and behavioural domainsamage-coherent way, and do so
better than chronological age.

2. It should predict remaining longevity at an age wi9% of the population is still alive,
and do so for most of the specific illnesses tfftichthe species under study.

3. Its measurement should not alter life expectanaperoutcome of subsequent tests of
other age-sensitive tests.

The second criterion suggests that biomarkers einggwill also be biomarkers of age-related
diseases rather than merely measures of degeremtianges. This is contentious because
ageing is thought by others to be a distinct peeeth specific pathway?.

The American Federation for Aging Research hasgseg the following criteria (reviewed by
Johnson, 2006}

1. The biomarker must predict the rate of ageing.theowords, it should tell exactly
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where a person is in their total life span. It maesta better predictor of life span than
chronological age.

It must monitor a basic process that underliesatiggng process, and not the effects of
disease

It must be able to be tested repeatedly withounireg the person, for example, a blood
test or imaging technique.

It must be something that acts in both humans alpdratory animals, such as mice, so

that it can be tested in animals before being destehumans.

However, even if a potential biomarker could badatked in model organisms, it is still unclear

whether it would apply equally well to humans.

Physiological biomarkers of ageing, suggested @litierature, include perceived age, systolic

blood pressure, lipid concentrations, body masexndognitive function, and lens opactfy.*°

In addition, at the clinical level, geriatric asse®nt&" and measurement of fraif§?> have also

been suggestes complex biomarkers of ageing. Biological markkes measure inflammation,

oxidative stress, protein glycation, cellular seeese and hormonal deregulation have all been

explored*®

Inflammatory markers: The immune response in hunsdssigned as a defence system
to protect and respond to environmental exposwels as infectious agents. It does this
via an innate (natural) response and an acquidap(ave response). Innate immunity
involves cellular (for example, macrophages ancellsavhich secrete interleukin 6
(IL6)) and non-cellular (C-reactive protein (CRR-dacomplement cascade
components). Therefore, peripheral blood markémsflammation include IL-6 and
CRP. Although these are non-specific, abnormalashre thought to indicate clinical
or subclinical levels of chronic inflammation trcamntribute to, or are part of, the ageing
process. In addition, senescent cells have beerftusecrete pro-inflammatory
cytokines (such as interleukin$)For example, those with elevated IL-6 were
significantly more likely to develop disabilitie$ mobility and activities of daily living

over a four-year period, even after adjusting failtiple potential confoundef§.In a
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similar cohort, CRP has been shown to be an indbpenisk factor associated with a 2-
fold risk of death in a cohort of higher functiogielderly patient§?

Oxidative stress: In keeping with the free radtbalory of ageind® a number of
molecules can be produced as a result of the axalsiress - ROS (Reactive oxygen
species). ROS are constantly being produced is aallil play a role in various signalling
pathways and immune respofi3eROS are removed from cells by various antioxidant
defence mechanisms. The imbalance between oxidatabolism and antioxidant
defence is called oxidative stress. Cumulativeutaildamage by ROS throughout the
life span has been proposed as an important factageing. A number of potential
biomarkers of oxidative stress have been develdpadexample, 8-hydroxy-
deoxyguanosine (8-OHdG) is formed when guanifi@NA nucleotide) is damaged by
oxidative damag& This is excreted in urine and is known to be inseeby smokin§’

Levels have been found to be inversely associatttlife span in animal studié?.

Senescent cells are associated with a high levietmaicellular ROS and accumulation of
oxidative damage to DNA and proteifisTelomere shortening (DNA caps at the end of
chromosomes — see Chapter 2.4 for further discugsidelomeres) is considered to be
one of the major cause of replicative cellular seeace and is increased as a result of
mild oxidative stres§® Senescence can be by-passed by the introdudtietomerase
into human cell§?

The amino acid homocysteine is derived from dietaeghionine. High levels of
methionine can be found in protein dense food siscbggs, sesame seeds, Brazil nuts,
fish and meat. Restricting methionine consumptias een shown to increase lifespans
in some animal& Homocysteine is thought to increase production®BRand the cell’s

ability to protect itself from the damage causeR®)S.

DNA methylation: This involves the addition of atimgd group to cytosine or adenine
(DNA nucleotides). The pattern of methylation cold protein binding to target sites
on DNA, affecting changes in gene expression arghiomatin organization. For
example, it can silence genes responsible forreiffigation, or those predisposing to

cancer. Research involving saliva samples frome¢s pf identical male twins aged 21
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to 55 years, identified 88 sites on the DNA wheMADmethylation was strongly
correlated with chronological ag&Global DNA methylation levels have been found to
be correlated with frailty status in middle/advah@ged subjects but not with
chronological age. A seven-year follow-up studyaksvealed that worsening in frailty

status was associated with a significant decreagdbal DNA methylation leveld

Advanced glycation end products (AGESs): These sv&ems or lipids that are non-
enzymatically glycated and oxidized after contaithwugars. AGEs can be produced in
cells or absorbed through the diet (foods highrotgin and fat such as meat, cheese or
egg Yyolks and food which has been cooked at higipéeature, for example, by frying
or barbecuing). Within cells, complex ROS-dependeattions occur which lead to the
formation of AGEs. Cell activation by these AGEads to the generation of more ROS
with resultant oxidative damage. Accumulation af &GE carboxy-methyl lysine

(CML) has been associated with chronological ageaage related diseases such as
cataracts? CML has been shown to be associated with dialsisesse progression
where it has been linked with increased risk ofedi@ving retinopathy, nephrology and
cardiac diseas®.

Cellular senescence and telomeres: Cellular senesaeeas first described in 1961 when
Hayflick noted that cell proliferation in a celllaure of human fibroblasts gradually
declined over timé* Eventually, all cells in the culture lost the #ito divide,

although they stayed viable for a long time aftensgin a state of growth arrest
described as cellular senescence). He proposeththaesembled the ageing process
within systems and organisms, as a whole.

Cellular senescence in primary somatic cells iaqaanied by telomere attrition.
Telomeres are nucleoprotein complexes that cagpeotdct the ends of chromosomes.
The DNA component of telomeres consists of repeafSTAAAGG that shorten as a
function of replication in most human somatic c&ll$herefore, telomere length is an
indicator of a cell’s replicative age. Acceleratetbmere attrition has been shown to be
a feature of many pathologies including cancercuias dementia, diabetes, and

cardiovascular diseagg.
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Cellular senescence is also accompanied by thessipn, or appearance of, markers
such as senescence-associfitgdlactosidase and CDKNZ2A (whose conjugate protein
is termed P18“). It appears to act as a tumour suppressor anataires cells in a state
of growth arrest in premature senesceidDKN2A has been associated with cellular
senescence in cell and animal studies. Increasiredd of CDKN2A transcriptional
expression (CDKN2A mRNA levels) have been foundd¢our with increasing
chronological age, both in solid organs and perngh@ood leucocytes (PBL). Shiels
suggests that CDKN2A can better fulfil Baker an@tBp criteria than other proposed
biomarkers of ageiny.

Lamb and Shierf8 also suggest that all these markers operate wleifunctional
framework of the MTR (Mitochondrion, Telomere, @Ribosome biogenesis) trinity (of
ageing), which suggests that ageing is associaithdmeractions between cellular
damage responses and any associated fuel utifisati energy production — the level
of damage accrued and the level of energy expaediéquired to facilitate repair,
dictates whether a cell will live (functioning cereescent) or die. The more cells die or

become senescent, correlates directly with orgaation and biological age.

Fetuin-A: This is a serum protein which is secrdigdhe liver and has multiple diverse
effects throughout the body. It has been showrtt@san inhibitor of vascular
calcification, by preventing spontaneous mineraktjpitation, and it may be capable of
attenuating inflammatory processéd® Despite this, it has been shown to induce
insulin resistance in muscle and fat and has bssocated with clinical and sub-clinical
CVD and type 2 diabeté§! However, it has also been associated with a deedeask

of impaired cognitive functioning and was founco®lower in patients with
Alzheimer's diseas&®? Maxwell et al. suggest that decreased fetuin-A and telomere
attrition indicate accelerated biological agetfi).

Sitruins(1-7) are a family of proteins found in laling things, whose function is linked
to cellular metabolism in numerous tissues, ineigdiver, muscle, adipose tissue, heart,
and endothelium. Accumulating evidence has inditc#tat sirtuins are not only
important energy status sensors but also protdstagainst metabolic stresses. In

addition, they have been implicated in the presemaf genomic stability. A number
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of studies have shown an association with ageidglagy coordinate a wide range of
cellular responses that are frequently dysreguldteihg ageing**%>**For example,
Sirtuin 2 assists in the repair of DNA and regudagenes that undergo altered
expression with age in yeaSf;overexpression of Sirtuin 6 in transgenic micevetd

an increased lifespan of about 15% in mafésnd Sirtuin 1 is thought to behave in
humans like yeast Sirtuin 2 by regulating mitochionibiogenesié? Sertuins are
thought to be the mediators of response in the Mi&kappear to regulate health-span

in mammals®’

While there in increasing and evolving evidencepotential biomarkers of ageing, many
researchers suggest that no single or simple catibmof biological or genetic markers is

likely to provide a useful clinical estimate ofglgical) aging**®'°*This assumes that

biological ageing is the consequence of the detgian of more than one system. This
assumption leads to the conclusion that a “panéBiomarkers that reflects the condition of an
array of critical systems may be needed in ordastess the biological age of any organism. At
least two important points can be gleaned fromabiservation. Firstly, the complexity of

ageing and the ageing processes means that tlod $eabiomarkers is likely to continue unless
a single or very small number of biological clo¢&s pacemakers - marker(s) which change
with biological ageing) actually exist. Secondlgdgprobably even more important, biomarkers
may change with chronological age. Biomarkers @natpredictive of longevity in early life may
not be predictive in late life, and vice versa.lRatthan selecting a single panel of potential
biomarkers to measure in early life and then repgdhe same panel over the lifespan, it may
be necessary to measure a very large battery ofdsleers at successive points over the lifespan

and treating each as a separate, predictive measure

1.2.6. Telomere biology and structure

Given their association with chronological ageingl aole in cell senescence, telomeres are

thought to be important in assessing biologicalrageAs discussed, telomeres are specialised
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DNA-protein complexes that cap the ends of chrom@soin eukaryotes (organisms whose cells
contain a nucleus and other structures (organe#tes)osed within membranes). The basic
structure is that of a nucleoprotein complex cdirgisof telomeric DNA and a number of bound
proteins which are vital for the regulation of ttedomere length and the functioning of the
telomere. The DNA component is a repetitive stretth TAGGG (made up of the nucleic acid
sequence: thymine, thymine, adenine, guanine, gaaand guanine) which is non-coding (not
translated into proteins). Telomeres safeguard geagrity during mitosis (cellular division) by
preventing DNA degradation at the chromosome teumibecause the DNA polymerase
complex is incapable of replicating all the wayhie end of the chromosome. Without telomeres
this would result in loss of vital genetic inforrat which is required to sustain cellular activity.
Telomere shortening occurs in almost all mitotgsties, including peripheral blood leucocytes.
Only germ cells, stem cells, and activated leuaxyhaintain their telomere length through
telomerase enzyme activity (a reverse transcripthae adds DNA repeats in the telomere
region), are excluded from the process of telom&hmertening. Mice engineered to lack
telomerase prematurely age and their ageing caeusesed by reactivating the telomer&€e.
Gradual loss of telomeric DNA in dividing cells cessult in: cellular senescence (because the
telomere length has reached a critical level); & (cellular death); or neoplastic

transformation, such as occurs in cancer.

The relationship between ageing and telomere leisgshill not fully understood; despite being
first recognised over 20 years ago. Cook and Sridt linked telomeres to the ageing
proces$™ and suggested a framework to explain the telomatrigion process and the Hayflick
limit (the number of times a normal human cell wdiivide until division stops). Since then
numerous studies have established the inverseioredhip between telomere length and
chronological ageing>***4!1>A systematic review found that the associationween
telomere length in peripheral blood leucocytes ageé was a consistent observation in the

literature!*®

Olovnikov was the first to suggest that this is ateptial mechanism for a biological clock
determining cellular activity-’ Further research by Vaziri and Allsopp al'*® demonstrated
that telomere length could act as a “mitotic clack&lomere length fulfils several, but not all, of

the criteria for a biomarker of human ageing: itr@ases progressively with chronological age;
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varies considerably between individuals and registae life-cycle of proliferative celfg?
There is much debate as to whether or not it iseduli biomarker of ageing®

Some studies have shown that shortened telomergthleis associated with increased
mortality*?* while others have failed to show an associ&tienthis is thought to be related to
methodological issues or multiple confounders iiemiological studied’*?°Cawthornet af**
studied unrelated residents of Utah, USA aged 6§@€#fs who donated blood between 1982
and 1986, and for whom follow up death certificatiwas available. They used the relative ratio
of telomere repeat copy number to single gene capyiber (called T/S ratio) in participant
samples compared with a single reference DNA sanipies is a commonly used method of

reporting telomere length (see measurement of eletength section 1.1.5).

1.2.7. Measurement of telomere length

The most commonly used approach in clinical anddepiological studies is to measure
telomere length in leucocyte DNA from peripherabdd leucocytes. This is mainly because
peripheral blood leucocytes are relatively easibtamed from participants and contain an
excellent source of telomeric DNA in their nucl@here is some evidence to suggest LTL
reflects alterations in telomere length in somatéls such as artery endothelial céffs.

Recently, Daniali and Aviet al?*

measured telomere lengths in leucocytes, skeletizcla,
skin, and subcutaneous fat in 87 adults aged 1¢e@vs of age. They found strong correlation
between age-dependent telomere length shorteniadj four tissues; although, telomeres were
found to be longest in muscle and shortest in leytes. Differences between the tissues showed
no significant change throughout the age rangey Tdmnclude that the differences between
tissues are likely to be established during eafty However, this was a cross-sectional study
rather than longitudinal measurement of telomermggtle in the same individuals. Further

research is likely to be required to confirm thasrelation.

LTL also appears to have important functional cgneaces that may contribute directly to the
pathogenesis of CVD. As the leucocyte cells becamgcally shortened and therefore
senescent, they secrete pro-inflammatory cytokifi€s. LTL can be measured as a one-off or

serial measurements can be used to quantify charegdime.
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Analysis and quantification of the terminal fragrteeaf DNA in PBLs can be undertaken using:

» Southern Blot — where isolated DNA is cut using @ecsfic restriction enzyme,
transferred to a gel membrane and separated biragboresis according to size. After
transfer to a membrane, a labelled probe is addeithwallows detection of DNA
sequences. It is very accurate and reproducibleveer, it is time consuming, relatively

insensitive for very short telomere lengths, arguines a large amount of DNA.

* Quantitative fluorescenda situ hybridization (Q-FISH) — this technique uses sgtith
DNA mimic probes called peptide nucleic acid to tigise denatured repeat sequences of
target chromosomal DNA using fluorescent microscoPglls or tissue embedded in
paraffin, rather than extracted DNA, are usedlldives single telomere or cell analysis and
therefore comparisons between cells can be undertddowever, as it requires cells to be
arrested in the metaphasic phase of mitosis, itn&ble to measure telomere length in

senescent cells.

* Quantitative real-time polymerase chain reactiom-ffCR) — this is based on the
quantitative PCR method first reported by Cawthon 2002'%° It amplifies and
simultaneously quantifies a targeted DNA sequemcepared with that of a single copy
gene. Therefore, it generates a ratio between tglorand the single copy amplification
termed T/S ratio. However, some studies reporedifices in mean base pairs (pb) by
previous correlations between PCR and Southern Wlbtle similar to quantitative PCR,
its key feature is that the amplified DNA is dessttas the reaction progresses in “real
time”. The higher possible throughput and less lahiotensive nature of this method have
led to its widespread use as the method of chaicéhé majority of studies. While
concerns exist over reproducibility and variabjlifyperformed with the required precision

and controls, accurate comparisons with Southernaoé achievable.

As each method employs different laboratory-basmulst and methodologies, comparisons
between studies have often been difficult. Garénel. in their meta-analysis of telomere length

and gender presented their findings stratified Isasarement methodolody.
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Southern Blotting is considered by many as thedga@ndard” assay; however, it requires large
amounts of intact genomic DNA,; is time-consumingstty; and requires a degree of expertise
to undertake the analys&8.These are less critical for gPCR; however, re$i@R inhibitors
may still be present in samples even after DNAfmation which could contribute to increased
variability in gPCR2"*?’

Variance is used to describe the level of varigbivithin a population independently of the
absolute values of the observations. If absoluteegare similar, populations can be compared
using their standard deviations. But if they diffearkedly, or are of different variables, then
you need to use a standardized measure - sucle asdfficient of variation. The coefficient of
variation (CoV) for a sample is the standard démmabdf the observations divided by the mean.
The most common use of CoV is to assess the poecd a technique. It is also used as a
measure of variability when the standard deviaisgoroportional to the mean, and as a means to

compare variability of measurements made in diffeumits.

Gardneret al.?’

in their systematic review and meta-analysis obrtedre length by gender,
found that the magnitude of the differences betweates and females varied by measurement
method. The summary estimates of effect (using radlam effects model) showed longer
telomeres in women only in the studies which udezl $outhern Blot method. The authors
suggested that “smaller measurement error in theh®m blot method as compared with RT-
PCR might explain greater consistency of findinggie inter-assay coefficient of variance was
reported as 1.4% to 12% for the studies using ®ontBlot methods and 1.7% to 11.1% for
those using RT-PCR. Aviet al’*® suggest that the inter-assay CoV measurementfeRyis
6.45%, while that of Southern Blots is 1.74%. CA\gBCR has been reported to be as large as
27%, which is thought to be so high that drawing aanclusions from such data is “fraught
with error"*® However, more recently quantitative Real-Time PQRI-PCR) has been

reported as <1% laboratories including the Shiisdt the University of Glasgoiv.
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1.2.8. Determinants of telomere length

Telomere dynamics appear to be complex and stromglyenced by endogenous and

exogenous factors. While telomere length appearde highly heritable and genetically

determined?” it can also be affected by many factors includizigmerase activity, rate of cell

division, and degree of oxidative stress whichtum, is likely to be affected by a number of

factors which are also considered as social determs of health, such as: genetics,

socioeconomic deprivation, environmental factord l#e style factors:

8,115
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Figure 6: Schematic representation of factors affémg telomere length and attrition.

Genetic factors

Short telomere lengths have been observed in humatis genetic syndromes that are

associated with accelerated ageing such as: Wersgridrome; congenital dyskeratosis; and

progeria (consistent with a significant genetic poment).

Hereditability of human telomere length has alserbeemonstrated in several studfes*

where it appears to partially explain inter-indivad variation®>® with the majority of the

variance in telomere length between close relathveing accounted for by relatedné$sin

1994, Slagboonret al®’ studied 123 human mono- and di-zygotic twin pairs] calculated 78%

heritability in telomere length. Monozygotic twingere found to have very similar mean

telomere lengths, whereas dizygotic twins showgdifscant differences. In 2008, Brouilet¢

al."** found a significant positive correlation in meafomere length between parents and their

offspring in 45 pairs where the parent had cororfaart disease (CHD) and 59 control pairs
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(r=0.37, p=0.002). However, there were significimitations. Only 67% of parents had
telomere analysis; “parent” could be either mothrefiather and the age range was limited.

Some studies have suggested that telomere lengttedominantly inherited paternally rather
than maternally**%*Barrett and Richarsofl suggested that the differences between the sexes
is due to deleterious recessive alleles on therdmabsome which have no compensatory alleles
on the Y chromosome. However, a recent study byBrbal ** examined father—offspring and
mother—offspring correlations in telomere lengtimoas four different study populations. The
resultant sample size was threefold larger thampraiious individual published studies. Their
results, contrary to previous findings, showed thia mother—offspring telomere length
correlation was substantially larger than the fetb#spring correlation (P=0.007). This may
suggest an X—linked component to inheritance. Dgevlet al!*® also found, in keeping with a
number of other studies, a positive correlatiombeetween the age of fathers (but not mothers)
and telomere length in their children. This suggehkat vertical transmission is important. It
could indicate that telomere length is not fullyset after fertilisation and that if paternal
telomere length is short this is inherited by tiispring. This is a scenario similar to that seen i
animals created by cloning, in particular when tlomor nucleus is harvested from an older
animal e.g. in Dolly the sheép’ However, under normal reproductive mechanisms gesits

are the source of parental DNA, which retain thiéitglio maintain TL using telomerase. This
may mean that genomic imprinting (an epigenetic nph@enon) may be a significant

mechanism; however the exact mechanism is unknown.

Epigenetics

Epigenetics can be defined as the study of heetelbdinges in gene expression that are not due
to changes in the DNA sequence. Epigenetics wstssilggested by Waddington who stated
that: “between genotype and phenotype, and comgettiem to each other, there lies a whole
complex of developmental processes” — he callesiahinplex the epigenotyp& Epigenetic
changes (such as DNA methylation) appear to svgéetes on or off and can determine which
proteins are transcribed by different cells. Epegansilencing is one way to turn genes off, and
it can contribute to differential expression. Sdemy might also explain, in part, why genetic

twins are not phenotypically identical. In additi@pigenetics is important for X-chromosome
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inactivation in female mammals, which is necessarthat females do not have twice the
number of X-chromosome gene products as méfdhus, there is evidence of significant
turning off of genes via epigenetic change. Reegperimental data point to epigenetics as a

fundamental process in telomere length and dynamics

Within cells, there are three systems that carrantewith each other to silence genes: DNA
methylation (a chemical process which adds methyDNA); histone modifications (histones

are proteins which can influence how chromatin nareged, which in turn, can determine
whether the associated chromosomal DNA will bedcabed); and RNA-associated silencing
(where RNA interference affects gene expressiongse€ are thought to be important in telomere

attrition.

Telomere length has been shown to be longesttht binortens rapidly until around 5 years of
age, remains relatively stable until early adulthdollowed by a more gradual reduction
thereafte:!* This pattern suggests that early life factors mail be an important determinant

of adult telomere length. While telomerase actiistyikely to be high in the rapidly dividing
foetal cells, little is known about telomere lengtianges in-utero. Growing evidence suggests
that antenatal stress and impaired intrauterineviraould lead to accelerated telomere attrition,
and thus shortened telomeres at birth, which mayrimresult in shorter telomeres in
adulthood'%° Therefore, a one-off measurement of telomere tengtild represent the combined
effects of both telomere length at birth and subsatjrate of attrition experienced by the
individual. This is in keeping with the life-courapproach to ageing suggested by Kuh and
others?®*Barker demonstrated a link between dysfunctionaivifn in early life and onset of
atherosclerosis later on in life. The Barker Hypsik proposes that events leading to restricted
growth in-utero may programme the foetus for inseghrisk of adult CVD and other long term
conditions with resultant premature de¥thThis restricted growth is thought to increase ROS
and oxidative stress. Several studies in animale heported that intrauterine adversity is
associated with shorter telomeres in cells of diffe tissuesEntringeret al. measured telomere
length in 94 healthy adult subjects, 45 of who wafspring of mothers who had experienced
severe stress during the pregnatféyfter adjusting for available potential confourslestress

during pregnancy was associated with shorter teletemgths in adult life. However, further
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research is required to investigate this.

Sex

While female sex is associated with a higher Ikpeetancy and longer life span in a number of
different populations, inconsistencies exist in literature regarding longer telomere length and

H4145.146\vhile others

gender. Some studies have found LTL to be longavomen than me
found no differencé*or even the reverf€to be the case. A recent meta-analyéisas been
conducted in accordance with PRISMA guidelinesmdtuded data from 36,230 participants (40
datasets from 32 separate studies) and showedathatyerage, females had longer telomeres
than males (age-standardised difference in teloteagth of: 0.09, 95% CI: 0.015, 0.16). There
was no evidence that this association varied bygagep (defined as above or below the median
age of 55.6 years); however, significant heteroggmhetween studies was detected. Only two of
the included studies assessed gender differendeBLirat birth.*®*°Okudaet al1*® found no
difference between the genders at birth, while Aubeal’*’ found that female newborns had
longer telomere lengths than males. These cowctagli studies led the authors to state that it
was “not clear if gender dependant differencespaesent at birth” and therefore it is unclear
whether or not differences in telomere length betwadult men and women occur at birth, or

are due to increased attrition throughout the fidges Okudaet all*®

suggest that the lack of
evidence for differences at birth indicates thatdes which contribute to telomere maintenance,

or accelerate attrition, are likely to accumul&etghout an individual’s lifetime.

There is evidence from studies of adults to supihist The Bogalusa Heart Study (participants
aged 19-37 years) found no difference in telomength between men and women, while the
Family Heart Study with its older participants {38 years) did*****'>? The Bogalusa Heart
study and Bakaesgt al***found that telomere attrition was slower in woncempared with

men. Bekaerét al. used a cross-sectional study design with 250%9cgzants to estimate yearly
telomere attrition rate, while the Bogalusa Heand$ used a longitudinal study design. Njajou
et al.}*® demonstrated that men have shorter overall TLfasigr rates of telomere attrition

over the 2.5 years they studied. However, in athefstudies, the association was not found to
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be strong.

Several hypotheses have been suggested to acoouseéx difference later in life. These include

the effects of oestrogen exposure on telomere hengn et al.'*®

reported that increased
endogenous oestrogen exposure was associated nedbegLTL, suggesting oestrogens may
decelerate cellular ageing. Exogenous hormonecepiant of oestrogen and progesterone have
also been associated with greater LTL in post-mansal womer®> In a molecular context, an
oestrogen-responsive element is present in tel@adranscriptase and therefore oestrogen may
up-regulate telomerase activity with a concomiiantease in telomere lengtff As discussed,
telomere length is sensitive to oxidative stresb\@amen have been found to produce less ROS

than men** this may also be mediated by oestrogen.

Lifestyle

The literature suggests that telomere length iscated with similar lifestyle factors to those
associated with CVD. For example, smoking has Iséemn to be associated with accelerated
telomere attrition in a number of studigs®® Valdeset al!*° observed that telomeres shortened
linearly with age by 27 bp (base pairs) per yea study of 1,122 white women aged 18 to 76
years. Age-adjusted telomere length was found te-Bebp shorter for every pack-year smoked,
with 40 pack-years of smoking corresponding toyédrs of age-related shortening in telomere
length. However, while this study adjusted for,agber confounders may be responsible for

the association. Morlat al1®°

observed a dose—response relationship betweenativau

lifetime exposure to tobacco smoking and shortdkr liifa case-control study of from 26 never-
smokers, 24 smokers with normal lung function a@@mokers with moderate-to-severe airflow
obstruction (forced expiratory flow in one seco®+4% predicted). Both of these studies are

cross-sectional in nature, making causual inferedécult.

It is thought that smoking acts by amplifying tissimflammation through oxidative stre'SS,

therefore augmenting the link between ageing and CVhe mechanism underlying this has
been studied at a cellular level, using culturedogimelial cells isolated from the internal
mammary artery of smoking and non-smoking patievita CAD. They suggest that cellular

senescence appeared to be independent of teloemgyth | but was strongly related to oxidative
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damage and markers of inflammatitSADespite this, the exact mechanism is unclear.

Weischeret al. investigated whether lifestyle factors were assted with telomere length
change in 4,576 healthy individuals from the gehpopulation'®® Individuals had relative LTL
measured twice with a 10-year interval, and ween ttollowed for a further 10 years after the
second measurement. They found that LTL shortemiag associated with smoking cross-
sectionally but not over the 10 years of follow-tjpwever, these findings may be subject to
survivor bias. In addition, the findings could kstty explained by regression towards the mean,
ie. the combined effect of biological and analytieariability will push the highest levels to a

lower level on retesting and vice versa for thogh the lowest levels.

Obesity has been associated with increased oxélatiess and DNA damadé® Although the
precise mechanisms linking obesity to age-relatedrders remain largely unknown, it has been
suggested that biological ageing driven by telonsér@rtening plays a central rdf&.In cross-
sectional epidemiological studies, shorter LTL basn associated with body mass index (BMI),
waist-to-hip ratio (WHR) and visceral &€ Also in an intervention trial of 521 subjects,
reduction in adiposity indices corresponding to aedNerranean diet intervention was
accompanied by increased LTt attributed to telomere maintenarté®Weight loss induced
by calorie-restricted diets was also found to bsoeisited with increased telomere length in
rectal mucosa of obese me&iHowever, these findings, in the literature, werienprily derived
from relatively small subgroups of patients or eesh subjects, and results were inconsistent
across study population&:+7+172173

It has been suggested that biological ageing teiteloy shortened telomere length is also
associated with diabeté:*">!"®Proposed pathophysiological mechanisms includelaation

in insulin secreting beta-cell mass in the pangneagaired insulin secretion and adipocyte
insulin resistance elicited by cellular senesceB8taedies on South Asian populations have
shown shorter LTL in individuals with either norsirlin dependent diabetes mellitus (NIDDM)
or impaired glucose tolerance compared to healmgrols*’**">*"®Harteet af'’* compared

LTL in South Asians with (n=142) and without (n-37Bype 2 diabetes (T2DM). This case-
control study found an association between LTL &yge 2 diabetes in men only (only 56 cases

and 43 controls). They also found that reduced bbserved in T2DM South Asian males was
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inversely associated with total cholesterol anglyderides. However, no association was found
between LTL and age, BMI, or waist circumferenchicli maybe as a result of the small
numbers included in the studydaikalakoteswaret af”® also found an association between LTL
and type 2 diabetes in south Asians. While thidystlid show an association between LTL and
age, it included only 40 cases and 40 controlsicleset al. demonstrated similar findings in a
case-control study (54 with type 1 diabetes, 74 wipe 2 diabetes , and 106 healthy controls)
for insulin dependent diabetes mellitus (IDDM) bwt for NIDDM, in Caucasian men®
However, LTL was not associated with duration @etyl diabetes. While diverse in aetiology,
there is a strong genetic susceptibility to typiabetes, which may also affect telomere length
and attrition. The studies by Hateal,'"* Adaikalakoteswareét al.}”® and Jeanclost al"® are

cross-sectional in nature, precluding causal imfees. However, Zhaet al”’

used the Strong
Heart Family Study to investigate the associatibiewukocyte telomere length at baseline with
future risk of diabetes over an average follow-epqu of over 5 years. They found that
individuals in the lowest quartile of leukocyteaelere length were at almost twice the risk of
developing diabetes compared with those with lomglemeres. Notably, they highlight a
nonlinear association between telomere length &tuktes risk in which the increased risk is
largely confined to those with the shortest telagriength — consistent with the hypothesis that
there is a critical limit of telomere length thatuces cellular senescence. A key strength of the
study is the prospective design, which should mirénhe possibility of reverse causality.
There are, however, some important limitationstipaarly given the long latency that can
precede diabetes diagnosis. Even with a 5.5-ydlamnfap period, many of those who went on
to develop type 2 diabetes were likely to be exgming subclinical metabolic changes at

baseline.

In the Helsinki Businessman Study, there was a-dependent, linear, inverse relationship
between LTL and alcohol consumption in 622 merofe#d up over 38 years to a mean of 78
years of ag€® Alcohol intake was assessed by self-report abéggnning of the study and LTL
was assessed in old age, thus restricting the stusiyrvivors, and did not contain data on
changes in LTL with time. In addition, data onéygf alcohol and pattern of use was limited.
While the statistical adjustments were appliedf@asured potential confounders, the authors

acknowledge that they could not exclude residaafaunders such as genetic and
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environmental factors. Again the mechanism of telmshortening associated with alcohol
intake is currently unknown; however, possible arptions include alcohol-induced oxidative

stress and inflammation.

Ornishet al!"®undertook a small pilot study which showed for fingt time that improvements

in diet, exercise, stress management and socigosumay result in longer LTL. The study
included 35 participants who all had biopsy-prol@n-risk prostate cancer and had chosen to
undergo active surveillance rather than conventitneatment. The intervention group (n=10)
underwent a lifestyle intervention. This was thestficontrolled (but non-randomised) trial to
show that a lifestyle intervention may lengthen LDker time (the difference remained
significant at 5 years). It also demonstrated aed@sponse correlation between degree of
lifestyle change and increase in LTL. However, generalizability of the study findings is
limited because all participants had prostate gangeaddition, debate exists as to whether this
apparent lengthening of telomere length may besaltre®f changes in peripheral blood stem

cells or shifting patterns of leucocyte sub-popatad rather than being an actual increase.

Environment

Hoxhaet all’®

evaluated telomere length in the leucocytes derfivath 57 office workers and
77 traffic police officers exposed to traffic pditn. Exposure to pollution was assessed by
levels of toluene and benzene measured using ar@rpassive sampler over 1 work shift.
After adjusting for available confounders, the witkach age-band telomere length was shorter
in traffic police officers than office workers. Hewer, the non-random selection of participants

and potential residual confounders are limitatiohthis study.

A number of studies have examined the associatetwden area, Socio-economic status,
deprivation and LTI%'° Robertson and Shielst al’®® found that the rate of age-related
telomere attrition was significantly associatedhwaw relative income, housing tenure and poor
diet. Notably, telomere length was positively assted with LDL and total cholesterol levels,
but inversely correlated to circulating IL-6. Hoveeyno such association was found with area-
based measures. However, this meta-analysis ofu@y populations found weak evidence for

an association between SES (when measured by emh)cand biological ageing (as measured
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by telomere length), although there was a lack aiststent findings when different SES
measures investigaté®f. This meta-analysis was conducted following the sbbBRISMA
guidelines and different SES measures were inclinége same analysis (social class, income,
and employment status), which allowed each of tkéaranalyses to be maximized in terms of
size. In addition, a wide range of sensitivity asak were conducted to investigate the effect of
different aspects of study heterogeneity on thelifigs. While the studies were limited to
English language only, there was little evidenceudilication bias based on the funnel plots and
rank correlation results.

1.3. Coronary artery disease

1.3.1. Definition

CVD are diseases relating to the heart, blood V&see the circulatory systemHistorically,
they comprised of various diseases including: héaftire, CHD, stroke — ischaemic and
haemorrhagic, arrthymias, and peripheral artergadis. The International Classification of
Disease (ICD) is the accepted standard to clagssiyases and other health problems; recorded
on many types of health and vital records includiegth certificates and health records (ICD 10
is the current version in use). In this classifmat CVD also includes: rheumatic heart disease;
valvular heart disease; disorders of the venouslanghatic system; hypertension; pulmonary
artery disease; peri-, myo- and endo-cardial dasrdlood vessel aneurysms; and intracranial

haemorrhages.

CHD, ischaemic heart disease (IHD), and CAD arerofised interchangeably; however, CAD
usually refers more specifically to atheroscleratiwolvement of the coronary arteries. In
contrast, IHD most commonly refers to the pres@madf clinical symptoms and CHD often
includes other causes of inadequate blood flow tsates, such as valvular heart disease or
pulmonary hypertension. For the purposes of thesi) CAD will used to denote atherosclerosis

of the coronary arteries.

Atherosclerosis is a complex process affectingctirenary artery vessels walls. The endothelial

cells that line arteries provide a semi-permeahbleidr between the blood stream and the artery
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wall. Their main function is to regulate the excpanof fluid, nutrients, gases, and waste
products between the blood and tissues. Endotheb#is also regulate constriction and
relaxation of vessels by releasing vasodilatory enales (e.g., nitric oxide (NO) and
prostacyclin (PG)) and vasoconstrictive molecules (e.g., endothahid angiotensin-Il). They
provide a unique surface that normally allows tle#utar elements of blood to flow without

adhering to the vessel lining.

Atherosclerosis is a disease process which is sowegttriggered by quite subtle physical or
chemical insults to the endothelial cell layer dedes. The "Response to Injury Theory" now
has widespread acceptance in the literattfr@his theory suggests that the earliest event in
atherogenesis is injury to the endothelium, whieh be triggered by any number of insults,

either alone or in combination. These include;

* Physical injury or stress as a result of direatrtna or hypertension

* Turbulent blood flow, for example, where arteriearth

» Circulation of reactive oxygen species (oxidatitre ss)

* Inflammation

» Hyperlipidemia (high blood concentrations of Lowri3#y Lipoprotein (LDL) or Very
Low Density Lipoprotein (VLDL)

» Chronically elevated blood glucose concentrations

* Homocysteinaemia, in which an inherited metabodifedt leads to very high levels of the

homocysteine, a metabolite of methionine, high eatrations of which are toxic to the

endothelium

In response to these insults, perturbation occurerevthe endothelial cells secrete cytokines
which then trigger and maintain an inflammatorypsse. The endothelial cells begin to
produce cell surface adhesion molecules, causingoyes and T-lymphocytes (specific types

of leucocytes which play a central role in cell-nageld immunity) to adhere to the endothelium
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and then migrate beneath it, by squeezing betweereridothelial cells. Circulating monocytes
and T-lymphocytes are attracted to the sites ofynpy the cytokines.

The endothelial cells also change shape, causmgght junctions between endothelial cells to
loosen, increasing the permeability to fluid, Igidand leucocytes. Lipoprotein particles, and
especially LDL, enter the artery wall and undergaation. Oxidation of LDL in the artery wall
occurs as a result of its exposure to nitric oxisecrophages, and some enzymes such as
lipoxygenase. Once they have migrated into thematiayer, monocytes differentiate into
macrophages and begin to take up oxidized LDL hlaatentered the intima. Macrophages retain
the lipid they take up, and as they become mord-lgden, they are referred to as "foam cells.”
Eventually, the foam cells will undergo apoptosisd adie, but the lipid will remain and

accumulate in the intima.

Fatty streaks are the first signs of atherosclertist are visible without magnification. A fatty

streak consists of lipid-containing foam cells le tartery wall just beneath the endothelium. It
appears as a Yyellow discoloration in the artemfsei surface and occurs in the aorta and
coronary arteries of most people by age 20. Ovee tithese fatty streaks can evolve into

atherosclerotic plaques or they can remain stabéwen regres$?

Slowly growing plagues expand gradually due toabeumulation of lipid in foam cells and the

migration and proliferation of smooth muscle celleese plagues tend to stabilize and are not
prone to rupture. The so-called fibrin cap on #®dn matures. These plaques can build up and
harden causing narrowing with reduction of bloaflto the heart. This can cause symptomatic

(angina) or asymptomatic ischaemia.

In contrast, other plagques grow more rapidly assult of more rapid lipid deposition. These
have thin fibrin caps that are prone to ruptureic®a plaque ruptures, it can trigger an acute
thrombosis (clot) by activating platelets and thettimg cascade. This blood clot can cause
partial or complete blockage. This results in anSA&'®

ACS is a spectrum of events which include:-

* STEMI (ST elevation MI) — elevation of the ST segiis seen on the electrocardiogram

(ECG) — this is often referred to as an acute migbahinfarction (AMI) or heart attack
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and usually involves complete blockage of the grt€@ardiac enzymes are raised.
(Cardiac enzymes are proteins produced by the dednlagart muscle and released into

the blood stream).

NSTEMI (Non-ST elevation MI) — is where there is ANl but ST elevation does not

occur on the ECG. This is usually associated watigl rather than complete blockage
of the culprit artery. Cardiac enzyme blood tests aso raised in NSTEMI (although

often not as high as in STEMI), indicating that @ is occurring to heart muscle.

Unstable angina — this is where there is partiatkdge of the artery but the severity is
insufficient to cause release of cardiac enzymeasvdver, this is also thought to be
caused by coronary artery spasm where there maattial and temporary blockage of

arteries.

Adventitia ~ Adventitia
——Media :
—Intima

Atherosclerosis ~Lipids

7— Atherosclerotic plague

NORMAL FIXED CORONARY OBSTRUCTION
(Typical angina)

Flatelet
aggregate
Healing

PLAQUE DISRUPTION . .
Severe chronic coronary artery disease

Thrombus /\ Thrombus

ST-elevation Ml or sudden death Non ST-elevation Ml or Unstable
angina or sudden death

Figure 7. Coronary artery disease morphology
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Stable CAD is characterised by episodes of revierssishaemia or hypoxia (transient imbalance
between blood oxygen supply and myocardial demasdally induced by exercise, emotions or
other stressors, although it can occur spontangotishditionally the underlying mechanisms
are thought to be plaque related obstruction obrary arteries. However, more recently, focal
or diffuse spasm of normal or plaque diseased iastemicrovascular dysfunction and left
ventricular dysfunction have been shown to alsseaymptoms of CAD.These mechanisms

are thought to be able to act singly or in combamat

Stable CAD and ACS are not considered to be distamtities, rather they are part of a
continuum; although stable CAD lesions less commastiow erosion or rupture of the

endothelial layer.

1.3.2. Epidemiology of coronary artery disease

CVD is the leading cause of death worldwide; therM/élealth Organisation (WHO) estimates
that globally 17.3 million people die from CVD eaghar'®* Of these deaths, an estimated 7.3
million were due to CAD. CVD is projected to remalme leading cause of death with the
number of people who die from heart disease arukesrincreasing to 23.3 million by 2030.
WHO statistics are often the most complete, conipeyar often the only data available on a
global scale. However, the quality of the dataexi#d varies substantially across countries.
Many high income countries have highly evolved trealurveillance and death certification
record systems. However, in many countries—esggc¢ralow and middle income countries—
health statistics are often based on surveillahaé does not cover all areas of the country, is
incomplete in the areas it does cover, or is ctkkdy undertrained staff who may not

accurately report the pertinent data.

In the United Kingdom (UK), there are around 180,@@aths recorded each year from CVD,
with CAD being the most common cause (45%). Mdxtabtes for CAD have been falling in
the UK since the early 1970s; although this hderiainore slowly in younger age groups, with

CAD being the leading cause of premature mortaligspite these declines, mortality rates
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from CVD and CAD in the UK remain amongst the higthen Western Europe. Declining
mortality rates have been attributed to reductionmajor risk factors, advances in treatments
(such as improved management of AMI resulting imeduced case fatality rate), and to

secondary preventiofi®

Within the UK, mortality rates from CAD are highestScotland and the North of England and
lowest in the South of England. For example, them@ture mortality rate from CAD for men
living in Scotland is 65% higher than in the Sowmest of England and 112% higher for
women'®®187 Within Scotland itself there are also geographariations in mortality rate

declines***Reductions have been slower in the most deprivedsanf Scotland than elsewhere,
meaning that relative inequality has increasedhtliigover the long-term while the absolute
inequality gap has narrowed. However, there arassipat relative inequality has begun to

stabilise in recent yeafs.

Incidence of AMI has also been declining, with thest recent Scottish estimates (based on
hospital and death certification) suggesting arca2$%% decrease from 2002 to 2010. However,
the absolute number of people who have had an A&dl dctually increased since the 1960s.
This is because incidence of AMI increases with agé Scotland has an increasingly ageing
population. Age-sex standardised incidence ratesMI| decreased by 22.3% between 2003/04
and 2007/08 but increased by 12.9% between 20G#88010/11. This increase is thought to
be due to the introduction of more sensitive tdstsdiagnosis (such as cardiac enzymes),

meaning that more cases are being diagnosed wit{ivin

Data on CAD morbidity are harder to collect. In ®mod the incidence of CAD has been
tracked using the Information and Statistics Dais(ISD) linked data set (based on national
hospital discharge records). Incidence of CHD hasrehsed over the past decade, with the
standardised incidence rate falling by 27.3% froéi.3 per 100,000 in 2003/04 to 262.8 in
2012/13. Between 1994 and 2003 incidence fell 5% 14 men (from 585 to 501 per 100,000)
and by 19% in women (449 to 366 per 100,000). krooe rates for CHD also show regional
and socioeconomic variations within Scotland. Bamaple, the age-sex standardised rates were
238.0 per 100,000 in 2012/13 in the NHS LothianItheBoard area compared with 286.9 per
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100,000 in the more deprived Greater Glasgow andl€CHealth Board area. Although the
premature death rate has fallen across all soomalpg for both men and women in the UK, the
decline has been greater in people in higher secimomic group&® The incidence of CAD
increases sharply with age. In Scotland, the staligkd incidence rate for the under 75 age
group in 2012/13 was 197.5 per 100,000 compared iy829.2 in the 75 and over group.

Data on prevalence of CAD in Scotland can be obthirom a number of sources including: the
Scottish Health Survey, and ISD (which uses inpat@spital discharge and day case procedure
data). The self-reported prevalence of CAD was dotmbe 7.3% (8.2% of men and 5.7% of
women) in the 2012 Scottish Health Survey, witts tehowing little change since the 2003
survey. However, this rose to 30.7% in men and %102 women, for those aged 75 years and
over. ISD estimates the prevalence of CAD in Soatlto be 3.3% (4.2% in men and 2.5% of
women) and that 16% of the Scottish population agedears and over is living with CAD.
Similar to incidence, ISD found marked socioecorowariations in prevalence, for example, in

some more deprived areas around 25% of men aggears and over are living with CAD.
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1.3.3. Symptoms of coronary artery disease

The main symptom of CAD is chest pain. It is oftlscribed as feeling like a dull, heavy, or
tight pain. It can also spread to the left arm kngmw, or back. However, the presentation of

CAD chest pain is variable. The traditional classifion of chest pain is:

Typical angin Meets all three of the following characterist

* Sub-sternal chest discomfort of
characteristic quality and duration

» Provoked by exertion of emotional stress

» Relieved by rest and/or nitrates within

minutes
Atypical angina (pobable Meets two of these characteris
Non-anginal chest pai Lacks or meets only one or none of th

characteristics.

The Canadian Cardiovascular Society (CCS) classifio is widely used as a grading system
for severity of stable angirt& It quantifies the threshold at which symptoms edouelation to
physical activities. The Rose Angina Questionnargmilar and can also used for this purpose,

although it is usually used as a screening tooCfab in epidemiological studi€§?

CCSclassificatiol Descriptiot

Class Ordinary activity does not cause angina such akimgbnd climbing stairs
Angina with strenuous or rapid or prolonged exartid work or recreation.

Class | Slight limitation of ordinary activity. Angina onadking or climbing stairs
rapidly, walking or stair climbing after meals,iorcold, wind or under
emotional stress, or only during the first few hoafter wakening. Walking
more than two blocks* on the level and climbing etitan one flight of
ordinary stairs at a normal pace and in normal itimmg.

Class Il Marked limitation of ordinary physical activity. ima on walking one to tw
blocks on the level or one flight of a stairs immal conditions and at a normal
pace.

Class I\ Inability to carry orany physical activity without discomfo— angina

syndrome may be present at rest'.

*Equivalent to 100-200m
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Sometimes CAD chest pain can be difficult to digtiish from other causes of chest pain (such
as oesophageal pain) and therefore further invasgtiy may be indicated. The latest European
Society of Cardiology (ES€)guidelines on the management of stable CAD hasemenended
applying a well-validated prediction rule (to deéme risk of CAD) containing the five

determinants:

. male> 55 years or female 65 years);

. known vascular disease;

. patient assumes pain is of cardiac origin;
. pain is worse during exercise; and

. pain is not reproducible by palpation.

According to the guideline, using one point forledeterminant can be used to rule-out CAD at
a specificity of 81% (fo2 points) and a sensitivity of 87% (for 3—5pointdpwever, they
emphasise that this rule should be used in theegbif other clinical information, such as the
presence of cough or stinging pain (making CAD mamékely). In contrast, clinical features
such as radiation of pain into the left arm, kndverart failure and diabetes mellitus make CAD

more likely. Some people with angina also beconeathiess when they exert themselves.

1.3.4. Investigation of coronary artery disease

After considering general health, co-morbiditiesl @uality of life (QoL), non-invasive testing
for CAD includes:

* Resting electrocardiogram (ECG) to look for evidentischaemia (such as ST/T
changes) which may show other abnormalities, saaoaduction defects which may
contribute to symptoms. A normal resting ECG isunmatommon in stable CAD and can

occur irrespective of severity of angina. All patewith suspected CAD have ECGs
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undertaken prior to more advanced or invasive igaons. In addition, ECGs are
sometimes carried out in routine clinical situatigfor example prior to surgery). If the
ECG changes are consistent with CAD, irrespecthwymptoms, this may prompt a
diagnosis of CAD (for example. if the ECG is coteng with previous AMI) and/or
further investigation.

ECG exercise testing is useful in patients withpsated CAD and an intermediate risk
based on the pre-test probability (PTP) (see b&ownore discussion on PTP). ECG
monitoring is undertaken while the patient is eisng using a treadmill or bicycle to
look for evidence of ischaemia — either duringrothie recovery phase. Positive finds
can also lead to more advanced or invasive invessigs.

A chest X-ray is useful in patients where thersuspicion of a pulmonary cause and to
assess if the heart appears enlarged - indicativardiomyopathy or heart failure.
Echocardiography at rest is generally undertakessess cardiac structure and function.
The diagnostic yield of resting echocardiographmanly in sub-groups with murmurs,
previous MI or symptoms/signs of heart failure. Hwer, as left ventricular function is
now an important risk predictor, the current ES@lglines recommend that it is
performed in all patients presenting with sympt@umggestive of angina. Therefore
patients attending for invasive investigationshie tuture will have had an
echocardiography. This allows an assessment dghttieness of the heart muscle to look
for hypertrophy. Measurement of the left ventricudgection fraction (volumatic fraction
of blood pumped out of the left ventricle with eantraction of the muscle) can also be

undertaken using echocardiography. This is usedgess left ventricular function.
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* In ACS, biomarkers of myocardial injury, such agptsnin, should be measured.
Troponin can be raised in patients with stable CA@wever, the levels are usually
below the cut-off for being defined as elevated enadlevel provides no additional
diagnostic or prognostic benefit in stable CAD. f&fere, it is usually reserved for

patients presenting as an emergency with suspédktd

Invasive coronary angiography

Coronary angiographig an invasive diagnostic procedure which is gdhecansidered as the
“gold standard” in diagnosing CAE? It is used to visualise the coronary arteriesnvblves

the injection of an iodine based contrast intodbeonary arteries. The contrast absorbs X-rays,
making the blood vessel lumen radio opaque, andlymiog a sharp contrast with the
surrounding cardiac tissue. An image intensifienvasts the X-ray shadow into a visible light
displayed on fluoroscopic monitors or a flat pashetiector can be used to produce a direct digital

image signal from the original visible light flu@®ence.

After introduction of local anaesthesia, percutarseaccess to a large peripheral artery (such as
the femoral, radial or brachial artery) is achievu®d puncturing the skin. A sheath is then
inserted into the artery. Heparin (an anticoagulesed to inhibit thrombus formation during the
procedure), nitrates (a vasodilator) or other aaljindrugs may be inserted into the blood stream
via this sheath. Through this, a small cathetéeds via a guide wire, to the coronary ostia of the
aorta, where the coronary arteries originate. Gahttan then be injected into coronary arteries
and X-ray films are taken rapidly (Cine imagesystmw the vessels filling with blood and the
sites of any stenosis (narrowing of the arteries) loe seen.

The heart is supplied by the right coronary artemngl left coronary artery. The left coronary
artery is wider. The first part, termed the leftimstem (LMS) is around 1cm in length. It then
divides into the left anterior descending artergt #re circumflex artery. The left coronary artery
and its branches are most commonly found to beosezhin CAD. In around 70% of people, the
right coronary artery supplies the posterior dedoen coronary artery. This is described as

being right-dominant, while around 20% are left dwent (where the left coronary artery
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supplies the posterior descending artery), andratdid% have c-dominant supply from bot
the right and the left coronary arteries. Tlvessel disease (involving 3 arteries) with proxi
stenosis, significant stenosis he LMS and proximal anterior descending arteryolesj have

been associated with higher mortality re***

Superior vena cava Left pulmonary artery

Left pulmonary veins
Aorta

Left coronary artery
Right atrium

. Left circumflex artery
Right coronary

artery Left marginal artery

Posterior

descending artery Left anterior descending

(or interventricular) artery

Right diagonal branch

marginal artery

Left ventricle
Right ventricle

Figure 8. Anatomy of the coronary arteries

The severity and manifestation of CAD generallyategs on the degree of stenosis and or
typeand number of arteries affected. However, paraddiyicsevere stenosis can result in nc

mild symptoms, and conversely severe symptoms cauron patients with mild stenos

Currently, the ESCdefines significant stenosis & 50% in the LMS (or <90% in tw
angiographic views when there is no evidence dfdsemia) or>70% in one or several of tl
major coronary arteries (althou> 50% has been used in the past and is currenttyinsaether

areas of the world). Single vessel disease (SVeined as a significant stenosis in one of
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major coronary arteries, other than the LMS. Maéisel disease generally refers to significant
stenosis in two or more vessels. Involvement of tMS is often classified as multivessel
disease or as “MVD with LMS” involvement to distingh it from MVD without significant
LMS stenosis. The term triple vessel disease ie aked to describe MVD where there is

involvement of the right coronary artery, left desding, and left circumflex.

However, classification of angiographic appearaoicéhe coronary arteries has evolved over
time based on evidence from clinical trials. Onehsclassification is the SYNTAX scorifd;
The SYNTAX score is an angiographic grading tootletermine the complexity of CAD. The
SYNTAX score was developed by Serruys and colleagti¢he Thoraxcenter, Erasmus Medical
Center in The Netherlands and was published in 250Bhe SYNTAX score was derived from
pre-existing classifications, including the AmarmcHeart Association (AHA) classification; the
Leaman score; the American College of CardiologZ % AHA lesion classification system;
the total occlusion classification system; the Dakal International Classification for Patient
Safety (ICPS) classification system for bifurcatlesions; and a consensus opinion from among
the world’s experts. The coronary artery tree i8ddid into 16 segments according to the AHA
classification (Figure 8). Each lesion is givencars of 1 or 2 based on the presence of disease
and this score is then weighted based on a chdlnt,walues ranging from 3.5 for the proximal
left anterior descending artery to 5.0 for left maand 0.5 for smaller branches. The SYNTAX
score is the sum of the points assigned to eadkidu@l lesion identified in the coronary tree
with >50% diameter narrowing in vessels >1.5mm ditan The ESC currently recommends
that the SYNTAX score is derived and used for dosgic and management decision making.
For example, it recommends that a patient with &BAX score>33 with LMS plus 2 or 3
other vessel involvement, undergo CABG (as longtlesy have a low risk of surgical
complications) rather than PCI. However, decisiaakimg is also influenced by a number of
factors including: patient preference, assessmiepotential risks from surgery, clinical factors,
and clinical team decisions.

As with any invasive procedure, coronary angiogyaphassociated with a number of potential
complications such as: access site complicatioeeding, pseudoaneurysms, fistulas, or
infection); renal failure resulting from contrasedium damage; stroke; AMI; cardiac

arrhythmias; aortic aneurysms; and damage to trenaoy vessels (perforation, embolism, or

65



dissection). However, the risk of any complicatthming coronary angiography is said to be
1%-2%, with the risk of death, AMI or stroke arouhd%- 0.2% 3

The methods used to perform coronary angiographye heproved substantially since its
introduction, with, for example, vascular closusyides (medical devices used at access sites to
achieve haemostasis). This is especially true d&aoiial access rather than via the traditional
femoral artery route. Since its introduction byclan at the Montreal Heart Institute, radial
access has been increasingly used, particulatheitdK (with recent BCIS audit suggesting that
65.3% of procedures are now undertaken using radi@ss). It requires less contrast mediim
and carries a lower overall risk of complicatiofesyer access site complicatiof?s;**>**fewer
bleeding episodes and a reduced likelihood of rdaatage. Because there is better collateral
circulation, there is less chance that an accésscemplication will result in limb-threatening
damage. Collateral circulation can be assessed faricoronary angiography, by measuring the
time for the hand’s circulation (colour) to retumnormal following compression of the radial
artery (known as Allan’s test). Despite the radigery having a smaller diameter than the
femoral artery, the success rate (defined as ssfttdsalloon dilatation with or without stent
placement and <30% residual stenosis) associatbdradial access is well over 90%.Radial
access, with its lower complication rate and thespgality for early ambulation, has facilitated
the use of day case and rapid discharge protoop|satients who have had a successful PCI and

are at low risk of complications (following the Atasdam criteria for same day discharg&).

Guidelines for investigating CAD have evolved basadcemerging evidence and innovations in
non-invasive techniques (see below). Currently e-$tage approach is recommended based on
clinical assessment of risk of CAD followed by assaent of the likelihood of benefiting from
invasive management for those found to be at isectaisk of CAD. Risk is assessed using the
PTP. The PTP is influenced by the background pesea of CAD in the population and the risk
factors and clinical features of the individuakluding age, gender and nature of the symptoms.
Points are assigned to the presence of these $aeoabling patients to be classified into four
categories based on their likelihood of having CADw-likelihood (PTP < 15%), low-
intermediate likelihood (PTP 15-65%), high-internage likelihood (PTP 65-85%), and high-
likelihood (PTP > 85%). Low-likelihood patients aret recommended for further investigation.

High likelihood patients (defined as a PTP >85%) assumed to have CAD without need for
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further non-invasive testing. Those with an intediate risk should be referred for further
investigations, such as non-invasive testing oromary angiography (depending on the

availability of non-invasive testing and severifysgmptoms).

Coronary angiography has a sensitivity of is 95-98%d specificity of only 64-83%and is
associated with a risk of a major complication €#llbow). Therefore it is recommended to
be used in those who would most benefit from remasisation, for example, high PTP,
where it is used to assess the severity of CADfarin future management options (such as,
PCl or coronary artery bypass grafting (CABG)); in patients where theifigsl of non-
invasive testing are inconclusive or in those where optimadical management fails to
control symptoms (also in some professions for regulateagons). However, severity of
clinical symptoms, the patient’s risk of adverse events fromomary angiography, and
patient preferences, are also taken into consideratiost@nndining investigation of CAD. In
addition, while coronary angiography is an important sixainvestigation to assesses the
presence and severity of coronary artery stenosis,erturunderstanding of angina
demonstrates that clinical symptoms can be more severestiygested by the degree of
stenosis and that angina can be caused by other mecba(ssich as microvascular

dysfunction).

Additional imaging procedures, such as intra-vascularadtnad (IVUS) and fractional flow
reserve (FFR), may be performed along with coroaagiography in some cases to obtain
detailed images of the walls of the blood vessels. Bothesfet imaging procedures are currently
only available in specialized hospitals and researchentyith IVUS, a miniature sound-probe
(transducer) is positioned on the tip of a coronary tatheligh-frequency sound waves produce
detailed images of the inside walls of the arteries. TherdfdtS produces a more accurate
picture of the location and extent of plaque. With FFR, viéstod medication is used to perform

a very high quality stress test over a short segmethieddrtery.

Prior to recent guidelines, coronary angiography wasidered a first-line investigation among

patients at high risk of CAE?® All men and women older than 70 years with typicatypical

symptoms were considered to be at “high risk”. Tfwes in the past, elderly patients were

more likely to have undergone coronary angiographysplite of being at higher risk, previous

studies have suggested that elderly patients may recedge alggressive investigation and
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management of CAPP??% Having a higher threshold for investigation among thderéy
results in diagnostic coronary angiography being delaydd the disease and symptoms are

so severe that they are less amenable to PCI.

The literature suggests that elderly patients may be atased risk of complications
following coronary angiography**** However, elderly patients have historically been

underrepresented in large epidemiological and clinicalesdtf
Non-invasive investigations

Non-invasive imaging includes multi-detector computed tamagolgy, cardiac magnetic

resonance imaging, or myocardial perfusion scintigyagduch as,single-photon emission
computed tomography or positron emission tomography).eThes contrast or isotopes injected
into a peripheral vein (intravenous injections) to visualise ¢bronary arteries. Therefore,

unlike coronary angiography, which requires artergeas for a catheter to inject contrast
directly into the coronary arteries, these non-invasiaging techniques are not associated with
access site bleeding or coronary artery damage. Aviyadi these tests varies across the UK.
Stress testing can also be undertaken in conjunction withrmvasive imaging and can provide

an assessment of coronary artery function. Sensitivétiel specificities for these techniques
vary depending on the test. Further discussion on n@sive imaging techniques is outwith the

scope of this thesis.

1.3.5. Management of coronary artery disease

The management of CAD has improved significantly over ltst few decades resulting in
improved life expectancy and survivalt can be managed using either medical therapy or
revascularisation. As discussed, revascularisation eathieved via PCl or CABG. In addition
to these, lifestyle (and environmental) modification shoaldays be addressed e.g. diet,
exercise, smoking, exposure to second hand smokiregidsll therapy includes statins to

maximise blood lipids, ACE inhibitors to manage blood gues and left ventricular function,
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anti-anginals (e.g. nitrates) for symptomatic relief, anipkatelets (where indicated) which are

used to prevent the formation of blood clots.

Percutaneous coronary intervention

PCl is a non-surgical procedure used to open narromwexhary arteries to improve blood flow
to the heart. PCI is also known as balloon angioplastpeacutaneous transluminal coronary
angioplasty (PTCA). PCI can be performed as an immetbdtsv-on procedure if significant
stenoses are identified during coronary angiography oray tre performed as a separate
procedure. PCI can be used to treat patients with Stz or patients presenting with AMI. In
relation to the latter, it can be used as the first-limattment (primary PCI) or following failure
of anti-thrombotic medication (rescue PCI). PCI encomggmasumber of techniques including:
balloon angioplasty (sometimes described as “Plain addloBn Angiography” (POBA)),
insertion of a coronary stent, rotablation, a cutting ballmoa combination of these.

Balloon angiography: during balloon angiography a small ballat the tip of the catheter is
inflated within the stenosed lesion, compressing the fattyuplad dilating the vessel lumen
and increasing blood flow to the heart. This procedareometimes complicated by vessel
rupture, aneurysm formation, and acute occlusion. Asusésrl, angiographic appearance (for
example, which vessels are involved, SYNTAX scorediepa preference, clinical factors, and

clinical team decisions, all influence whether patients havel affertaken.

Balloon angioplasty with stenting: Increasingly, balloon angioplasty is often used in
combination with insertion of a coronary stent in order ttuce the risk of requiring repeat
revascularisation. A stent is a small, metal mesh tulieattia as a scaffold to provide support
inside the coronary artery. Coronary stents can be ditlrer metal or drug-eluting. A balloon
catheter, placed over a guide wire, is used to insersté@ into the narrowed artery. Once in

place, the balloon is inflated and the stent expands tozb@fthe artery and holds it open. The
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balloon is deflated and removed, and the stent stays ie placnanently. Over a period of

several weeks, the artery heals around the stent.

Drug-eluting stents: Drug-eluting stents contain a medication that is activelgasdd at the
stent implantation site and reduces the risk of stent thrsisibas a result of delayed
development of endothelial layer cover. Concern was raise&2D06 regarding the safety of
drug-eluting stents due to the risk of late stent thrombzausing AMI. In 2007, the Food and
Drug Administration stated that drug eluting stents, when usecbrding to approved
indications, are safe and effectf’é However, longer post PCI antiplatelet use is advised with
drug eluting compared with bare metal stents to reducesthef late thrombosis. The majority
of stents deployed during PCI procedures in the UK avedrug eluting’

Rotablation: In rotablation, also known as percutaneous translumatational atherectomy, a
special catheter, with an acorn-shaped, diamond-co@tes guided to the point of narrowing
in the coronary artery. The tip spins at high speed amdiggaway the plaque on the artery
walls. This process is repeated as needed to removéotti@pe and improve blood flow. The

microscopic particles enter the bloodstream and are filmueby the liver and spleen.

Cutting balloon: The cutting balloon catheter has a balloon tip with smalldslativhen the
balloon is inflated, the blades are activated. The small bleee the plaque, then the balloon
compresses the fatty matter into the artery wall. Tips ©f balloon may be particularly useful

in treating the build up of plaque within a previously plastht (restenosis).

While medical therapy remains the cornerstone of the neamagt of chronic stable angina,
randomized trials have consistently demonstrated gregteptematic relief from coronary
revascularization compared with medical therapy af8h&>2%°?°Since the introduction of PCI
in the UK in 1991, there has been a major shift in thegtmm of patients treated with PCI
compared to CABG. The number of CABG operations peréal each year rose until 1997 then
remained relatively static until falling again after 2007.
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In Scotland, the number of CABG operations decrease £2,032in 2008/09 to 1,919 i
2009/10. This follows a slight increase between the y2ae99/10 and 2010/11. Howev
overall there is was general downwards trend in the nisxdfeCABG operations which, aga
is thought to reflect the increased use of PCIl. number of PCls increased from 6,.in
2008/09 to 6,583 in 2009/10.
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Risks associated with percutaneous coronary interveion

Similar to coronary angiography, PCl is associated withnabeu of potential complications
such as: access site complications (bleeding, pseudganey fistulas, or infection);
myocardial infarction; cardiac arrhythmias; aortic aneurysmd stroke. Damage to the
coronary vessels (perforation, embolism, or dissectiompi® likely with the balloon inflation
or stent deployment of PCI. Risk of renal failure resultiogn contrast medium damage is also
more likely in PCI as larger amounts of contrast maytlised to guide balloon inflation, stent
deployment, and to assess their effects on lumen patéady.stent thrombosis is a risk until
the stent becomes covered with an endothelial layer. Tésepts more frequently during the
first month, occurs in 1-2% of patients, usually presastan AMI, and is associated with high
mortality. To reduce the risk of stent thrombosis, antiplate&rapy is given to patients
following PCI. Restenosis of the artery lumen is also possihleh can may result in a angina
symptoms, AMI, sudden death, or need for repeatselarisation. In patients with three-
vessel disease, the evidence suggests that, while threr@iser all difference in mortality
between management by CABG or PCI, CABG is associaithdemower requirement for repeat
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revascularisation. Further discussion on the risks ofifP@lation to elderly patients can be

found below in Chapter 2.1.

1.4. Health related quality of life

The World Health Organization defines health as "a stateraplete physical, mental and
social well-being and not merely the absence of diseaisdirmity."°® This definition

highlights that health is not simply the absence of pagjydbut is a multidimensional concept
that captures several domains of well-being simultaneo8styilarly, health related quality of
life (HRQOL) has evolved as a multi-dimensional conegpth includes domains related to
physical, mental, emotional and social functioning. HRQO4. Itesen studied for at least 40
years with no commonly accepted definition of the coné@ften HRQOL is synonymously
referred to as simply quality of life (QoL) in contektsluding health research and will be used

in this way throughout this thesis.

The Central Union for the Welfare of the Aged defines @e “an individual’'s understanding of
his/her life situation with respect to his/her values and cultaratiest, as well as in relation to
his/her goals, expectations and conceffi$’Material well-being (income, level of housing,
availability of services, environment), close relationsh{gocial relationships, social well-being,
support, societal involvement), health (physical healthed$gn ability to move, symptoms of
illness, ability to work), emotional well-being (emotions|f sesteem, spirituality, cognitive

functions) and productivity (satisfaction with ability tookk, competence, autonomy,

meaningful roles) have been viewed as essential dinrenefcQoL

QoL is used to imply an individual’'s experience of hisier health status and health-related
well-being. QoL is usually examined in terms of impactslioéss on an individual - as negative
deviations from health. However, the concept of QoL Isesaden and attached to social norms
defined by healthy individuals, according to whom Qollvgags weakened when a person is
sick. QoL measurements are usually used to examindfédutiveness of treatments. QoL is
thought to be an equivalent to a meme, which is "an idgegvour or style that spreads from
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person to person within a culturd*A meme acts as a unit for carrying cultural ideas, sysnbo
or practices, which can be transmitted from one minch&dheer through writing, speech,
gestures, rituals or other imitable phenomena. Suppatténe concept regard memes as
cultural analogues to genes in that they self-replicate, manateespond to selective pressures.

This idea of a meme was coined by DawKis.

QoL tools have been developed to document experidriteess and healthcare and to
measure what effects of treatment are deemed to @reafest importance to patients. They can
also act as a proxy for measuring health needs witsessment. In health economics, QoL
tools are used to develop QALYs (quality-adjusted life y&aruse in cost—utility analyses.
QALYs are overall measures of health outcome that welghlife expectancy of a patient with
an estimate of their QoL scof®.QALYs are widely recognised as a useful approach for

measuring and comparing the efficiency of different haatérventions.

QoL is particularly important in long term conditions (sashCAD) where prevention,
rehabilitation and other disease management strategiesdsaNed in an increase in the
number of people living and growing older with these conaitiolt is also important for
treatments such as PCI which are intended to improve symptther than increase life
expectancy. Studies have shown that CAD imposes a stibblanden on Qof** ?*though
this can be improved significantly by interventighs 2*°Consequently there has been a
significant growth in the measurement of QoL as a primieatolr of health outcome and

therapeutic benefit in patients with CAD.

QoL instruments should be “comprehensive, reliable and,vedigly to score and interpret, and
minimise respondent burden in order to quantify the ohpad burden of diseas&” The real
value of QoL instruments in research and in clinical pragsi¢e show that changes are not just
statistically significant but are also clinically meaningful. Thesparticularly important for
assessing the impact of an intervention such as revasatitan, which is primarily undertaken

to relieve symptoms of CAD.

The instruments selected should measure the health dimemslevant to that particular patient

cohort. For instance, an instrument intended for use pat@nt with CAD should take into

account the individual's responses to living with the diseaseterms of recreational,
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occupational, social, personal, emotional and sexual sspex well as the acute and chronic

physical consequences of the disease.

There are two types of QoL instruments: ‘generic’ add€ase-specific’. Generic tools are
designed to address multiple aspects of QoL acrossige raf different patients or disease
group$™® and include the Short-Form 36-item (SF-36, SF-12, §Fk2alth surved}® and the
EuroQoL (EQ-5D%°. They assess multiple aspects of patients’ experiencewtitbcusing on

specific features of a particular disease.

The EQ-5D is a widely used simple and validated genesttuiment to measure QoL in a
standard way. It has been used to assess QoL in arande of conditions, treatments and
intervention$?* In addition, it is used extensively in health economicdédve a quality
adjusted life year (QALY). The EQ-5D was originally dged to complement other
instruments, although, is increasingly used as a “sdéomk” measure. While it has a condensed
format and assigning values to health states is straighaifdr a limiting factor is its restricted
ability to discriminate small to moderate differences in hesattes. In addition, evidence
suggests that there is a ceiling effect i.e. patients stdnd with a higher quality of life than the
average patient do not have much room for improvemEmis could compromise accurate

conclusions in relation to a treatment's effectivenessckrttereof 222

The SF-36 was designed as a generic indicator of h&taltins for use in population surveys and
evaluation of the impact of health politd.However, it has also been used in a wide range of
clinical research areas - on its own, and in conjunction,vdibease specific measures. It
measures both physical and mental health componentgimglbehavioural functioning and
role limitations, such as questions on work, self-carel, mobility. Evidence from studies
suggests that the SF-36 has been found to be moré¢iaetsichange than the EQ-5D and has
less of a ceiling effeé®*However, it is much longer for participantscmmplete and creating a

utility score for assessing QALY is much more complex.

Disease specific instruments measure the multiple aspe@slofelevant to a specific disease
group and, for patients with CAD, include the Seattle Angheestionnaire (SAG} and the
MacNew questionnairé® Disease-specific instruments are generally considerece tondre

clinically sensitive and potentially more responsive in deteatirenge’®’ though each type has
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its own particular strengths and weaknesses and th&stéblished merit in using botf*’ For
example, a generic instrument might ask if someone feddeons walking about (such as in the
EQ-5D), while a disease specific questionnaire would agkp#rson’s disease has limited their
walking (such as in the MacNew).

The SAQ is a disease-specific instrument designed tosatbeefunctional status of patients with
angina. It comprises 19 questions that quantify five clinicgallgvant domains: physical
limitation, anginal stability, anginal frequency, treatmemis&zction and disease
perception/quality of life. It is often used as a QoLmmstent because 7 of its 19 items relate to
emotional health (psychological/emotional health being impoftairoL in patients with a
chronic disease such as C&P) and because it has been shown to be demonstrdtaly va
reproducible, and sensitive to clinical chaitfén addition, SAQ score has been found to be
strong predictor of 1-year mortality and hospitalizationZ&S 23 It is used extensively in
research trials to quantify the symptoms, functional limitatiand, QoL of patients with stable
heart disease in the previous 4 weeks. Use of the @aQelp healthcare providers identify
patients at high risk for morbidity and mortality and camwo &kslp identify those patients who
may require more aggressive medical therapy or relaaszation. However, it is specific to

angina symptoms, making comparisons with other headitons difficult.

The MacNew Heart Disease Health-Related QoL Questianais designed to evaluate the
effect of heart treatments on daily activities and physerabtional, and social functioning. This
self-administered questionnaire generates an overall Boone27 questions that cover physical
limitations, emotional and social function, and angina symgtexperienced in the previous 2
weeks. It has been used in multiple clinical studies in misti@ith different types of heart
disease (rather than being specific to CAD). It has alen bkown to be valid, reproducible, and
sensitive to clinical change and performs well in comparts the SAG* In addition, the
reading level required to understand the MacNew Questitnwas found to be on average to
be 1 year lower than the SA& Also, the MacNew questionnaire is the only disease-specific

instrument that contains a question regarding sexual amieg.
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1.4.1. Measurement of quality of life in older people

Despite increasing interest, the concept of QoL in oldeplpas still inadequately defined and
the measures exploring it have been studied insufficientyng this group. With the existing
QoL measurements, the meaningful aspects of QoL for pktgsle may not be measured
comprehensivel{®* For example, effects of environment on older peoplek-being and
functional status, meanings of social contacts, and adaptatedranging situations, are of
particular importance and may not be covered by sometQu&. Research undertaken in
lonely older people’s group rehabilitation indicated thatehssues are significant for an

individual’s health, well-being and progno$ts.

In measuring the QoL of older people, the strengtldsvaeaknesses of the measurement tools
should be recognized. QoL measurements tend to involydew, if any, positive aspects of
well-being (e.g. satisfaction with life) where elderly maytxtter than younger respondents.
In addition, groups with special requirements, such asdtd persons or frail older people
living in institutions, need their own measurements sinlsergieople cannot “objectively”

define their QoL on the basis of their own values.

WHOQOL-BREF was developed, using international collabons, by the WHO to be a
universal toof® It is thought to be one of the most comprehensive mmeasent tools and
comprises 26 items, which measure the following broadadgios: physical health, psychological
health, social relationships, and environment. It definds §oan individual’s understanding of
his/her life situation with respect to his/her values and cultanatiegt, as well as in relation to
his/her goals, expectations and concerns. In additionemdbr of coverage, it has been showed
to be sensitive to change with respect to rehabilitation iméores designed to improve QoL in
elderly people. However, it has been criticised for itjective approach and that few items
directly assess functional limitations or disability: suggestingnay not be universally
applicable. In addition, there is limited evidence for its insassessing improvements in QoL
following interventions such as PCI. Recently, the WHOQQID add-on module for the
WHOQOL-BREF has been developed which has been desfgneise in older adulfs’ While

it appears to perform well against other QoL tools saglhe SF-36 with less ceiling effect
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completion rates have been an issue and using the masl@e‘ssand alone’ has still to be

assessed fully.

The 15D measurement tool discriminates very well betwddar geople receiving various

levels of health and social care and with different functisteus or need of help (for example,
community-dwelling, hospital and nursing home patients).ftpradict mortality and utilisation

of hospital care to a moderate extent. A great beneti mbility to show change as a result of
an intervention. In addition, its ability to quantify QoL time form of a single number is an
advantage compared to several other QoL measurenawgver, its limitations — such as the
absence of certain aspects of QoL important for oléeple (for example, sensory abilities,

autonomy, attitudes to death and dying) — should be ceresldvhen interpreting the results.

The SF-36 and 15D QoL measurement tools appear to expieiQoL and well-being of lonely
older people from different perspectives. SF-36 takesrtattmunt of an individual’s subjective
opinion of his or her health status. It is also better at ungmspsychological and social well-
being. The disadvantage of SF-36 is that older peoplehlave difficulties in understanding the
measurement items and it takes longer to complete than tHeDE@ several international
studies, completion of SF-36 was found to be 16**°The advantage of using generic tools,
like these, is that they allow comparisons to be matiedas groups, such as comparing elderly
and younger patients having PCI. They also allow compaiaath normative data and are used

to generate QALYSs.

A number of QoL measurement tools have been develapedé in older people=or example,
the Older People’s Quality of life (OPQOL) was developedanfiay person views (using a
constructivist approach), while the WHOQOL-OLD is largekpert led*' These are increasing

being used in older populations; however, their use indghtegt of CAD is limited.

P 141 In addition further explanation has been givethi®ichoice of QoL instrument:

EQ-5D: This is a widely used simple and validated general ingntito measure QoL in a

standard way. This instrument is used in a wide rangecaofditions, treatments and
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interventions. It is also used extensively in health ecoc®ioi derive a quality adjusted life year
(QALY). The EQ-5D descriptive system consists of five digiens (mobility, self-care, usual
activities, pain/discomfort, anxiety/depression) with threeelle each (no problem, some
problems, extreme problems), thus defining 243 distindtthetates. Low scores on the 5 items
of EQ-5D reflect a favourable assessment of each coempboResponses were used to derive the
single index value based on the algorithm provided by@®aL. This single index represents
the overall health status by applying preference weightgatticipant responses. The index-
based score is typically interpreted along a scale evhaepresents best possible health and 0
represents dead, with some health states being valuedrss than dead (<0). In addition, EQ-
5D contains a visual analogue scale (VAS). The endpoihttheo VAS are labelled ‘best
imaginable health state’ and ‘worst imaginable health state’100 and 0O, respectively.
Respondents were asked to indicate how they rated tradih oy drawing a line from an anchor
box to the point on the VAS which best represented tiveir health that day. Permission to use
the EQ-5D was obtained from EuroQol(www.euroqol.orghisTwidely used QoL tool was
chosen because it is simple for researchers to adminsstare and interpret. It also imposes
minimal burden on participants, as it is a brief, simple nreasuunderstand and to complete
(with resultant high completion rates. In addition, theegation of the utility index based health

status are useful for both clinical outcomes and economiuaagian.

SF-12:This is a commonly used health status questionnaire anshisrtened version of the SF-
36. It appears to be more sensitive to differences inthstdtus for people with less morbidity.
Like the SF-36, summary scores for physical and mémalth status can be derived from the
SF-12, referred to as the Physical Component SumnP$(12) and the Mental Component
Summary (MCS-12), respectively. The summary scoreb@iSF-12 have also been shown to
closely represent the summary scores of the SF2BBe PCS-12 and MCS-12 scores have also
been found to be virtually identical to the equivalent SF-3@nsary scores in indicating the
level of health and are equally sensitive to changes ilthhgatus among patients with various
conditions. Permission to use the .B%, was obtained from QualityMetric Incorporated

(www.qualitymetric.comr  This is the most commonly used generic QoL toobk&®sessing QoL

following PCI in both young and elderly patients (see @rap.3). This was chosen, rather than

other instruments that are thought to be more appropriateedn older people, because the
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guestionnaire will be used for both elderly and yourggients. In addition, it allows multiple

comparisons to be made with existing literature on QoL owtsdfollowing PCI.

MacNew: Disease specific QoL was assessed using the MacNewh-helated QoL
guestionnaire. It was designed to assess how headsdisaffects daily physical activities and
emotional and social functioning. It has been widely umed validated in cardiology patients
with AMI, angina and heart failure at the time of designing ReQoL study. It was chosen
because it had not been utilised for assessing QoL fiolgpRCI in the UK; therefore, providing
an opportunity to address a gap in the literature. Italews validation of the questionnaire, by
comparing it to both the EQ-5D and SF-12, in this populgsee Chapter 4.3). In addition, the
MacNew questionnaire has been used to assess QoL foll®@hgutwith the UK e.g. SipOtz

et al.>’?

providing evidence for its use in this context. It conta2sitems (questions), the
responses to which, map to 3 domains: physical limitatiomgtienal function, and social
functioning. Global QoL score and individual domain sabsscores can be calculated. Scores
are from 1 (low QoL) to 7 (high QoL). In addition, Mé&w has an established the minimal
important difference (MID) 0£0.5. Permission to use the MacNew questionnaire was olitaine

from MacNew (www.macnew.ojg
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2. LITERATURE REVIEW

2.1. Management of coronary artery disease in elderly

patients

As discussed in Chapter 1.2.5 CAD may be managedgusiedical therapy or with
revascularization techniques such as PCl or CABG. Meétherapy remains the cornerstone of
the management of chronic stable angina, but randontiz&ld have demonstrated greater
symptomatic relief from coronary revascularization coragarith medical therapy aloR&-%*
However, PCI treatment for stable CAD has shown rideexe of an effect on death or AMI
when compared with medical therab¥/* As described in Chapter 1.2.2, CAD incidence and
mortality are strongly associated with chronological agel, due to the ageing population, the
elderly account for an increasing proportion of thoseliregy investigation and management of
CAD. In spite of this, the trials have tended to excludenuier-represent elderly patieAt5.

One important study specifically undertaken in eldedtignts was the Trial of Invasive versus
Medical therapy in Elderly patients (TIME) study in whictb3tatients aged over 75 years with
stable angina were randomized to either an invasive gyréte153) or optimal medical therapy
(OMT) (n=148)** The patients all had angina, resulting in at least mild limitadiotheir usual
ordinary activity (scoring CCS Class Il or worse) thaswefractory to two or more types of
medication. At baseline, patients had a mean age of&@8.yla the interventional group (CABG
or PCI), all patients underwent coronary angiographye (ohyected into the heart to assess
degree of stenosis), with the clinician then deciding whetbernot to proceed to
revascularization and which approach to use. At 6 mofatew-up, both groups reported
improvements in both angina severity and G&1The improvement was significantly greater in

the revascularization group compared with OMT alone. OME associated with an increased
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risk of major adverse cardiac events (49% vs 19%;0841) and, in particular, with subsequent
hospital admission for ACS with or without the need fmeegency PCI. At 1 year follow-ui3?
using intention-to-treat analysis, improvements in angina aold Were maintained in both
groups but the differences between them were attenaatedo longer statistically significant.
However, major adverse cardiac events continued tanbee common in the OMT group
(64.2% vs 25.5%, p<0.001) and importantly 46% of tlyoup ultimately required
revascularisation (most commonly by PCI) due to réfrgecsymptoms** When re-analysed on
the basis of actual treatment received, the differemcaagina symptoms and QoL between the
groups were significant at one year follow-up. This st that the negative results using
intention to treat reflected the high cross-over from wediherapy to revascularizati6fr.
Subsequent follow-up over a median of 3.1 years, deimaded that long-term survival was
similar for both groups. Irrespective of which treatmem @atients were assigned to initially,

revascularization within the first year was associated better survivaf*®

A pre-specified sub-group analysis of the COURAGE (€4h Outcomes Utilizing an
Aggressive druG Evaluation) study assessed the gropasf elderly patients (defined in this
study as aged 65 and over) who were angina free aidsfths following PCI in combination
with OMT group verses OMT alone. This study recruitely @4% of the screened population;
there was low representation of women (15%) and diugjrey stents were used in only 2.7%
of PCls. Nevertheless, the proportion of elderly patietits were angina free at 60 months was
found to be higher following the addition of PCl to OMT (8@%73%, p=0.01). Despite this,
the authors suggest that PCI in addition to OMT “does rohiae clinical events or improve

angina relief during long-term follow up” of elderly patigfi*’

2.2. Coronary revascularization in the elderly

A large number of randomized trials have demonstratetparable survival rates following PCI
and CABG for most patient populatioh§®?***°Again, elderly patients have tended to be
excluded from these trials. As yet, no randomizedrotiad trials comparing PCl and CABG

have been undertaken in elderly patients. Therefore hibieecof type of revascularisation in the
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elderly has to be based on evidence from observatitmdies and a limited number of non-
randomised studies. Whilst observational studies are hketg to include elderly patients than
clinical trials, they still suffer from age-dependent biaselkerly patients are less likely to
receive evidence-based and guideline—-recommendednwdneing coronary angiography and
PC|. 1:252.255.26.25\ meta-analysis of these observational studies reportégéhiaprocedural
and long-term outcomes in elderly patients were equiva®nP€| and CABG>® Thirty day
case fatality was 7.3% (95% CI 6.3% - 8.2%) followidG!, compared with 5.4% (95% CI
4.4% - 6.4%) following CABG. One year survival was 8§96% CI 83% - 88%) and 87%
(95% CIl 84% -91%) respectively, suggesting that congbarsurvival seen across younger age-
groups extends to the elderly. However, the authoknowledge that differences in survival
between PCI and CABG in the elderly could still exist iemvof the low level of the evidence
available, use of group-level data (rather than meteessgpn), and because of differences in

baseline case-mix found in the studies.

Over the past decade there has been a major shiéatment patterns, whereby the number of
CABG operations performed each year has decreasestdll procedures have increased in
number and now account for an increasing proportiamwdscularization procedur&8.PCl is
now the most common form of revascularization in botimgpand elderly patients in both acute
and elective settingS®?*® Elderly patients tend to present greater technicallestges in
relation to PCI due to heavier coronary calcificationfulmus anatomy in both coronary and
peripheral arteries and reduced tolerance to bleeding prsbié They also tend to have a

greater risk profile due to more severe coronary disaad multiple co-morbidities.
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2.2.1. Outcomes of percutaneous coronary interventioherelderly

Previous studies have shown that elderly patients hawehig-hospital (death, MI, bleeding)
and long term complication rates (mortality and MACCHnajor cardiac and cardiovascular
complications (or MACE — major cardiac events which edetunon-cardiac cardiovascular

events, such as strokes) than younger patients followivgscalarisation procedures.
5,32,253,254,255

As discussed, clinical trials tend to exclude elderly patietiowever, there are a number of
retrospective cohort studies which have examined outsomeelderly patients undergoing
PC| >234:298,259,260,261,262,263 264 e of the largest of these studies examined outcon®5i40
consecutive PCI cases undertaken in New York Sta2600 and 2001 .This multicentre study
reported in-hospital mortality and major adverse cardigents following elective and
emergency procedures in three age-groups: <60, 608680 years. In-hospital mortality was
1%, 4.1% and 11.5% respectively (p<0.05) and in-hospitgbr adverse cardiac events were
1.6%, 5.2% and 13.1% respectively (p<0.05). Thisysfodnd that, after adjusting for patient
co-morbidities and severity of coronary disease, ageairead the strongest predictor of in-

hospital complications in elective procedures and therskstrongest in emergency procedures.

As previously discussed, thirty day and long-termvisat rates in elderly patients were
examined in a 2003 systematic review, which included d@hfse studies that separately
reported baseline characteristics and outcomes for patigats>80 years and included elective
and emergency procedures collectively in the pooledysis>* The pooled estimate suggests
that octogenarians were found to have acceptable shibfbag term outcomes following PCI.
A number of the studies included in the review reportedospital rather than 30-day outcomes

following PCI, possibly resulting in an under-estimate of thelgd risk of adverse events.

A study comparing the safety and efficacy of seconteg@ion coronary stents utilized pooled
data from six major clinical triaf®’ This found, that despite more complex coronary lesions,
stenting could be performed safely in patients aged 8&eyears; with low rates of early and

late restenosis. After one year, the incidence of clinicailyemt restenosis was similar to that in
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patients aged under 80 years (11.2 vs 11.9%, p=0H8yever, it was observed that elderly
patients had higher rates of major bleeding complicatibris\(s 1.0%; p < 0.001), in-hospital
mortality (1.3 vs 0.1%; p = 0.001) and 1-year mortalbty (vs 1.4%; p < 0.001). Their increased
risk of mortality remained statistically significant after uslment for higher baseline risks
(more complex lesions, comorbid conditions and highewgbeace of multi-vessel disease

(MVD) — defined in their study as involvement of 3 vess®l more).

Elderly patients do have an increased risk of procerkladed complications that are associated
with increased early mortality. Almost all of the studmes/e demonstrated increased risk for
vascular access complications and associated major kbjeedents in elderly patients, with
chronological age being the strongest predictor of vasadanplications°®:209.270.271.272.273
Bleeding events and transfusion requirement after PCl baea associated with increased
mortality during follow-up?®® Several studies have also shown increased risk fopspital
stroke in elderly patienfS”?*° This excess risk of vascular and bleeding complicatiortee
elderly is probably due to a higher prevalence of remeiac vascular disease and a greater
susceptibility to the risk associated with adjuvant medicalafhef®?® In addition, elderly
patients have an increased risk of contrast-induced roegthny following PCI. This is
particularly important as elderly patients are more likelyhtwve the complex lesions and
tortuous vasculature which require greater amount®mtrast utilization during the procedure.
Age related changes in renal function, particularly glartar filtration rate and tubular function,
are also importarft’ Contrast nephropathy has been associated with both eadylate

mortality2"*

A multi-centre European registry of 47,407 consecugigéents from 2005 to 2008 included
over 8,000 patients aged 75 years and didé?Cls undertaken for ACS and stable angina were
examined separately. Patients aged 75 years andwéderat significantly greater risk of in-
hospital death, especially those presenting with ACS, giedramained an independent risk
factor following statistical adjustment for baseline charadtesisincluding co-morbidities and
severity of CAD. This study has the lowest ever reggbin-hospital mortality rates (ACS/5
years 5.2% and <75 years 1.7%; unstable angitayears 0.5% and <75 years 0.2%). The
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authors suggest that this low rate is related to advamcé*Ci, such as adjuvant medical
therapies, drug eluting stents and operator experiencgeWw, in a retrospective analysis of

observational data it is impossible to rule out residual bias.

2.2.2. Reducing the risk of percutaneous coronary revaseation in
the elderly

In the last decade, a series of technological and therepgevelopments have reduced in-
hospital complications following PCI including adjuvant drugrétpies, drug eluting stents and
trans-radial acce$§?2°02732" 2 Hjstorically, PCI has been carried out via the femortrar
Over the last decade, radial access for PCI has becammeasingly popular in many countries,
with 42.8% of all PCI procedures in the UK now undertaksing this approacH® This route is
still uncommon in some countries, such as the United Stht&merica, where less than 2% of
PCI procedures are undertaken via radial artery aétekshas been suggested that the slow
adoption of the trans-radial approach in USA may be dwelé&zk of operator familiarity and

limited availability of training®”®

The major advantages of using a radial, rather than aré&napproach are reduced access site
complications’*® earlier ambulation of patient3. increased patient satisfactf8hand reduced
costs?’®?"*The benefits of early ambulation are particularly impurfar elderly patients who
have a higher baseline risk of venous thromboembollsgalthcare acquired infection and
oesteoarthritic problems. The risk of access site commitatis reduced using transradial
access because the hand has a dual blood supply vimé#neartery, the radial artery is accessed
distal to major nerves and veins and the superficial locafitime radial artery makes it easier to
achieve hemostasis using local compression. Again, terssfits are particularly important for
elderly patients who have a significantly higher basdiisie of artery access complicatioffs.
Elderly patients are more likely to have heavily caldif@ronary lesiorfs’ and therefore are

more likely to require complex PCI strategies such mh-bBpeed rotational atherectomy
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(HSRA). The transradial approach for HSRA in has Istmwn to be feasible, safe and effective

2812820 a number of small studies which included younger aner gedtients.

In a meta-analysf&’ of studies comparing radial and femoral routes oesgcthe former was
associated with a 73% reduced risk of major bleedoligpwWing elective or emergency PCI
(0.05% vs 2.3%, OR 0.27, 95% CI 0.16, 0.45, p<0.00Sing radial access, the length of stay
in hospital was shorter, with a weighted mean differencedaf days (95% CI -0.2 to -0.5,
p<0.001). However, only two of the randomised contrdlieads in the meta-analysis focused on
elderly patient$’>?®*In a study by Achenbacét al,?”® 307 patients over the age of 75 years
presenting with suspected CAD, or worsening of existiddpCwere randomized to either the
transfemoral or transradial approach. Sixty three patieli8) were excluded because of
clinical contraindications to using a transradial approach; inoud7 patients who were
excluded because of a positive Allen’s test using pulse @irymAllen’s test is used to assess
the collateral circulation in the hand, but there is a lackvidence that it can predict hand
ischemia after radial artery occlusion (a possible vascaolapkcation of PCI) and therefore its

1273 trial, the data were

use may have excluded patients unneces<&filn. the Achenbaclet a
analysed according to intention-to-treat principles. Aghdhe 152 patients randomized to
transradial access, this approach was successful in @iito,the remaining 9% having to
undergo transfemoral access. None of the patients \aitisrixdial access suffered major adverse
events (defined as death, periprocedural infarctionkestreascular access complications that
required surgical intervention, blood transfusion or a fathdemoglobulin of more than 3g/dl)
compared with five (3.2%) patients with transfemoraleasc Only two (1.3%) transradial
patients suffered minor bleeding complications, compared {fh8%) transfemoral patients.
A similar sized, but multi-centre, study of octogenariag@orted comparable cross-over rates
from radial to femoral access (8.9%) as from femorahtihal access (8.1%). Analysis according
to intention to treat, again demonstrated a significantly lomgd of vascular complications

following radial (1.6%) compared with femoral (6.5%) ascgs=0.03)%

Jaffeet al?®*® assessed the safety and efficacy of the approach @bservational study of 228

consecutive, octogenarian patients undergoing PCI foeretttironic stable CAD or ACS. The
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initial choice of approach was at the operator’s discretiah the transradial approach was
chosen in 97 (42.5%) patients. There was a cross+aterof 11% in the transradial group
compared with only 4% in the transfemoral group (p3p.0Procedural success rates were
comparable. However, the transradial approach was iagstownith shorter cannulation and
procedure time, reduced use of contrast media, feaseular complications (5% versus 20%,
p<0.001) and shorter time to ambulation (5.2 £3.1 vetdu6+6.3 hours, p<0.001). The mean
lengths of stay were 1.7 days for transradial aceesks3.1 days for transfemoral access. A
single—centre, observational study conducted in Chinauitedr 2,058 consecutive patients
undergoing PCI with transradial accé¥s0f these, 719 (35%) were aged 65 years and over.
Procedural success rates were high (94.7%). Vasadamlications occurred in 4.9% of

patients with no statistically significantly difference betwegterly and younger patients.

2.2.3. Antithrombotic therapy in elderly patients undergpielective

percutaneous coronary intervention

The development of newer antithrombotic strategies hakealy reduced cardiovascular
mortality and ischemic complications in patients undergoergyianeous coronary intervention.
However elderly patients have age-related changes imdsasis and drug metabolism,
distribution and clearance as well as non-cardiac combtdsicand resultant polypharmacy, all

of which are associated with an increased risk of blgedith antithrombotic therapié&’

Current guidelines recommend that dual antiplatelet therdpyPT) with aspirin and

clopidogrel be used prior to and after percutaneousnemy intervention in all patients,
irrespective of agé®’ The duration of DAPT is dependent on the type of stemloyed.

Following bare metal stent (BMS) deployment the recommeddeation of DAPT is 1 month
compared with 6-12 months for drug eluting stents. The dgtéperiod of DAPT is necessary
because drug eluting stents are associated with delayétcamplete re-endothelialization
which can result in an increased risk of late stent thremb®&rolonged DAPT is a concern in
elderly patients who, as discussed above, have an secteask of bleeding. Concurrent
warfarin therapy for atrial fibrillation (which is more cormam with age) is an additional

problem?®® The elderly also have a higher risk of requiring nardiac surgery and an increased
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risk of falls. All of these factors need to be consideréerwdeciding on the choice of stent

during PCI for elderly patients.

Heparin is currently the standard peri-procedural aofifnotic therapy to provide
anticoagulation during elective PCI, with GPIIb/llla inhibitdysing used only for high risk
lesions or “bail out” situations (thrombus, slow flow, acutelesion)?®® GPIIb/llla inhibitor
use during PCI generally precludes same day dischddgect thrombin inhibitors (e.g
Bivalirudin) have been used as an alternative to Heparindd®aised controlled trials (RCTS)
comparing Heparin and Bivalirudin have tended to inclm@ly younger patients or to recruit
patients with ACS2%?°° Meta-analysis shows that Bivalirudin is associated withgaificant
reduction in major bleeding complications (1.7% vs 3.4%0).@001), but no difference in
mortality (1.73% vs 1.67%, p=0.15F The largest individual study is the ACUITY (Acute
Catheterization and Urgent Intervention Triage Straf@fgjal which demonstrated an absolute
reduction in bleeding events with the use of Bivalirudin edtef Heparin. This was most
pronounced in patients aged5 years, with no significant differences in effica@tvieen the
groups. A large observational study of elective PQ2,i#66 octogenarians found that the use of
Bivalirudin was associated with a decreased risk of initaisbleeding (HR 0.41, 95% CI 0.23
—0.73, p=0.003) and 6 months MACE (adjusted HR@S% Cl 0.4 — 0.7, p=0.001). Whilst this
provides supportive evidence for the use of Bivalirudirthier studies are required to clarify its
use in elderly patients in the elective setting — particularlyjght of the increased use of the

radial approach with its reduced risk of bleediffg.

2.2.4. Outpatient percutaneous coronary intervention engtiderly

Increased use of transradial access, with its redunédlation time and vascular complications,
has facilitated the introduction and expansion of outpatient ®@patient PCI is an attractive
option as it reduces procedural cost, decreases bé&thtidih, and addresses the demand for
increasing numbers of PCI procedures. It has been showmumerous randomized and

observational studies to be both s&fe?3*29%:296:297.298,299,300.301,302.303 3040y preferred by the
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majority of patient§’® In some centres, outpatient PCI has become the prfarethod for
managing patients with chronic stable angina who havemedical contraindications (such as
comorbid conditions), good angiographic results and anmplkoated immediate observation
period. The Criteria for Overnight Hospital Stay developgd®lagboomet al. has been widely
used (and modified) to inform decision makiig However, some operators remain concerned
about the safety of outpatient PCI, in light of possd®#tayed bleeding complications and acute
coronary occlusion following discharge. In the UK onlyP% of all (elective and emergency)
PCls are undertaken on an outpatient basis, but thgesgnom 0% to 85% across sités.

Only two studies have compared the outcomes of outpaB€hi in elderly and younger

patients’®*®The first involved only 117 patients aged 75 or over, ndlitey for transradial PCI

between 1998 and 2001. Thirty six (31%) patients repoxded or more access site
complications during the first 24 hours, including pairdeeding, numbness, bruising,
haematoma, swelling and infection. However, only 3 o$¢h&6 patients consulted their doctor
and none had to attend hospital. There were no majossaste complications reported in this
group. One patient reported chest pain within 24 houtsdltli not require investigation or

intervention, and one further patient had stent thrombasisoBirs after the procedure. Whilst
this retrospective, observational study may suffer fromctele bias and minor complications
may be subject to reporting bias, secondary data analysiged that major complications were
identified even in patients who did not respond to thetgpregire. No difference in rates of

entry site complications were found between younger andelusgients in this study.

A more recent study which included 212 patients aged @&bsyand older in New Zealand
demonstrated that same-day discharge following a 6 blosgrvation period is possible in the
majority of elderly patients (84%° This study did, however, show that elderly patients were
more likely to be excluded from consideration for outpatie@ compared with younger
patients (4.5% vs 1.2%, p=0.02). Patients were excluded fnumber of reasons including
inadequate social circumstances, further intervention stintge planned the next day and
previous contrast reaction. In those who were putdoavor outpatient PCI, it was successfully
achieved as often as in younger patients. Suboptimal aagiog results, evidence of
periprocedural myocardial ischaemia or infarction, aceg#exomplications, late sheath removal

and glycoprotein 11b/11a inhibitor infusion were cited aspifi@ary reasons for the failure of
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same-day discharge. In this study, only 19 (9%) preesd were undertaken using the
transradial approach. All of the elderly patients who leadransradial approach were
successfully discharged on the same-day. Despite thatibration of transradial access, there
were no deaths in the 24 hours following discharge dnlao2r readmission rates were very low
(0.5%). Since only hospital data were used in thisystie® investigators did not have access to
information on minor complications in the elderly that were ag®sa without recourse to
hospital. Whilst there is a general dearth of literature, ieappthat outpatient PCI is feasible
and safe in elderly patients who are at low risk of cormpbas and following an uneventful

period of post-procedural observation.

In conclusion, the elderly account for an increasingopriion of the population in many
countries and the prevalence of CAD is known to incredtie age. Therefore elderly patients
account for an increasing number and proportion of pigtiattending for PCI. This trend is
likely to continue and should be reflected in the recruitroémore elderly patients into clinical

trials to allow for improved evidence-based decisioningk

The transradial approach for PCI is associated with fexscular complications, reduced bed
utilization and reduced time to ambulation. Even in eldealyepts, in whom the baseline risk of
vascular complications is higher, the transradial appreashfe, effective and associated with
less bleeding from the access site. The transradiabag@pras facilitated the introduction and
expansion of outpatient PCI which has been shown in twallsstudies to be as safe and
effective in elderly patients as it is in younger patient$il$¥ this area would benefit from

further research, outpatient PCI appears to be a realgimnofor many elderly patients. Over
the next decade the proportion of PCI undertaken avugratient basis is likely to increase for
both younger and elderly patients, becoming the routineiceh for patients without

contraindications.

PCl is now a routine treatment for both acute and chronib @Aboth elderly and younger
patients. In the elderly, it has been associated witleater risk of in-hospital, 30-day and long
term complications. However the improvements in QoL dréeast as significant as those
observed in younger patients. Potential improvements in @bbwing PCIl are likely to

become increasingly important in decision making, rathar thronological age per se.
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2.3. Systematic review of quality of life in elderly
patients following percutaneous coronary

intervention

Although in-hospital and late mortality following PCI are impot, the effect on symptom
relief and QoL are critical considerations and inform patidecision-making. This is
particularly pertinent in the elderly population as “the kwity benefits are frequently limited
by multiple competing risks and the goals of therapyaddien to maintain independent living
with reasonable comfort?®. There has been a previous systematic review whichsses
clinical outcomes following PCI in octogenarians (e.g. deatma&or adverse cardiac events).
This did not assess any impact on @dlhowever, it demonstrated that PCI in octogenarians
was well tolerated and associated with acceptable shortatedniong-term outcomes. However,
the authors described the evidence as of ‘low qualigtabbse of small study sizes or

observational nature—despite containing some large well ctedlobservational studies.

As previously discussed, the TIME study demonstratedngrovement in QoL following
revascularization in elderly patients which appeared tmaiatained long-terf* and initially
superior to that achieved by OMT alone. There aremaben of studies which have shown that
PCI produces improvements in QoL measures in the elttetyare equivalent to, or even better
than, those observed in younger patients. Spertus anag@od&®’ concluded that age was an
independent predictor of QoL benefit while Setoal*® concluded that QoL improvements
after PCI were not age-dependant. However, no systemetiew of the evidence on QoL

outcomes in elderly patients undergoing PCI has beeertaken.

A systematic review of the literature was undertaken inrdece with the Preferred Reporting
Iltems for Systematic Reviews and Meta-analysis (PRISM#éipelines (http://www.prisma-
statement.org/). Systematic reviews are used due toahsity of synthesizing, selecting and
appraising all high quality evidence from relevant studiemswer the research question, and to
extract the required data for a meta-analysis. Furthesnsgstematic reviews are considered to

be updatable, accountable and replicable pieces of whith follow distinctive step&? The
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PRISMA (Preferred Reporting Items for Systematic reviewsd aMeta-analysis
http://lwww.prisma-statement.org/) checklist was created as ratrument for ensuring

transparent and comprehensive reporting of systemateangyv

The aim of the search was to identify articles reporting Qaicomes in older patients aged 80
years or older who underwent PCI and, where possiblapare results with younger patients.
Eighty years and older was chosen to reflect therfgedof the systematic review of clinical

outcomes and to allow for easier identification of studieslderly patients?

2.3.1. Search Strategy and selection criteria

Four journal databases were used:

* Ovid Medline 1948 to September week 1 2011,
* Ovid Embase 1996 to 2011 week 36,
* Science Direct, and

* Cochrane Library of Systematic Reviews from 1995 to 20&kusive
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The following search terms and Boolean connectors agpéed.

1 “coronary” OR “heart” OR “cardi*” OR “myocardi*”

2 “stent” OR “PCI” OR “revascularisation” OR “percutaneous coronary” OR “percutaneous

intervention” OR “angio*” OR “percutaneous transluminal”

3 “quality of life” OR “psychological adaptation” OR “attitude to health” OR “health status”
OR “life change events” OR “EQ-5D” OR “ED5D” OR “SF*36 OR “SF*12” OR “SF*24” OR
“DASI” OR “HRQOL” OR “Seattle Angina Questionnaire” OR “RAND 36” OR “DASI”

4 “octogen*” OR “*80 year*”

5 1 AND 2 AND 3 AND 4

The search was limited to studies conducted on humandhasd which were available in
English and was last run on 15.09.2011. In cases wgtedées had duplicate publications, the
most recent publication was used.

Inclusion criteria:
Only studies which reported QoL and outcomes in colwbdisr than 79 years were included.
Exclusion criteria:

* Reviews, editorials, studies of procedures other theraR€those which reported

clinical outcomes only (e.g. death or major adverse aamlents)

* Non-English language papers

» Papers with non-human subjects
The reference lists of relevant articles (including regieand editorials) were reviewed to
identify additional articles that were potentially relevant. eBitland then abstracts were

reviewed to exclude articles that did not satisfy the inclusiberia.
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The full texts of the remaining articles were obtained angwad by two people independently
(PhD student and supervisor) in detail to determine their gligifor inclusion. Methodological

quality scores were independently assigned and cochp@rering the review process, all
included studies were appraised against a list of specifteria as suggested by CASP

guidelines (http://www.casp-uk.ngt/The criteria for critical appraisal included these mmai

points;

* The presence of clear study questions, which focasdte relationship between PCI
and QoL outcomes in elderly patients.

* The usage of valid epidemiological methods in conductingttiay.

* The presence of any kind of bias either in the methodgdagyof study or in the results
section.

* The presence of clear description of the sampling methdavaether the sample was
truly representative of the population from which it waswra

* The presence of proper definition of the outcome, siscQolL

» Controlling for confounding factors (e.g. gender)

The data extracted from eligible articles included the patitin date, indication for PCI, study
setting, study population size and characteristics, iatdion details, QoL measurement, length
of follow-up, results and measures of statistical sigmitea(Table 1). Corresponding authors
were contacted to obtain any missing information and tuest sub-group data where

appropriate: only 1 such author provided additional inforomati

Meta-analysis was attempted using the "metan" commarttata software version 1The

purpose of using this statistical technique is to combine tretefizes from different eligible
studies to obtain a pooled estimates of the overall effect bjppRECedures on QoL in elderly
patients.There are two statistical models which are considered &mdamental for meta-
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analysis, the fixed effects models or random effectdetso The assumptions used in the two
models are different. The fixed effects models assunasaththe studies included in the meta-
analysis will have one true effect size and that the sagpliror is the underlying cause of the
all variations in the observed effect® In contrast, the random effects model assumes that the
true effect may vary from study to study. This modsuages that the heterogeneity is attributed

to the diversity of the underlying factors in differstudies.

Eligible studies for the systematic review were conductelifferent years and countries. In
addition, they used different QoL tools, with measuredieghpt different time intervals

following PCI. These differences resulted in much variabiégween the studies. Therefore, the
random effect model was used to attempt to calculateotidioed effects of PCl on QoL in
elderly patient$®® The b, quantifies the effect of heterogeneity and provides auteaf the
degree of inconsistency in studies’ restifdNegative values oflare put equal to zero so that

I lies between 0% and 100%. A value of 0% indicates nerobd heterogeneity, and larger
values show increasing heterogeneity. loanretlisl. suggests thaf values >75% should be

considered higfi**
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2.3.2. Findings

One hundred and thirty-one articles were identified byeteetronic search, of which 28 were
discarded as duplicates (Figure 11). Title review resutéde exclusion of a further 61 articles.
The abstracts of the remaining 42 were screened amdiditional 18 were excluded. The full
manuscripts of the remaining 24 were reviewed and 9 weged eligible for inclusion in the
review. The eligible studies were published between 39@32011 (inclusive). They included a
total of 671 older patients within the 9 studies, with a meanah@2.9 (ranging from 82.1 to
83.9 years) across the studies. The oldest patient wade@ms 96 years of age. Four studies
reported separate results for both older patients agid ybunger counterparts, with three of

them making direct comparisons. Four studies provideddefud after comparisons.

Six studies included patients with a mixture of stable arglable angina; one included only
elective PClIs and two had only PCIs undertaken follovangte events. Follow up of Qol
ranged from to five to 40 months following PCI. The SF-3&whe most commonly used tool
and was used in three studies, followed by Seattle AnginaiQuesire (SAQ) in three studies.
The EQ-5D (EuroQol 5 Domains) and the RAND 36 (a 36tltdealth Survey from RAND

Health) were used in only one study each. (One studgsssd QoL using two different
assessment tools in the same population). Two studiesotlidse a validated QoL instrument
but asked patients to classify their own QoL following BE€either excellent, good, fair or poor;

or score it on a 0 — 10 scale, with no pre-interventiorsomeanent.
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Table 1: Summary of studies: study design, sampland instruments: quality of life following percutaneous coronary intervention in

octogenarians.

Authors/Country | Study Design Quality Sample PCI indication Mean Age (years)| Instruments Intervals of testing
(publication year) Score* (age range or SD) and number of
patients
in each interval

Before and after comparisons
Agarwalet al. Prospective cohort 3 74 patients 51 ACS 82.5+2.1(80to 96) SF-36 Baseline n=74
(2009), UK Multiple (503) >80 yrs | 23 Chronic SAQ 6 months n=73

measurements stable 12 months n=71
Grahamet al. Prospective cohort/ 4 13780 yrs 13 Stable 82.1 SAQ 1 year n=118
(2006), USA register of cardiac (819 70-79 yrs)| 43 Unstable 3 years n=94

catheterisation (2698 <70 yrs) | 56 AMI

Patients. Compares 26 Other

medical, PCl and

CABG
Kahleret al.(1999) Prospective cohort 3 34>80 (24%) Elective 83+ 3 (80-89) SF-36 Baseline n=34
Germany with external yrs (34 <80) 6 months n=34

comparison group
Li etal. (2010) Prospective cohort 3 23>80 yrs ACS * SF-36 Baseline
China (132 60-79 yrs) 6 months

(78 <60 yrs)

Yanet al.(2012) | Prospective cohort 3 &80 yrs Stable & AMI *x EQ-5D

(conference abs)

(476 60-70 yrs)
(255 <60 yrs)




Authors/Country | Study Design Quality Sample PClI indication Mean Age (years) | Instruments Intervals of testing
(publication year) Score* (age range or SD) and number of
patients
in each interval
QoL assessed post procedure only
Krumholz (1993), | Cross-sectional 1 41 23>80 | AMI 83.9+05 Excellent, No baseline
USA yrs good, fair or 12 months
poor
Gunalet al.(2008)| Cross-sectional Qol 2 98 patients 63 elective 82.7+29 RAND-36 No baseline
Netherlands compared to general (393) >80 yrs | 35 acute/stable 1 year post PCI N=68
population
Kamiyaet al. (2007 Observational, 3 100 PCI 56 emergent 83.3+28 SAQ No baseline
Japan comparison of patients(63) 44 elective 39.9+30.1
PCI, CABG & >80 yrs months n=58
medical
Little et al.(1993),| Cross-sectional 2 118 patients | 102 AMI 83 (80-91) Self ranked on No baseline
USA comparing to (678) >80 yrs | 16 Other a 0-10 scale | 18.1 =10 months

Patients <80 yrs

QoL Quality of Life; PCI Percutaneous Coronary tuéntion; CABG Coronary Artery Bypass Grafting; AMtute Myocardial Infarction; ACS Acute Coronaryrféiyome; SF-36 Short Form Health Survey; SAQ Sedttigina Questionnaire; EQ-5D EuroQol 5 Domains;
RAND-36 Rand Health's quality assessment tool; WHIREBREF World Health Organisation Quality of Lifa@rtened questionnaire — Maltese version.

*Quality score 1-5 (5 denoting best score) ** migstlata.
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Krumholzet al>*?in 1993 was one of the first studies to report @oktcomes following PCI in
octogenarians. They compared 41 patients underdd@igwith 18 undergoing coronary artery
bypass grafting and 34 managed medically. They asghple self-rating system where patients
graded their average QoL after discharge as: exteljood, fair or poor. At one year follow-up,
86% of patients treated by PCI rated their QoL @sdgor excellent, compared with 89% treated
by CABG and 44% of those managed conservativelytd$ts of statistical significance were
reported but post hoc analyses suggests that ttoeroa following PCI was comparable to
CABG and better than medical management alone. Menyéive patients who underwent PCI

died prior to follow-up, making generalisation bétfindings problematic.

A simple self-rating scoring system was also usetlitile et al.in 1993 to compare outcomes

of PCI in 118 octogenarians to that of 500 youngatients. There were significant baseline
differences between the groups in sex, left vemticdysfunction, indication for PCI, severity
of angina and complexity of PCI. QoL outcomes waemasured between 6 and 48 months later
in 110 of the 112 octogenarian hospital survivbrg, not in the younger patients. Among long-
term survivors, QoL was rated as 8.3 = 2.0 usid@ @oint scale, with 95% stating that they felt
their QoL had improved following the procedure. bliseline scores were undertaken to assess

improvement from baseline.

Four additional studies assessed QoL after PClowitfiormal baseline comparisons. Gleal
al.*!® assessed outcomes at one year follow-up usinR#D-36 instrument in 68 of the 75
octogenarians recruited to the study. These patiated their general health as 57+19 points on
a 0-100 scaleThe authors stated that “at follow-up the geneedlth was rated as fairly good
and better than before PCI,” but provided no dataupport this statement. Older patients had
fewer symptoms of angina at follow up, assesseaagusie CCS classification. RAND-36 scores
were compared with octogenarians from the Nethddageneral population and no differences

were demonstrated in the scores for either physicainental well-being. In a retrospective



study, Kamiyaet al. used a modified SAQ in 58 PCI patients ageB0 years who survived to
follow up (39+20.4 months):* Favourable QoL scores were obtained for the physind
mental domains. Both univariate and multivariatalgses of the predictors of unsatisfactory
QoL were undertaken. This showed that left venlaicadlysfunction was the only significant
factor that influenced QoL scores were also foumdbé comparable with optimal medical

therapy or coronary artery bypass grafting.

Martin et al3'® compared QoL outcomes of minimally invasive directonary artery bypass
(MIDCAB) and PCI for left anterior descending at€L AD) revascularisation. The SF-36 was
used in 330 patients (172 MIDCAB, 158 PCI). No tiasemeasurements were undertaken,
however follow-up was continued up to 84 monthsefage follow-up to 38 months). The
authors concluded that QoL was better in patiegésl &80 years who had undergone MIDCAB
compared with PCI, but not in those age&D years. The number of patients ag8@ years is
not presented. While propensity score matching usesl to select the PCI patients, baseline

QoL is not included.

Cassaet af'® used the WHOQOL-BREF (Maltese version) tool toeassQoL in 228 patients
following PCI to examine differences between sutugs. Patients agedlO years were chosen
randomly to receive the questionnaire; a respoaste af 64% was achieved. Only 11 patients
were age@80 years and no statistically significant differerveas found by age group. Agarwal
et al®!" assessed QoL in 74 consecutive octogenarians gmidgrPCl using both the SAQ and
the SF-36. Baseline measurements were undertakeotiénal status and QoL of life, at both 6
and 12 months, were found to be lower than thesageific general population norms, but
substantially improved compared with baseline mesamsants. The use of both SAQ and SF-36
enabled the researchers to assess both diseaszsp®t general health status. The consecutive
nature of recruitment resulted in mainly patientishwACS and MVD being included in the

study.

Grahamet al®'®

used the Alberta Provincial Project for Outcomesséssment in Coronary
Heart Disease (APPROACH) register to assess Qgaiients undergoing PCI compared with

optimal medical therapy and coronary artery byppa#ting. Revascularisation patients reported
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better QoL scores than those treated medically theefull three year follow-up period. Overall
response rates for patients ag&@® years was reported as 77.7% at one year. Simeypercent

of those responding at one year also completed@ @4estionnaire at 3 years. Non-responders
were much more likely to have received medical gpgralone suggesting possible over-
estimation of the QoL benefit in older patientseyhvere also more likely to have missing data,
particularly their exertional capacity scores. aients>80 years of age who were managed by

optical medical therapy subsequently underwentsawarisation.

Kaehler et al®'® compared QoL, measured using the German translatiche SF-36 at 6
months following PCI (in only 34 patients aged 8hars and over) with the same number of
younger patients. Immediately following PCI, phgsidunctioning and general health were
worse in those80 years. However, all other SF-36 domains wertebét patients aged80
years at baseline. They found that the benefidQifwere at least equal, and for some measures

were even more pronounced, in the older patients.

More recent studies have also demonstrated grieapeovements in QoL among octogenarians

than younger patients, following PCI. In 2010,étial3?°

reported the results of a prospective
study of 624 patients who underwent PCI or medicafapy for acute coronary syndrome in a
single centre. Older patients reported lower Qobres at baseline but reported greater
improvements in physical health following PCI thanunger patients (using the validated SF-36
Chinese version) (p<0.001). Eighty percent of pasievere followed-up to six months, which is

comparable with other PCI follow-up studies. Howelenger-term QoL was not assessed.

An abstract presented orally at the Cardiac Somé&tiustralia and New Zealand conference

2010 reported the results for 647 consecutive patientdong Kong who were managed by

PCI for stable angina or acute coronary syndrontee EQ-5D was used to assess QoL at

baseline and six months following PCl and compaved medical therapy across 3 age groups

(<60, 60-79 and >80 years). EQ-5D scores at baselivd at 6 months showed no significant
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differences between the age groups, with 86%, 8486/8% (p=0.32) respectively of patients in
each age group experiencing improvements in Qdbviahg PCI.

2.3.3. Conclusion

This systematic review identified 9 studies whichvé examined the impact of PCI on QoL
among 671 octogenerian patients. The mean age @&@sy@ars (ranged from 82.1 to 83.9
years). The evidence, to date, suggests that ¢hef@@ octogenarians does improve following
PCI. The benefits are found to be greatest in itis¢ & months but may continue for at least 3
years. Older patients improve at least as mucloasger patients and appear to gain more in the
areas of physical functioning and angina status.

This is the first systematic review to assess Qitgr @aevascularisation by PCI in octogenarians.
The results are in keeping with other studies wliemonstrate improved QoL in younger and
older patients following PCY:*322279.281.3083%5 axample, The TIME study (Trial of Invasive
versus Medical therapy in Older patients) demotetrasignificant improvements in QoL
following revascularisation compared with basefifeThese QoL improvements in older
patients (defined ag75 years rather than as octogenarians), as meabyrélde SF-36 and
DASI, appeared to be maintained at one year follpvand were found to be initially superior to
optimal medical therapy alone. Improvements in Qothe optical medical therapy group were
thought to be the result of a high cross-over (d8%) to revascularisation. While this small
selective randomised controlled trial may not neaghy be generalisable, it did consider QoL as
a primary end point and therefore included it ia gower calculation. In addition, CABG and
PCI have been reported together as ‘“revasculasatmaking it difficult to assess the

improvement following PCI alone.

There have been a number of other studies that $tamen that PCI produces improvements in
QoL measures in older patients that are equivalegnor even better than, those observed in
younger patients. Spertus and colleadlfeassessed this and concluded that age was an
independent predictor of QoL benefit in 1,518 consee patients in the United States of
America. Set8* and colleagues assessed QoL using the SF-36 githasymptoms with the
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SAQ during 1-year follow-up in 295 patients age@my0 years compared with 1,150 younger
patients (maximum age 89 years). At baseline, ghd¢ients reported lower scores for physical
functioning but similar scores for mental healthhen compared with younger patients. At six
month follow-up, both older and younger patientsoréed significant improvements in mental

health, physical health and angina status. Simdathe findings of this study, the benefits

persisted and, at one year follow-up, 60% of eachreported no angina. The conclusion was
that QoL improvements after PCl were not age-depend

The studies included in this systematic review wesgerogeneous in nature: 4 studies included
differences between older patients and their yousgeanterparts; 6 provided before and after
comparisons and 8 included a mixture of stable amstable patients; 1 included only elective
patients and 2 included only PCls undertaken fdlgwacute events. Follow up of QoL
following PCI ranged from to 6 to 39.9 months. Qohs assessed using 5 different validated
QoL tools or by informal self-reported QoL. Studiesre from 6 different countries (including 3
from the USA, 2 from the UK, and 2 from China). Tgeality score of the studies (which
included the number of participants in the studgjied from 1-5 (5 denoting the best score

possible), with the majority of studies scoringri@lao studies scoring 5.

As discussed, QoL tools can be generic (e.g. SFeB@jisease specific (e.g. SAQ). Generic
instruments address multiple aspects of patiexisérence following interventions rather than
focusing on specific features of a particular dsgeda here is much debate in the literature as to
which tool is most appropriate to measure improvasiéollowing PCI or to assess QoL in
older peoplé!®?*32%isease specific instruments (e.g. SAQ) are censitimore appropriate to
assess QoL directly in the presence of CAD.

This systematic review concentrated on octogensargnrepresentative of much older patients.
There are numerous studies in the literature whig$ess clinical outcomes in octogenarians
following PCI12°*%%*°The ageing population and increased life expegtaias resulted in more
octogenarians presenting for PCI, suggesting thaéstigating outcomes in this group is
important and hence the choice of age cut-off. Atghof individual studies, which were

identified through the search strategy as likelgaatain participants >80 years were contacted
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with requests for sub-group data. Only one studg @lle to provide such data — the RITA
study?*® This has not been included in this systematic re\as it contained only 1 participant

aged>80 years.

As with all systematic reviews, publication biasyntee important because negative studies are
less likely to be published. Publication bias istigalarly important in this field, given that the
number of published studies is small. The posgybdi confounding and bias is a likely issue
within the studies included in this review becaasy one study reported statistical adjustment
for confounding variables, such as baseline QoL @articipant characteristics. The studies also
used widely different selection criteria, makinglifficult to generalise the results. The search
strategy excluded non-English language studiesclwimay have excluded some studies.
However, English tends to be the language usedidiaogy interventional studies, therefore
there is likely only to be a very small number @didses which report in another language.
Heterogeneity ¢>75%)amongst the populations and the QoL tools utiliggds the missing
QoL scoring data from most of the studies mearttritteta-analysis was inappropriate. This high
degree of statistical heterogeneity is in keepinth what is known about differences in the
studies in: country of origin, study designs, guwatif the studies, sample size, election criteria,

range of time of follow-up, and QoL measuring tools

The benefits of this systematic review are thaiséd a robust search strategy, which used
multiple databases and followed the PRISMA guidsdin making it unlikely that relevant
studies were missed. Two independent reviewers we&ed to assign quality scores to each of

the studies.

Overall, this systematic review shows that QoLdwling PCI in octogenarians improves at least
as much as younger patients. Given the small numbstudies with only 750 octogenarians,
further studies would be useful in determining th@xtogenarian patients who are likely to
derive the greatest benefit from the proceduretandvestigate a consensus in the measurement
tool utilized to measure QoL following PCI in oldeatients. This is particularly important as we
have an ageing population; this will result in awrease in the number and proportion of

octogenarians likely to undergoing PCI in the fatur
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2.4. Review of the literature: telomere length and

coronary artery disease

As discussed, there is emerging evidence of ancedgm between telomere length and
attrition with age-related diseases such as CVInyMaich studies explore telomere length
as a biomarker of ageing, with the potential tddrgtredict CVD incidence and prognosis
than chronological age. Shorter LTLs have alsmissesociated with: CVD risk factors
(see Chapter 1.1.4); atherosclerdsSishronic heart failuré® peripheral artery disead®
degenerative aortic valve stenodfsintima-media thickness of the carotid artery; camy

artery calcification; and CAD, independent of age.

Two main hypotheses exist (these are not necessautually exclusive) to explain this

association:

» Telomere attrition, caused by ageing, is acceldrayecardiovascular risk factors
and disease, and reflects the overall burden rimhatory, oxidative, and
mechanical stress induced by increased heart natteeocardiovascular systeff.

« The Telomere Hypothesis of CV suggests that shorter inherited telomere
length is the primary abnormality and is causadigaziated with atherosclerosis

and CVD.

However, there is no consensus in the literatureviasther or not telomere attrition is

causally linked to CAD>! although there is growing evidence to supportssoeiation.

Brouilette et al®*?

evaluated whether shorter TL is the primary abradityn in healthy
offspring of subjects with, and without, a familystory of CAD. Their study design
eliminated potential baseline effects: because Ad. @VD risk are to an extent inherited,
they measured the TL of healthy young adults. Redrdm this pilot study of 104 subjects
indicated shorter telomeres in the offspring of CAdtients, suggesting that shorter
inherited telomeres predispose to CAD. This findsngports the Telomere Hypothesis of

CVD implying that shorter telomeres are a primabp@mality. This finding has been
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partially confirmed in a study that showed shoit@L in the offspring of patients with
ischaemic heart failure than in the offspring oéltiey controls, but no difference between
the two groups in telomere length in CD34+ monoeackells or buccal celf§> A small
study by Dei Cagt al®** (82 offspring), the larger Bruneck stu@00 offspring)*** and
the European Atherosclerosis Research Study Il @RR1%* (765 offspring) have shown
a similar association. However, results were oftely borderline significant, and could be

prone to confounding effects.

Although experimental evidence in support of tHe af telomere length in cardiovascular
disease is compelling, there is much less epidemicdl evidence. The majority of
epidemiological studies have shown an associatitmage, cardiovascular disease and its
risk factors. However, as most studies are crosBesel, case controls or disease cohorts
(rather than prospective cohort studies in thogskout CAD) there is less evidence to
support a causal association. While important,gtieslings could equally suggest either
hypothesis is appropriate - that CAD causes teleradrition rather than vice versa. Or,
alternatively, that both telomere attrition anddiavascular disease might be caused by
common risk factors (smoking, hypertension, highltoholesterol level, obesity, physical

inactivity), which contribute to inflammation andidative stress>*!

Several studies have identified an increased aslAMI and heart disease in subjects with
shorter telomere¥®33":33833%though it is unclear to what extent telomeragtarmight
have already been affected by subclinical disetaessor by confounding variables at

baseline.

1138 assessed the association between atherosclendsislamere length in

De Meyeret a
the large Asklepios Study population (2509 subjeditsey concluded that LTL is not a
substantial underlying determinant of precliniddlegiosclerosis. The only marginally
significant finding was observed in women, whermbmed atherosclerotic plaque
(carotid and femoral) prevalence was increasedaed with shorter telomere length. It
has also been shown that LTL is shorter in patieitts carotid plaques compared with

those without®
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While a meta-analysis has been undertaken by ChdrZang in 201¥° exploring the
relationship between telomere length and CAD, & baly been presented as a conference
abstract in Heart. They used telomere length data fL3 publications consisting of 1985
cases and 3435 controls in a pooled meta-analysaasdess the association between CAD
and telomere length. They suggest that telomergythens associated with CAD
(WMD=-0.26, 95% CI -0.29 to —0.23). This associatimetween the telomere length and
CAD was statistically significant in studies fromurfpean-American countries
(WMD=-0.25, 95% CI -0.29 to —0.22), and Asian coig% (WMD=-0.83, 95% CI -1.21
to —0.45), with the authors stating there was nblipation bias (no indication is given to
how this was assessed in the abstract). Givenrtfieedl evidence and the absence of a full
publication of the Chen systematic review and nagtalysis, a literature review was
undertaken following systematic review processesassess the literature on the link
between CAD and telomere length in peripheral leyt=s. This was primarily undertaken
to provide background and a basis for comparisoresidlts, for the biological ageing in
CAD study in Chapter 4.4.
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2.4.1. Search strategy and search criteria

Three journal databases were used (Ovid Medlin& 1845eptember week 1 2013, Ovid
Embase 1996 to 2013 week 36, and Science Dire@ 4pgesent (31.12.2013)) with the
following search terms and Boolean connectors agpli

1 “coronary” OR “heart” OR “cardi*” OR “myocardi* 8 "submyocard*” OR
“arter*”
2 “‘disease*” OR “infarct*” OR “ischaem*” OR *“ischeth OR *“athero*” OR

“angina” OR “steno*

3 “telomere*” OR “*telomere length” OR “telomere @itening”

4 “leucocyte* OR “peripheral white blood cell” ORvhite blood cell*” OR “TL”
OR “LTL”

5 1 AND 2 AND 3 AND 4

The search was limited to studies conducted on hamaad those that were available in
English and was last run on 16.01.2014. Only stuthat reported the association between
telomere length in peripheral blood leucocytes @Ad were included. Exclusion criteria
included: reviews, editorials, studies which in@ddCVD other than CAD or only CVD
risk factors. The reference lists of relevant &tqincluding reviews and editorials) were
reviewed to identify additional articles that wepetentially relevant. In cases where

studies had duplicate publications, the most repghlication was used.
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The data extracted from eligible articles includee publication date, study setting, study
design, study population size and characteridti€k, measurement method, main outcome

of interest, and main findings (see Table 2)

Records identified through
database searching (Medline,
Embase and Science Direct)

n=1051

Duplicate studies removed

v

n =248

Y

Titles screened

n =803

Irrelevant studies excluded

v

i n =554

Abstracts screened

n= 249
Abstract articles excluded

v

] n=181

Full text assessed

n= 68

!

Studies included in literature

review

(n=26)

Figure 12. PRISMA Flow diagram of studies
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Table 2:Summary of studies: study design, sample, instrumes, and main findings: leucocyte telomere length and camary artery disease.

pd

e

Lead author/ Study Number of Age of participants Telomere Main Outcome Main Findings
Country Design participants years Measurement | indicator
(publication year) (age range or SD) method
Carquist Cohort 3,569 patients | 62.9 Multiplex Evidence of CAD | Univariate-longer LTL associated with decreas
(2013) undergoing gPCR and survival risk CAD and death. No association with Ml or
USA angiography. (follow up 9.2 stroke.
Conference abstract 63.2% found to years) Multivariate — only association with death
have CAD remained.
Ye Cohort 1,917 Shortest tertile —41.7 + | PCR Fatal/Non fatal No association found. Non fatal CAD associate
(2013) Population 18.0 CoV 5% to 8% | CAD events with the middle tertile (OR 1.63, 95%CI:1.07-
Canada based Middle tertile — 46.1+17.8 (based on hospital 2.51, p=0.02)
Longest — 51.8+18.1 discharges) Small number of CAD events.

Perez-Rivera Cohort 203 males with| 50-74 (mean 62+7) n=150gPCR Death Short telomere length is associated with a worg
(2012) ACS >75 (mean 8215) 4=53 Revascularisation| prognosis in men aged 50-(OR 2.56, 95% CI:
Spain Recurrent angina| 1.03-6.39, p=0.04) — note inflame markers

Heart failure

Composite end

point
Ruff Cohort 5,057 ACS Unknown gPCR MACE Strong indepahdssociation between LTL an
(2012) MACE
USA
Conference abstract
Russo C-C 199 cases 18-48 gPCR AMI No significant difference on univariate or
(2012) 190 controls (period of most flattened | CoV 1.46% multivariate analysis
Italy LTL loss)
Weischer Cohort 19,284 36-74 RT-PCR Ml Short LTL is associated with only modest
(2012) Population CoV 2% IHD increases | in risk of Ml, IHD, and Death.
Denmark based Death HR MI: 1.10(1.01-1.19)

IHD: 1.06 (1.00-1.11)

Fyhrquist Cohort 1271 Southern Blot CAD Short LTL associated with CAD in males: OR
(2011) With HBP Framingham 0.61, 95% CI 0.39-0.95), and transient ischem
USA & LVH score attack in females (OR 0.62 95% CI 0.39-0.99).

MACE Proportion of short telomeres was associated V|

combined cardiovascular mortality, stroke or
angina pectoris (HR 1.04, 95% CI 1.01-1.07)

c

vith
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Lead author/ Study Number of Age of participants Telomere Main Outcome Main Findings
Country Design participants years Measurement | indicator
(publication year) (age range or SD) method
Wang Cc-C CAD 163 CAD - 57.7£11.6 RT-PCR CAD LTL shortening associated with PWV
(2011) Controls 112 Controls 56.3+9.2 CoV Carotid femoral | Correlation between LTL and PWV with CAD
China 1.5%+1.2% pulse wave was stronger than in controls
velocity (PWV)
Fitzpatrick Cohort 1,136 73.9(4.7) Southern Blot | Cause specific “Borderline” association for cardiac deaths
(2011) Population CoV 1.7% mortality 1.82 (95%CI:0.95-3.49, p=0.07)
USA based
Cardiovascular Health 19.0% had
Study CHD
Calvert C-S 170 stable Upper tertile 59.9(11.0) | gPCR Plaque severity onShorter LTL is associated with high-risk plaque
(2011) PCI patients | angina or ACS | Lower tertile 63.1(10.2) virtual histology | morphology but not total 3-vessel plaque burden.
UK ultrasound
Willeit Cohort 800 Population| 45-84 in 1995 gPCR Composite CVD | Baseline LTL is a significant and independent
(2010) based intra-assay CoV| endpoint risk factor for composite CVD endpoint but not
Italy 1.2%; IC or stable CAD
interassay CoV
2.4%
Maubaret Cc-C 598 white <60 RT-PCR CAD Those with CAD had shorter LTL tramtrols
(2010) patients who
Europe survived AMI
653 age-
matched
controls
Spyridopoulos C-C 25 CAD 65 Flow-FISH CAD LTL negatively associated with CAD
(2009) 27 Controls Interindividual
Germany variability 5.5%
and
intraindavidual
variability 1.0%
Njajou Cohort 2,721 70-79 gqPCR Survival LTL not associated with overall survival or CAL
(2009) Population CofV 5.8% CAD mortality mortality
USA based
Health ABC study Multi site
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Lead author/ Study Number of Age of participants Telomere Main Outcome Main Findings
Country Design participants years Measurement | indicator
(publication year) (age range or SD) method
Yang Cohort 388 patients | 30-80 gPCR CAD Shorter LTL and hypertension are independent
(2009) with Average SD for risk factors for developing CAD within 5 years
China hypertension the triplicate
379 healthy measurement
controls was 6.8%
Mukherjee Cc-C 238 CAD 29-82 RT-PCR Confirmed CAD | After adjustment T/S ratio was significantly low,
(2009) (attending for CoV 1.5% CAD severity in patients with a history of CAD.
India CAD No association was found between CAD severity
investigation or and LTL
management)
238 Controls
Epel Cohort 236 Population | 70-79 gPCR CVD mortality Baseline LTL “weakly” predicted cardiovasculaf
USA McArthur based CoV 5% over 3.5 years mortality, p<0.10
(2009) Healthy In men, LTL change (shortening) associated with
ageing study greater mortality from CVD OR 3.0, 95%CI:1.1
8.2, p<0.04
In women, baseline LTL was associated with
greater mortality from CVD OR 2.3, 95%CI: 1.0-
5.3, p<0.05
Zee Nested C-C | 337 white Cases 60.1+8.7 Modified gPCR | AMI After adjustment (no lipids in model) LTL was
(2009) males AMI Controls 60.2+8.7 CoV<5% significantly associated with the risk of MI (OR
USA 337 Controls 1.6, 95%Cl:1.14-2.30, p=0.007)
(USA
physicians)
Farzaneh-Far Cohort 780 with Stable Quartitle 1 — 70+10 gPCR Mortality After adjustment lowest LTL quartile associated
(2008) angina 2 -68+11 (single MACE with significant increase in death, heart failure
USA 3-67+11 measurement) | Heart failure admissions but not MACE.
4 — 65+11 CoV 9.5% Inflammatory
markers
Starr Nested C-C | 620 patients | 40-80 gPCR Ischaemic heart | Univariate analysis — shorter LTL in ischaemic
(2007) with ischaemic failure heart failure
UK heart failure Shorter according to the severity of

183 Controls

atherosclerosis
Shorter LTL predicts death and hospitilisation
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Lead author/ Study Number of Age of participants Telomere Main Outcome Main Findings
Country Design participants years Measurement | indicator
(publication year) (age range or SD) method
Brouilette Nested C-C | 484 Patients Cases 56.9(5.1) gPCR CAD Individuals in lowest tertile of LTL moli&gely to
(2007) WOSCOPS | with CAD Controls 56.7(5.2) have future CAD. Risk was attenuated by use ¢
UK study 1,058 controls Pravastatin.
Kurz C-C 64 patients with >=70 Southern Blot | Calcific arotic No association found between CAD and LTL in
(2006) calcific aortic Interassay stenosis neither cases or controls
Switzerland stenosis variability CAD
7.8%+7%
Brouilette Cc-C 203 premature | Cases 46.8(6.2) Southern Blot | Premature AMI After adjustment — shorter quintitsaciated
(2003) AMI Controls 47.2(5.9) “Interassay with 2.8-3.2 fold increase in premature Ml
UK 180 Controls variance in
estimate of
mean TRF was
3.3+/-2.7%"
Obana Cc-C 78 CAD with | CAD 66+7.8 Southern Blot | CAD CAD had significantly shorter LTL compared
(2003) hypercholestera No CAD 64+7.1 Interassay CoV with controls
Japan lemia Controls 64+46.4 2/1%
62 No CAD
with
hypercholesterqg
lemia
30 Controls
Cawthon Cohort 143 Population| 60-97 gPCR Death 3.18 fold higher mortality from heart disease
(2003) based 5.8% Death from CVD | (95% CI:1.36-7.45, p=0.0079)
USA
Samani c-C 10 Severe CADQ 39-72 Southern Blot | CAD Cases had mean terminal restriction fragmentsg
(2001) 20 Controls Interassay 303 (SD 90) base pairs shorter. Equivalent to
UK variation was those 8.6 years younger.
0.8% (SD
1.5%)

ACS acute coronary syndrome; AMI acute myocarditdriction; CAD coronary artery disease; C-C cas#roli Cl confidence interval; CoV coefficient cinance; CVD cardiovascular
disease; Flow-FISH fluorescenicesitu hybridization; HBP hypertension/high blood pressiR hazard ratio; LTL leucocyte telomere lengi¥H left ventricular hypertrophy; MACE
major adverse cardiac events; OR odds ratio; gP@Rtgative polymerase chain reaction; SD standaxdation; T/S ratio relative ratio of repeat tagle copy number; WOSCOPS West

of Scotland Coronary Prevention Study

115



2.4.2. Findings

One thousand and fifty-one articles were identitigdthe electronic search, of which 248
were discarded as duplicates (Figure 12). Titléesgwesulted in the exclusion of a further
554 articles. The abstracts of the remaining 248sereened and an additional 181 were
excluded. The full manuscripts of the remainingvé&e reviewed and 26 were judged
eligible for inclusion in the review. The eligibtudies were published between 2001 and
2013 inclusive. They included a total of 23,452tipgrants within the 26 studies. The
oldest patient was reported as 97 years of agehangloungest as 18. Nine studies were
case-controls, 3 were described as nested casmisorit3 were cohorts, and one was
cross-sectional. Of the cohort studies: 7 includegulation based participants; 2 had only
participants who had recently had an AMI or ACSjntluded participants with and
without hypertension; 1 included participants witlypertension and left ventricular
hypertrophy; 1 included participants attending iforestigations or management of stable
angina; 1 had participants who were undergoing B@i,only 1 had participants who were
undergoing angiography where some 63.2% were foorthve CAD and were followed
up for 9.2 years. Six studies used Southern Blanéasure LTL; 19 studies used some
form of PCR (RT-PCR, qPCR, or “modified” PCR); ahdstudy used “multicolor flow

cytometry-fluorescent in situ hybridization”.

Of the 10 case-control and 2 nested case-contrdlest, 10 found an association between
LTL and CAD. The first of these studies was a vamall pilot study undertaken in 2001

by Samankt al®*

They measured LTL, using the Southern Blot metfvath interassay
variation of 0.8 SD 1.5%), in 10 cases with sev@f® and 20 controls. The cases were 9
men and 1 woman with angiographically detected reey®275% stenosis) triple vessel
CAD. The controls were 10 men and 10 women withnrabrarteries on angiography
which was preformed to investigate valvular hegease (n=9) or chest pain of uncertain
origin (n=11). An age-related decrease in meanntefe restriction fragment in blood
leucocytes of 30-40 bb/year was found in individualith CAD. On average, mean
telomere restriction fraction was similar to cotdravho were 8.6 years older. The small

numbers and sex difference between the groups waaj@ limiting factor in this study;
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although the difference remained significant (p€Q@)0when the analysis was restricted to
males. The inter-assay variation of the LTL measierg was 0.8% (SD 1.5%).

The unselected consecutive cases in Mukhajes’s>*?

study also attended for coronary
investigations or treatments of CAD (74% for diagp® angiography, 20% for PCI, and
6% for CABG) to a single centre in India. They commed of 195 males and 57 females
aged 29-82 years. Controls were recruited frongtreeral population of people living and
working in the neighbourhood next to the hospitad avere free of CAD (based on self-
reported history, Rose’s angina questionnaire aedications list). Real-time PCR was
used to determine the T/S and the CoV was repa@sedeing 1.5%. Correlations from a
previous study were used to relate differences/$ratio to differences in mean telomere
length. They found that the mean LTL in cases wasifecantly shorter after adjustment
for clinical characteristics 1.34bp (95%CI:1.27bf.42bp, p=0.002) with no relationship
between T/S ratio and severity of disease. Howetley did not find an association
between LTL and age in either the cases nor theaenThis may be due to the wide age

range or the Indian ethnicity of participants.

In 4 of the case control studies, all of the ineldccases had had an AMI. (Maubaztt
al.,>*® Russoet al**® Zee et af*° and Brouiletteet al (in their 2003 study}* Russcet al**

1,338 and Brouiletteet al>**

Maubaretet a used cases that had premature AMIs. However, it
is possible that LTL may adversely affect immediptegnosis following AMI meaning

that survivors of AMI may have differences in LTaropared with those who died.

Maubaretet al3®

in the HIFMECH (hypercoagulability and impaire@rinolytic function
mechanisms predisposing to myocardial infarctidadly showed a significant relationship
between LTL and AMI in patients <60 years of aglkee Btudy compared male survivors of
AMI (598 white males <60 years of age) with popiglatbased controls of the same age
and region of North or South Europe (598 white ngpalBents (<60 years) who survived a
first MI and 653 age-matched control subjects fraoross Europe). In addition, 413
coronary artery bypass graft patients and 2 groops461 patients with familial
hypercholesterolemia (FH), of whom 162 had prenea@HD, were recruited. LTL was
measured using a real-time g-PCR. It was repotiatl LTL was significantly shorter in

patients (7.85 kb) compared with control subje@&®4 kb,P = 0.04). In the coronary
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artery bypass graft sub study, LTL was also sigaiftly shorter compared with control
subjects. In the FH patients, LTL was shorter insth with CHD (overall, 8.68 kb)
compared with the non-CHD subjects (9.23 Ria; 0.012). On the other hand, LTL was
not associated with any measured CHD risk factoce@ for age. These data confirm that
subjects with CHD have shorter telomeres than obstibjects, and extends this to those

with monogenic and polygenic forms of CHD, suchrbs

Brouilette et al3** in 2003 also found a statistically significant @sation between mean
terminal restriction fraction in 203 cases of AMbG< years of age and 180 controls.
Controls were recruited from 3 primary care pragio the same geographical area. Cases
were 3/12 post AMI matched for age, sex and cumserdking status. All participants were
white and of Northern European origin. SoutherntBhberassay variance in estimate of
mean TRF was 3.3+/-2.7%. They found that havingtshdhan average mean leucocyte
TRF length increased the risk of MI approximatelyfoRl (2.79, 95%CI:1.53-5.11,
p=0.001). No correlation was found between ageldid however, the participants in the
study were aged 18-48 years old. As discussedighimught to be the age range with the
cardiovascular event. During multivariate regressanalysis, the LTL determined at
enrolment did not predict major cardiovascular ésefhe authors concluded that LTL did
not represent a marker of acute Ml in young pasi@mid was not predictive during follow-
up.36 This could, however, have been influencedhlbynarrow age range (18-48 years is
consistent with the most flattened area of the LAde curve) and low number least

telomere length attrition which may explain thisding.

In contrast, Russet al>*3

compared LTL in 199 consecutive patients admitteain Italian
coronary care unit with a first diagnosis of AMI &8 years of age to 190 age and sex
matched controls. They describe their study aagective case-control, with cases being
followed up for a median of 915 years. No signifitaifferences were observed in LTL
between cases and controls (0.81+0.14 vs 0.77$58@246). Real time quantitative PCR
with a CoV of 1.46 5 was used to determine LTL.tleitinformation is provided on
controls and in all, 171 patients completed theaye follow-up of 9 years, during which

time 92 of them presented with a major of studytip@ants as well as other
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methodological shortcomings. For example, no catieh with chronological age and LTL

was shown, as would have been expected.

Zee et al**° employed a nested-case-control design within aawmised, double blind,
placebo-controlled trial of Aspirin and beta-carsda precursor of vitamin A). The study
was initiated in 1982 among predominantly white endlS physicians who were free of
CVD at the time of enrolment. Unlike the other $#sdincidence of AMI was assessed in
337 case-control pairs. The prospective naturehefdriginal study reduces recall and
confounding bias which is a common issue in casdrab studies. A modified gPCR
method was used to determine the LTL with a CoV<6fo. After adjustment, an
association was found between LTL shortening askl of incident AMI (OR MI 1.621
95%CIl 1.14-2.304, p=0.007). As the participantseNgs physicians, there are issues with
generalisability. In addition, potential confounsisuch as Triglycerides, LDL cholesterol,

HDL cholesterol, glucose, and homocystine wereemamined.

Similar to Zeeet al** Brouiletteet al (2007)* used a nested case-control design within the
randomised controlled placebo controlled trial (WEZBS). All participants were from
the West of Scotland, aged 45-64 years of age rdéiadd cholesterol at recruitment, and
were statin-naive. They were randomised to receitier a statin (Pravastatin 40mg daily)
or placebo. The 484 cases had either a primaryaamdmon-fatal AMI or death from
CHD) or underwent coronary revascularisation. Theye matched on the basis of age,
duration of follow-up and smoking status with twantrols that remained event free for the
duration of the study (mean follow-up period of 4y@ars). LTL was measured at
recruitment using gPCR based technique which wawisho be correlated (r=0.65) with
Sounthern Blot in a random sample of 18 participaihey found that individuals in the
middle and lowest tertiles of LTL were more at rifkdeveloping a CHD event than were
individuals in the highest tertile (OR 1.51, 95%dC15-1.98, p=0.0029 for the middle
tertile and 1.44, 95%CI: 1.10-1.90, p=0.009 for lihwest). In addition, they reported that
this risk was found not to be significant in thgeeticipants who had been randomised to
receive the statin, suggesting an attenuationséf towever, the end points used in this
study meant that not all CAD could have been cagtue.g. those being medically

managed.
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Case-control studies which included cases knowhatee CAD were also conducted by
Wang et al,** Obanaet al,**® Syridopouloset al,*** and Mukherjeeet al®!® Wanget
al.***included 163 male Chinese Han patients with CABrating a single centre hospital
in Qingdao, China. They measured LTL and pulse walecity of large arteries (as a
biomarker of ageing of the artery system which mess artery stiffness via the carotid
and femoral arteries). The age range of particpaas 40-73 years of age (less restrictive
than in the WOSCOPS study) and quantitative PCR wugesl to measure LTL (CoV
1.5%+1.2%). All cases had CAD confirmed on cororamgiography: this was defined as
having>50% diameter narrowing 1 coronary artery or itsandjranches. Age and sex-
matched controls were recruited from the same kaigpi=112). They attended for routine
health examinations and were judged free of hypeit® and cardiovascular disease
according to history, clinical examination, ECGddreadmill test. Therefore they may not
be representative of the general population of €&enHan. The T/S ratio as found to be
significantly shorter (p<0.001) in patients with DA0.79+0.26) than in control subjects,
after adjustment for baseline characteristics iiclg lipids and CRP.

Obanaet al3*®

in Japan compared TL in patients with hypercheleshemia (n=91) and/or
diabetes (n=84) (35 had both), according to thegree or absence of CAD. Controls were
30 healthy volunteers who were older than 50 yeaegljust the mean age to be that of the
patient’'s group. Cases were those with hypercherelstemia and/or diabetes found to
have CAD by ECG or coronary angiography (n=62). LWwas measured using Southern
Blot with an interassay coefficient of variance21%. LTL was significantly shorter in
those with CAD than controls using ANOVA (6.1+0.9 6.9+1.5, p=0.0014). However,
little information is given about the recruitmeritamntrols or why only 30 were used. Of
the baseline characteristics (age, gender, smdaitatgs, BMI, systolic and diastolic blood
pressure, total cholesterol) only serum glucose fwasd to be significantly different on
using unpaired ttests (usually used to comparenthans of a continuous variable between
2 unrelated groups — not the 3 (CAD+ with hyperebtdrolaemia and/or diabetes, CAD —
with hypercholesterolaemia and/or diabetes, andralsh used here. In addition, 64% of
cases with CAD were male compared with 73% of asitisuggesting the small numbers
may be an issue with statistical significance ahdt tlarger numbers with statistical

adjustment may have been necessary.
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Spyridopouloset af*’. cases included 25 men who had: coronary angiograyimfirmed
CAD; healed AMI (at least 3 months after infarchi@md impaired left ventricular systolic
function. Controls were 14 young (mean age 26.7%&d&@s) and 13 older (65.1+2.1 years)
healthy male volunteers. Medical history and bldests were used to assess the health
status of controls; with additional echocardiogra@nd stress ECG testing in elderly
controls. This was the only study that used FloBHFIto determine LTL which had an
inter-individual variability of 5.5% and an intradividual variability of 1.0%. LTL was
determined separately for all relevant leucocytatyjes (n=12). A power calculation (to
detect an 80% probability at the 5% significanceele was undertaken to determine
sample size and cases were matched for age. Howswveeference is provided for the
expected difference between the groups. They fabadLTL in cases was 500bp shorter

than in age-matched healthy controls.

Mukherjeeet al3*?

examined the association of LTL and CAD in Indgubjects (known
to have a higher prevalence of CAD). Cases were@B8ecutive patients (aged 29-82
years) admitted to a single centre hospital fopboary investigation or treatment of CAD
and controls were drawn from the general populafresiding in the hospital catchment
area) without a history of AMI, stroke or CAD. Peese 0f>50% stenosis on coronary
angiography was considered diagnostic of CAD waetiesity classified according to the
American Heart Association guidelines (33 casesnaitdfulfil this criteria). Cases were
matched for: age, sex, BMI, and smoking historythwno statistically significant
differences found between cases and controls tmépdipids. LTL was measured using
Real-time PCR with differences in T/S ratio matckedp using their previous correlation
of LTL measured by PCR and by Southern BfétMean LTL was significantly shorter in
cases compared with controls (1.21, 95% CIl:1.1@-1w 1.33, 95%CI:1.28-1.38,
p=0.0003) even after adjustment for baseline chamatics and excluding cases without
significant CAD on coronary angiography. There wagelationship between LTL and the
number of stenosis vessels (p=0.327). Howeverssocation was found between LT and
age (despite the substantial age range in the studpases or controls. The authors suggest
this may be related to the sample size or the @tlgrof participants (which the study was

not designed to assess) rather than imprecisitimeadssay (CoV 1.5%).
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In the nested case control study by Setral,**® participants were recruited from the
Scottish Mental Survey and were all born in 192TL Imeasurement was undertaken in
190 participants at age 79 years using qPCR - rh&anwere determined following the
Cawthonet al. (2003) method. Selection bias towards inclusionpafticipants from
professional and semi-professional social clasedssarvivor bias were major limitations
of this study. Heart disease was classified amiefipossible (e.g. possible angina), or
absent (based on history and normal ECG). Defonitgossible heart disease was reported
in 33% of participants. Associations were examibgdype of abnormality: conduction
defect, ischaemia, and left ventricular hypertropg association (F=0.021, p=0.88) was

found between LTL shortening and with evidencesohaemia on ECG.

Elderly participants (193 ageel70 years) were also used in Kugg al’s**® study. All

participants were recruited prospectively from @atis undergoing elective coronary
angiography. Cases (n=64, mean age 77.2+5.2 years)those undergoing investigation
of CAD prior to valve replacement surgery for @dl calcific aortic valve stenosis (CAC).
Controls (n=129) were those without CAC on direatasurement of the aortic valve
pressures during coronary angiography (mean age&tZ3. years). LTL was measured
using Southern Blot with an interassay variabildly 7.8%+7%. While there was an
association between LTL and CAC, no significantoaggion was found between CAD
and LTL, in cases or controls, even after “invesiigg for possible confounding” (results

not presented in the paper).

Of the 7 cohort studies which used population bgseticipants, 4 restricted the age range
to only elderly participant$?23°3:354:3553%6.357.388 50| ot 13 measured telomeres in 236
elderly subjects at baseline and 2.5 years lat@iléble in 134 participants). They
measured both LTL and telomere attrition and salitheir association with cardiovascular
mortality (which included CAD) over 12 years. Thatgte that baseline LTL “weakly”
predicted cardiovascular mortality; however, thesvmot found to be statistically
significant, p<0.10. In men, LTL change (shortefivwgs associated with greater
cardiovascular mortality OR 3.0, 95%CI:1.1-8.2, 40 In women, baseline LTL was
associated with greater cardiovascular mortalityZo8 95%CI: 1.0-5.3, p<0.05. The
participants were a small atypical sample of whltkerly men and women (restricted to

age 70-79 years) from Boston, USA (all had goochitog and physical functioning).
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Analysis was performed using quantitative PCR atidwing Cawthon’s process with
reliability and validly being described as “high'Gawthon suggests a CoV of 5% This
study used CVD deaths as an outcome which did declAD deaths; however, no details
are provided on the breakdown of CVD deaths or timy were defined (e.g. inclusion of
PAD or heart failure not stated). It is howeverg af the few studies which assess

telomere attrition over time.

Njajou et al®*? also had an equally restrictive age group (70-Z&ry of age). This large
(n=2,721) multi-site population based study asskt¢be association between LTL and
cause-specific mortality as part of the Health ABtdy. Participants were all from the
USA and eligible for Medicare (a national sociadurance program, administered by the
U.S. federal government). Similar to Epsl al, exclusion criteria included deficits in
physical and cognitive functioning. Baseline LTLsuandertaken using gPCR with a high
CoV of 5.8%. Multivariate linear regression was dud® assess the mean terminal
restriction fraction length based on the refereDb& sample. The mean follow up time
was 8.2+2.3 years. Average LTL was marginally strom the 47% who were African
Americans compared with white (4.77+1.3kbp vs 483kbp).

In contrast, Fitzpatriclet al’s®*! USA study (Cardiovascular Health Study cohort (JHS
had only 15% African American participants. Howeuiey were less homogeneous in
nature, had less physical and cognitive exclusiansl a less restrictive age group (65
years and over) than Njajoet al®? In addition, LTL measurement in the CHS, was
undertaken by Southern Blot with a CoV of 1.7%. €awf death was classified
independently by physicians using medical recordb@eath certification data, thus cause
of death was more specific than in Njajetial’s study®*? A “borderline” association
between risk of death due to cardiac causes anteshaTL quartile was found (HR 1.82,
95%CI:0.95-3.4). However, the p value was repodedp=0.07 and there was limited
adjustment for traditional cardiovascular risk &ast Cardiac causes of death included:
congestive heart failure, arrhythmia, cardiovascpl@cedures, or multiple mechanisms.
No statistically significant associations were fddar deaths from congestive heart failure

or arrhythmias.

123



The first population based cohort to be undertakas published in 2003 by Cawthen
al.’?! and was also conducted in USA citizens. Shortecdeyte telomere length was
associated with an increased age-adjusted risk cfandiovascular mortality in a
convenience sample of 143 initially healthy sulgeater the age of 60 years (3.18-fold
higher mortality from heart disease (95CI:1.36-7@80.0079)). This was based on Cox’s
Proportional Hazard regression models for shortedt of telomere distribution after
adjustment for age. No other adjustments were nfiadéraditional cardiovascular risk
factors. This was also the first to use qPCR tosmea LTL (CoV 5.8%Y°° The vast
majority of PCR techniques employed since then weased on (with subsequent
modification) this initial approach. LTL was founa be associated with age with every 1

year of age being associated with a 0.0048 decredke relative T/S ratio.

Population based cohorts have also been undertakeitess restrictive age ranges. One of
the most important studies in this area was unklemtdy Yeet al®** with 1,917 healthy
subjects aged >18 years. In univariate analysiscgzants with shorter telomeres appeared
to have greater risk of incident CAD than thosehwitnger LTL. Nevertheless, after
adjustment for traditional cardiovascular risk astand inflammatory markers, the risk of
new ischaemic events was not linearly associated il (HR 1.25 95%CI:0.82-1.90,
p=0.30 - shortest tertile of LTL compared with tbhegest). Subjects were relatively young
(mean age 41.7(x18.0)-51.8(x18.1) depending onget LTL) and the incidence of CAD
in this group is low, with only 8.56% of particigarpresenting with events (fatal and non-

fatal CHD events) which were assessed using rdimsgiitalisation data.

One of the largest population based cohorts waslumad by Weischeet al®*' in
Copenhagen, Denmark. Randomly invited participantsabered 19,383 with a follow up
of median 17 years assessing incident AMI (n=921) @AD (n=2038). LTL decreased
linearly with age; although, age explained only %d1% of the variation. Per 1000 bp
decrease in LTL with the adjusted HR for AMI and @Avas: 1.10 95%CI:1.01-1.19 and
1.1.06 (1.00-1.11) respectively, suggesting onlylest increases. Follow up was complete
and the 100% interassay coefficient was 2%. Altipgants were white and of Danish
descent and participants diagnosed with an end pene excluded from that particular

analysis.
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Willeit et al3*® included 800 men and women aged 45-84 years @5)1@ the Bruneck
Study (South Tyrol, Italy) of prevention of cardascular and cerebrovascular disease.
Participants were also randomly chosen from thesggmpopulation and were exclusively
white but of heterogenous origin — Italian, Gernaend Austrian background. During the
10 years follow up, 43 participants experiencedddf. Hospitalisation data was used to
assess endpoints. Each 1-SD decrease in-tvgnsformed relative to T/S ratio was
associated with 41% increase risk of AMI (95%CQ02t1.96). Intra-assay CoV of 1.2%

and interassay of 2.4% was reported.

The association between LTL and adverse outcomespualations known to have CAD
were explored in Farzaneh-Fetral,>*® Perez-Riverat al,**’ and Ruffet al®*® Both Ruff

et al. and Perez-Riverat al. used populations who presented with ACS and uf$Ry
While Farzaneh-Far included outpatients with st&b®. The Spanish cohdr{ consisted

of 150 males aged 50-75 years and 53 aged >75 geage and used the same primers for
the qPCR telomere length analysis as Cawttaal ** Cardiovascular prognosis was self-
reported at interviews. In men aged 50-75 yearethas a statistically significant worse
prognosis in patients with shorter LTL (log-rank23, p<0.05). Cox’s analysis was used to
confirm the independence of this relationship: HB6 95%CI:1.03-6.39, p=0.04. Ruff
al.**® followed up 5,057 participants who were enrolledtiie MERLIN-TIMI 36 and
PROVE-IT TIMI 22 ACS trials, for 1.2 years. Aftedjastment for baseline characteristics,
short LTL was strongly associated with a subseqéévit (HR 1.81 95%CI:1.36-2.42,
p<0.001). While Farzaneh-Fat al®>*° in the San Francisco, USA based Heart and Soul
Study also used self-reported outcomes; This stlsly reviewed medical records, death
certification and coroners’ reports. Seven hundred eighty participants were followed up
for a mean time of 4.4 years. Exclusions includesvipus history of AMI in the last 6
months, those who deemed themselves unable toaltkck, or those who were planning
to move out of the area. After adjustment for ciahj inflammatory, and echocardiographic
risk factors, participants in the lowest quartifeLdL remained at significantly increased
risk of death and heart failure admission, butanetibsequent cardiovascular event (which
included MI, stroke or CVD death) Adj HR 1.5 95%9-2.6, p=0.11). The CoV of the
gPCR was reported as 9.5%.
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The only cross-sectional study was undertaken blye@aet al®° and included 170

patients with stable and unstable angina who wefexred for PCI and underwent 3-vessel
virtual histology intravascular ultrasound. ShoitdL was found to be associated with
high-risk plague morphology but not total 3-vesisetden, adding to the evidence that

leucocyte ageing is involved in vulnerable plago@fation.

To examine how shorter LTL might be associated witistable plaques, age- and sex-
matched healthy controls were also used as an s@terf the cross-sectional study.
However, no further information is provided on gntrols. LTL was significantly shorter
in CAD patients vs controls ~0.45kb, p<0.01. gPCRswused to measure LTL and
compared to a reference DNA of known telomere lernigly Southern Blot). This is a
highly selective patient group and exclusion cidtencluded: previous PCI, unsuitability
for virtual histology intravascular ultrasound, igetinflammation, and any form of surgery
3 months before the procedure.

Two of the cohort studies were focused on patiitis hypertension. Fyhrquist al>®°
measured LTL in 1271 subjects (aged 55-80 yeard) ypertension and left ventricular
hypertrophy participating in the Lifestyle Intertems and Independence For Elders
(LIFE) study. This was a post hoc analysis of pgréints who were in a randomised
double blind controlled trial which was set up twmpare different medical treatments.
Southern Blot (CoV reported as 3.70%) was used éasure LTL at recruitment. At
baseline, short mean LTL was associated with CAihales (OR 0.61 95%CI:0.39-0.95)
but not in females. During the 4 year follow upyelepment of angina, but not AMI, was
associated with short mean telomere length. Anghgmsive medication given in the trial
(adjustments were only made for age and sex althaliferences in LTL were noted
between the treatment arms noted between LTL aadnbent ). Lack of controls and the

post hoc nature of the study may have influenced#seline mean LTL.

Hypertensive patients in a study of 767 30-80 y#ds>*’ were found to have 7 shorter
LTL than healthy controls (0.57 vs 0.67, p<0.00&Exclusion criteria were history of
alcohol abuse, diabetes, secondary hypertensiomemal disease. After 5 years follow up
of 411 subjects, those with shorter LTL wre at leighisk of developing CAD than
individuals with longer LTL (OR 3.315 95%CI:1.662669, p<0.001). Multivariate
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analysis showed that LTL and hypertension werepaddent risk factors for developing
CAD (adjusted for age and gender OR 6.413, p=0.008) measurement was undertaken
using gPCR with a CoV of 6.8%. Follow up drop oattipants were similar interms of

age, gender, and conventional risk factors.

In 2013, Carlquistet al®** presented a poster on the association between arid.
cardiovascular outcomes in 3,569 patients attenfbngoronary angiography at a singe
centre in Utah, USA. LTL was measured using mudtipgPCR with patient information
being extracted from electronic records and suhstaus being verified by the National
Death Index. Some 63.2% of patients had CAD onrampangiography nd the mean age
was 62.9 years; 91.3% were white and 63.8% were.nhdIL was found to be correlated
with age (r=-0.244, p<0.001). After adjustment faeverity of CAD; traditional
cardiovascular risk factors; and heart medicatiea, LTL was associated with risk of
death but not AMI during follow up (median 9.2 y®arl.onger LTL was associated with a
decreased risk of CAD (OR=0.54, p<0.0001) but ffietr @djustment.

2.4.3. Conclusion

In 2003, Cawthoret al*?* first reported that shorter LTL was associatechwin increase

in age-adjusted risk for cardiovascular mortalityai population based sample. Since then
there have been a number of studies which havetegpdiscordant findings, with some
studies reporting a weak or non existant assoaidteween LTL and CAD in population
based cohorts. Others have reported a modest assncMany of the studies have notable
limitations such as restricting enrolment to theyvelderly, leading to possible survival
bias; the inclusion of participants with previous/[@; and limited adjustment for
traditional cardiovascular risk factors. Furtheuds¢s are needed to explore the link
between LTL, and CAD and its subsequent adverseomgs. These should include
longitudinal studies which can provide evidenced@ausal association and whether or not
LTL could be used to predict adverse outcomes itieps with CAD. Comparison
between the different methods of measuring LTLifScdlt; therefore, consensus on the
most appropriate way of analysing LTL would be ukéklternatively, the development of

a statistical method which produces a common sualéd be explored. As there is still
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debate as to whether LTL reflects telomere lengtlarierial endothelial cells, additional

studies in this area are warranted.

This literature review could be described as “nesy&tematic revie?’ because it was
undertaken following the PRISMA guidelines for sgng and synthesising the literature
on LTL and CAD. In addition, it was undertaken tbemtify, critically appraise, and
synthesise the existing literature relating to Land CAD. This is to provide background
and a basis for comparison of results for the Igiclal ageing in CAD study in Chapter
4.4. In addition, a near systematic review does inolude 2 independent reviewers
assessing the studies against the inclusion/exclusiteria or independently reviewing the
guality of the studies using a formal checklist.eildfore, a meta-analysis has not been

undertaken at this stage. However, this is a patieartea for future research.
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3. METHODS

3.1. Secondary data analysis

CAD remains the most commonly reported limitingdstanding illness and accounts for
around a quarter of deaths in men and women. Mibybathd mortality from CAD are
strongly associated with chronological age. A sdeoy data analysis was undertaken to
examine whether elderly patients undergo coronagyography at a more advanced stage
of disease, whether they are less likely to prodeedvascularisation if CAD is confirmed
and whether any inequalities in management appesified by a high risk of peri-

procedural complications in elderly patients.

3.1.1. Data sources and study population

3.1.1.1 Scottish Coronary Revscularisation RegiS&RR)

Since 1997, the Scottish Coronary Revascularisati®agister (http://www.scs-
online.org.uk/cardreg.php) has routinely colleatethiled information prospectively on all
coronary angiographies, PCls, and CABGs perfornredscottish hospitals. Data are
entered prospectively by a combination of cliniaatl administrative staff according to a
predefined set of standardised data definitiond, @ntrally collated to form the Scottish
Coronary Revascularisation Register. The datalsaaenually validated for completeness
and consistency. Information collected includesndgraphy (including age, gender, and
deprivation); camorbidity (e.g. previous history of MI, stroke, ohic lung disease,
diabetes, and hypertension); clinical presentafjery. indication for PCI, procedural
priority); CAD severity (using CCS); procedural aiét (type of lesion, length of lesion,
diameter of treated vessel, type of stent) andosphal/in-catheter lab complications. In

Scotland, relatively few angiographies or revastasédion procedures are performed in the
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private sector. Therefore, the analysis was résttito the publiclyfunded NHS hospitals
that performed angiographies or coronary revasisaliéon procedures during the period of
study.

Consecutive patients who underwent diagnostic @msoangiography in Scotland between
April 2001 and March 2010, and PCI between 1998 28@8 were included in the

secondary data analysis. These were the most rdeg¢aibase downloads available from
the SCRR system, prior to it being decommissiori@gdcommissioning of the SCRR

system was undertaken in stages (related to fuphdamgl the coronary angiography
database was the last to return from ISD with lkihkkellow up. This resulted in more

recent data being available for the coronary angpgy analyses, compared with PCI.
Informed consent to collate and use data for aadd research purposes is routinely
obtained from patients prior to angiography or oamy revascularisation. Both studies
were approved by the Scottish Coronary Revascalais Registry Steering Committee
and the NHS Privacy Advisory Committee. All patiemd operator data were stripped of
unique identifiers prior to analysis.

3.1.1.2 Scottish Morbidity Record (SMRO01)

The Scottish Morbidity Record (SMRO01) collects imf@mtion on all discharges (and
therefore admissions) to acute hospitals in Scdflancluding disease and procedure
codes (http://www.datadictionaryadmin.scot.nhssddid/9065.html). SMRO1 has
episode-based patient records that relate to ateaopatient and day cases. Every record
in SMRO1 data reflects one episode of care. An SMR®ord is generated every time a
patient completes an episode of inpatient or dase azare. Completion of an episode
includes: discharge home; transfer to another dtargun either; the same or a different
hospital; a change of specialty under either timesar a different consultant; or death. The
data that are collected to describe each episalieda clinical (diagnoses and procedures)
and non-clinical (demographic information, episat@nagement details) information.
Details of diagnoses on discharge are recordeda bynician, in the patient’s medical

notes. These are then translated into codes usiegl@D-10, Office of Population
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Censuses and Surveys’ Classification of Surgicagr@gons version-4 (OPCS-4) codes,

and National Interim Clinical Imaging Procedure €sd

3.1.1.3 General Register Office for Scotland (GROS)

The GROS collates death certificate data acros$la®eh including cause of death.
Diseases are recorded using the International iGitaden of Diseases (ICD) and
procedures using the Operating Procedure Codes $PHC has since merged with
the National Archives of Scotland to become theidwal Records of Scotland (NRS).
Any death which occurs in Scotland must be regstavithin eight days of the date of

death by the Registrar of Births, Deaths and Mgesa

The SCRR is linked annually to the SMRO1 and deattificate data at an individual
level, providing information on fatal and non-fatalvents that occur following
discharge. The last linkage, available via the SC&Rtem prior to it being
decommissioned, provided follow-up events up tdviitch 2007 for the PCI data, and

31st March 2011 for the diagnostic angiography datdusive.
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3.1.2. Definitions

Elderly was defined ag75 years of age, and the younger group as <75 ydaage.
Angina severity was graded using the CCSsilaation: (from O (no symptoms) to 4
(most severe). CAD was defined in the registerragagraphic evidence of significant
stenosis X70% diameter stenosis of at least one major epalaedtery segment or
>50% diameter stenosis in the left main coronargrgjt MVD was defined as significant
stenoses in two or more coronary arteries. MVD hwieft main stem (LMS)
involvement was allocated to a separate categouyrent smoking was defined in the
registry as regular smoking of one or more cigaseper day in the month preceding
coronary angiography. Obesity was definedaapody mass index (BMI) >30. The

Scottish Index of Multiple Deprivation

(SIMD; www.scotland.gov.ul opics/Statistics/SIMD) was used to measure

socioeconomic status. This ranks data zonesresidence (mean population of
750) to produce deprivation quintiles for the g@ah population. These were applied to
the study cohort using their postcode of msoe. Diabetes included both type
1 and type 2. Hypertension was defined as aolgysblood pressure>140mmHg,
diastolic blood pressure90mmHg or use of anti-hypertensive therapy. Exanali@ac
arteriopathy included peripheral artery diseapegvious stroke, recurrent transient
ischaemic attacks and carotid stenosi®%. Impaired renal function was defined
as serum creatinine >200mmol/l or use of renalamgment therapy. Impaired left
ventricular function was defined as an ejectidraction of <50%. Multiple co-

morbidity was defined as the presence of two orenadrthese conditions.

Follow on PCI were procedures which were undertakenediately (with the patient still
on the catheterization table) following diagnostimronary angiography, rather than a
staged procedure performed during a different eassithese are also known ad hoc
PClIs. Any revascularization within 30 days includetlow on PCI. Isolated coronary
angiography was defined as an angiogram that wasgsociated with follow-on PCI.

Data for outcomes are presented by diagnostic esyoangiography, follow-on PCI, and
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any revacularisation within 30 days, given the @ased risks associated with
revascularisation$In addition, data are broken down by presencessandrity of CAD

(SVD, MVD, LMS) because this influences how patieate subsequently managed.

Peri-procedural complications were defined as advavents (including: death; abrupt
closure of a coronary artery; anaphylaxis; cargnartery perforation or dissection;
cardiac arrhythmias; cardiopulmonary drresdleeding; and peripheral vessel
haematoma) that occurred during or following thecpdure, but prior to leaving the
catheter laboratory. Thirty-day outcomes were defiras events that occurred during
the procedure or up to 30 days follow-up, and idetl events that occurred both in
hospital and post discharge. The binary outcomedied were: PCIl; CABG; coronary

revascularisation (PCl or CABG); all cause deattalfnon-fatal AMI, fatal/non-fatal

cerebrovascular event (stroke or transient ischa@attack) and a composite outcomes of
major adverse cardiovascular event (MACE) compgisiieath, AMI or cerebrovascular

event.

The coverage of troponin measurement varied byitadsgnd over time; therefore peri-
procedural AMI was defined as electrocardipgia evidence of a Q wave AMI
rather than including those with the more receffind®n of ACS: STEMI, NSTEMI or
unstable angina.

3.1.3. Statistical analyses

All statistical analyses were undertaken using SAAT. Baseline characteristics were

compared between elderly and younger patients uBlegrson’s Chi-Squared tes(t%
tests for binary variables; independent t testsctortinuous variables; and Cuzick'’s

non-parametric test for trend for ordinal d&ta.

Thirty-day outcomes were compared using univariabtel multivariable binary
logistic regression models, and longer-term outmsing Cox’s proportion
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regression hazard mod®f. Logistic regression was used as the outcomestefeist
were binary in nature e.g. death/no death. Logiggression models the relationship
between a dependent and one or more independeablesr and allows us to look at
the fit of the model as well as at the significanmfethe relationships (between
dependent and independent variables). The goodifesBt of the models was
assessed using Hosmer and Lemeshow's®tesiplied to 8, 10 and 12 groups of
observed and predicted binary outcomes. Logistgression, being based on the
probability of an event occurring, allows us toctééte odds ratios (OR). OR is defined
as the odds that an outcome will occur in one gragmpared to the odds of the
outcome occurring in another. Where odds is thie @& the probability of an event

occurring to the probability that it does not.

Cox proportional regression hazard model was usedietermine the unadjusted and
adjusted hazard ratio (HR) for elderly versus yairngatients, with the younger patient
group forming the referent population. HR is a niea®f how often a particular event
happens in one group compared to how often it hagppeanother group, over time. It
assumes that hazard ratio is constant over time. prbportional hazard assumption
was tested using a residual based inference méthdHe assumptions of the test were

met for all models presented in the results sect@ivapter 4.1).

The multivariable models provided a method for ating for the potential

confounding effects of sex, smoking statumbetes, hypertension, extra- cardiac
vascular disease, renal impairment, impaired le#ntrcular function, disease
severity, SIMD deprivation quintile, urgency of tipeocedure, access site, year of

procedure and hospital.

An interaction term between year of procedure agelgroup was introduced, in
order to determine whether the association betvagengroup and outcome changed
over time after adjusting for the potent@nfounding factors listed above.
This was thought to be a possible likely interactiiven the advances in coronary

angiography and PCI over the time period.
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In addition, the MACCE and revascularisation outesrfollowing coronary
angiography analyses were re-run using imputechibes with missing data and

using multiple imputation by chained equations. €hained equations used the same
variables as the full models and included outcoaréables. Five imputed datasets
were created using the ICE package in STATAMultiple imputation is a statistical
technique which has been used for missing datbsemwational studies using
secondary dati® However, as it assumes that the data is missimgpraly and
normally distributed, this technique is less usefith missing binary variables such
as diabetes status. In addition, it been considessduseful with large datasets where

power is often not an issg&

Multiple imputation was used to explore the effemftsnissing data in the coronary
angiography outcomes study, as missing values higreer in this dataset. Most
common variables with missing data were BMI (44.68betes status (23.6%) and
left ventricular dysfunction (25.4%). Goodnessibfifas assessed using a plot of
observed versus expected values as well as Hoseraeshow tests. Where the tests
showed that the models were an adequate fit fod#te, the multiple logistic
regressions were re-run. However, using the impdegdset resulted in little change
in the association between age group and MACE@s&ularisation outcomes.

Therefore, multiple regression models are presentddcomplete cases.

General population age-group specific rateseveaiculated using the 2006  mid-
census population estimates from General RegistarScotland. This was used
because the study used PCI data from 2000 — 20d0siuwe. This estimate can be
applied to all the years and was more likely totheflect the breakdown of the

population than the 2001 census.

135



3.2. Methods for Revascularisation and Quality of
Life (ReQol)

3.2.1. Aims and objectives

As discussed, PCl is generally undertaken in eldeatients to alleviate the signs and symptoms
of CAD. The systematic review of the literature, @mapter 2.3, suggested that QoL in older
patients improves at least as much as youngernpatssd they may gain more in the areas of
physical functioning and improved angina statuse Banefits appear to be greatest in the first 6
months and may continue until at least 3 years. éd@n only a small number of studies were
included in the systematic review (11 studies wvathotal of 700 octogenarians). Therefore,

assessing the benefits of PCIl on QoL for elderhepés is an important area for further study.

In addition to undertaking secondary data analysisnvestigate the risk of peri-procedural
complications and MACCE outcomes in elderly pase@oL improvements following PCI were

also assessed as part of this thesis as the RaQah. s
The main objectives were:

* To assess the baseline QoL in patients undertak@igising generic and disease specific
tools;

* To assess QoL at 3 months post PCI using geneatlidiaease specific tools;

» To compare differences between baseline and 3 re@wh

» To compare differences and changes in QoL betwielenly and younger patients

» To assess the impact of frailty on outcomes.

» To use routine hospital data to assess baselimaatkastics (such as demographics,

comorbidity etc.) and severity of CAD
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3.2.2. Participants

Patients undergoing non-emergency PCI for CAD weruited from the West of Scotland
Regional Heart and Lung Centre at the Golden Jeiblational Hospital (GIJNH). The GJNH is
one of the largest regional centres undertakingsCthe West of Scotland; with around 5,000
diagnostic angiograms and 2,000 PCls undertakeam@arm. The majority of patients attend as
day cases (68%) rather than inpatients, with so8@bo] being undertaken using the radial
approach rather than via the femoral or brachiérar This allows many patients to be

discharged as “rapid discharge” (~ 4 hours) follmyvihe modified Amsterdam criteria’

The study group comprised consecutive patientiditig for non-emergency PCIl with CAD

who did not have the following exclusion criteria:

* Emergency admission
» Attending for investigation/management following 8C
* Unable to read/write in English (as QoL questioremivere validated in English)

* Unwilling or unable to provide informed consent

Potential participants were identified through @#NH procedure list. The Cardiac Research
Nurses approached potential participants afterimeuadmission to the unit to discuss
potential involvement in the study. They were pdad with participant information leaflets
and given sufficient time to consider their invatvent. Following written, informed consent
participants undertook a baseline questionnairthénunit with face-to-face support by the
cardiac research nurses. The 3-month questionnares sent to the participant’s contact
address using a pre-paid reply envelope. Partitspaare sent reminders 1 month following

a non-returned questionnaire.
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3.2.3. Ethical considerations

Ethical approval for this study was granted from West of Scotland Ethics Committee (REC 2)
and was supported by the GINH Research and Develdpgiapartment (see Appendix 7.1).

Ethical considerations for patients were carefatiypsidered and these included:

» Taking part in this study had no impact on clinicate as it involved self-reported QoL
guestionnaires;

» The research involved NHS patients and includedidimation of questionnaires;

» Participation in this research did include an adddl burden for patients as completion
of the questionnaires took between 20 and 30 nsnute

» Sensitive questions — no sensitive questions wetaded in the QoL questionnaire;

» Confidentiality — The top sheet of the questionmanvhich included the participant
contact details, was detached and stored separdtel;m the questionnaires.
Questionnaires contained only the study number (anather identifiable data) which
was not available to the researcher. Contact detere exclusively used for follow-up
and only an experienced and professionally qudlidministrator had access to them.
All data was kept separately and password protemtddniversity of Glasgow computers
in the Department of Public Health.

* Informed consent — Information about studies beindertaken at the GJNH are provided
in the pre-admission information provided by theN8&J It routinely states that: “As a
regional centre for the West of Scotland in thattreent of heart disease, the Golden
Jubilee Hospital participates in a number of redeatudies’ and “During your stay, you

may be approached by a member of the Cardiologgareb team and invited to take part
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in such a study. Participation in research is elgtivoluntary and will not affect the
standard of care you receive”. The cardiology reseanurses provided potential
participants with a participant information leaf(see Appendix 7.2) and sufficient time
to decide whether or not to take part in the studfprmed consent was gained using a

consent form (see Appendix 7.3).

3.2.4. Power calculation

Setoet al?®'assessed QoL in 1445 patients following PCI usifgg6 and SAQ. They compared
QoL at baseline, 6 months and at 1 year betweelgl@>70 years of age) and non-elderly (<70
years of age). The demonstrated that elderly patiesd an increase of 8.6 points in the median
SF-36 physical functioning score compared with & Jificrease in non-elderly. If we wish to
demonstrate a statistically significant differeratethe 5% level and achieve a power of 95%,

with a conservative difference of only median & fioints, we need at least 360 in each group.

Initially, age groups were defined as eldety'§ years of age) and non-elderly (<75 years of
age) to be consistent with the secondary data sisaly Chapter 4.2. However, following slow
recruitment, a revised sample size calculation wadertaken based on the analysis of the first
100 patrticipants, revised age groups (elderly & years of age and non-elderly as <70 years of
age), and a power of 90%. This suggested 252 in gamip should be sufficient to demonstrate

statistical significance.

3.2.5. Questionnaire

Following informed written consent, all eligible t@mts attending for non—-emergency
revascularisation procedures are asked to complefeestionnaire on admission to the GIJNH

(see Appendix 7.4). The questionnaire included:
Two generic QoL instruments:

EQ-5D: This is a widely used simple and validated genesitument to measure QoL in

a standard way. This instrument is used in a wadege of conditions, treatments and
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interventions. It is also used extensively in Healtonomics to derive a quality adjusted
life year (QALY). The EQ-5D descriptive system cisiss of five dimensions (mobility,
self-care, usual activities, pain/discomfort, atyW@epression) with three levels each (no
problem, some problems, extreme problems), thumidgf 243 distinct health states.
Low scores on the 5 items of EQ-5D reflect a faabler assessment of each component.
Responses were used to derive the single index \esed on the algorithm provided by
EuroQoL. This single index represents the overadlth status by applying preference
weights to participant responses. The index-basetkss typically interpreted along a
scale where 1 represents best possible health aeg@gr8sents dead, with some health
states being valued as worse than dead (<0). Iliti@idEQ-5D contains a visual
analogue scale (VAS). The endpoints of the VAS labelled ‘best imaginable health
state’ and ‘worst imaginable health state’, at 0@ O, respectively. Respondents were
asked to indicate how they rated their health laywiing a line from an anchor box to the
point on the VAS which best represented their owalth that day. Permission to use the
EQ-5D was obtained from EuroQol(www.euroqol.orghisTwidely used QoL tool was
chosen because it is simple for researchers torashen, score and interpret. It also
imposes minimal burden on participants, as itlsief, simple measure to understand and
to complete (with resultant high completion ratesaddition, the generation of the utility

index based health status are useful for bothoalmutcomes and economic evaluation.

SF-12:This is a commonly used health status questioarsaid is a shortened version of
the SF-36. It appears to be more sensitive toréifiees in health status for people with
less morbidity. Like the SF-36, summary scorespfoysical and mental health status can
be derived from the SF-12, referred to as the hys<Lomponent Summary (PCS-12)
and the Mental Component Summary (MCS-12), respagtiThe summary scores of the
SF-12 have also been shown to closely represersitimenary scores of the SF-¥8The
PCS-12 and MCS-12 scores have also been found teirhelly identical to the
equivalent SF-36 summary scores in indicating #nell of health and are equally
sensitive to changes in health status among patigth various conditiond?ermission

to wuse the SE2, was obtained from QualityMetric Incorporated

(www.qualitymetric.coh  This is the most commonly used generic QoL ttmi
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assessing QoL following PCI in both young and dldpatients (see Chapter 2.3). This
was chosen, rather than other instruments thathareght to be more appropriate to use
in older people, because the questionnaire willubed for both elderly and younger
patients. In addition, it allows multiple compamsao be made with existing literature on

QoL outcomes following PCI.

MacNew: Disease specific QoL was assessed using the Maddmlh-related QoL
guestionnaire. It was designed to assess how Hisadse affects daily physical activities
and emotional and social functioning. It has beately used and validated in cardiology
patients with AMI, angina and heart failure at tmee of designing the ReQoL study. It
was chosen primarily because it had not been edilfer assessing QoL following PCI in
the UK. However, it has been used to assess Qaawinlg PCI outwith the UK e.g.
Sipotz et al®? It contains 27 items (questions), the responsesvhizh, map to 3
domains: physical limitations, emotional functiand social functioning. Global QoL
score and individual domain subscale scores caraloellated. Scores are from 1 (low
QoL) to 7 (high QoL). In addition, MacNew has artabfished the minimal important
difference (MID) of>0.5. Permission to use the MacNew questionnaire aidgined

from MacNew (www.macnew.ojg

Frailty questions were devised based on Rockwodéd&vels of progressive impairment in the

Rockwood frailty indexX®” This is a brief clinical instrument that was onigily developed to

target patients in hospital, who may be eligibledpecialised geriatric intervention. However, it

has subsequently been used in community dwellisgleats who self-report deficits. The 4

Rockwood levels are:

(0) Those who walk without help, perform basic actestof daily living (eating,
dressing, bathing, bed transfers), are continebbufel and bladder, and are not
cognitively impaired
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(1) bladder incontinence only

(2) one (two if incontinent) or more of needing assistawith mobility or activities
of daily living, has cognitive impairment with nemhentia, or has bowel or
bladder incontinence

(3) two (three if incontinent) or more of totally deyent for transfers or one or
more activities of daily life, incontinent of bowahd bladder, and diagnosis of

dementia

This was used rather than the Fried Frailty Indegaoise it does not include variables which
require an independent physical assessment epgstgength and walk test. There were a number
of reasons for excluding physical assessmentsisnstindy, including: these assessments were
not part of routine admission to day care (woulguiee additional assessment); difficulties for
patients who may wish to complete the questionrfaitewing their PCI (dominant hand may
well be used to gain radial artery access) andaroisaaised by clinicians that the walk test may

not be appropriate to assess a patient attendirfgGb(potential to produce angina sysmptoms).
Therefore, the self-reported questions includeitiénstudy questionnaire were
1. During the past 2 weeks, how much of the timleydu:

Have difficulty reasoning and solving problems, fexample: making plans,

making decisions, learning new things?

All of the time/ A good bit of the time/ Some eftilme/ A little of the time/ None
of the time

Forget, for example things that happened recemthere you put things, your

appointments?
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All of the time/ A good bit of the time/ Some eftilme/ A little of the time/ None

of the time
Have difficulty doing activities involving conceation and thinking?

All of the time/ A good bit of the time/ Some eftilme/ A little of the time/ None

of the time
2. Have you ever been diagnosed with dememes/No/Don’t Know
3. How would you describe your current living agaments?

Living alone, living with partner or spouse, livingth family, living in a nursing home,

living in supported accommodation?

4. When you need help with tasks, can you courgameone who is willing and able to
meet your demands2es/No/Don’t Know

5. Have you fallen in the last 3 months? Yes/No/Dnow

6. Do you have a problem with losing control ofngrior your bowel when you don’t
want to?Yes/No/Don’t Know

7. Have you recently lost weight such that yourthiltg has become looser?
Yes/No/Don’t Know

8. At times do you forget to take your prescripti®ry es/No/Don’t Know

Questionnaire administration was facilitated bya?d@c research nurses in the Golden Jubilee
National Hospital. Facilitation included identifgreligible participants, explaining the study,
gaining informed consent, giving out questionnairesd assisting in completing the
guestionnaires (from answering questions abouttmepleting the questionnaire to completing
the questionnaire for participants unable to coteplethemselves due to issues like iv access or
radial catheter on dominant hand). Further questioes were posted to patients at 3 months

with a pre-paid addressed return envelope foramtipletion.
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3.2.6. Statistical analysis

Descriptive analysis included frequencies, meansgiams, Pearson’s Chi-Squared te&st
tests or Mann-Whitney for non-parametric valuesrdeattests or Willcoxon signed rank tests
were used to compare before and after QoL scoreboth groups. The Spearman rank
correlation coefficients of the QoL score were aldted. The association between MacNew total
scores and the EQ-5D index score, and the MacNestienal and physical scores and the MCS
and the PCS respectively, were assessed using nd@ar correlation by constructing a
correlation matrix of the QoL questionnaire. Intdrconsistency reliability of the scales was
assessed by calculating Cronbach’s alpha coefficigimg Nunnally’s criterion of 0.7 or greater
to indicate good internal consisteri€y. Test re-test reliability was not assessed as the
guestionnaire was completed before and after RCintarvention designed to have an effect on
QoL. Multivariate linear regression was used toesssthe differences in change of QoL
following PCI between elderly and younger patiegiter adjusting for baseline characteristics.
For this, the absolute change in QoL following R@s used (QoL at 3 months — QoL at
baseline). An alternative is to use the percentd@age from baseline as a measure of relative
change in QoL. While this method takes account & baseline score and can increase
comparability across subjects, it normalises the,dahich may alter its distribution and may

introduce additional complexity to the analy¥i3.

Multivariate models were developed with and withaie inclusion of baseline QoL
measurements as debate exists in the literature waich is the most appropriate approdth.
Models, which include baseline scores, take accoltite variation in 3 months scores that arise
from the variation in baseline scores. In additioaseline QoL score is a potential confounder as
it is associated with both age and changes in @lowever there are concerns that this method
may introduce regression-to-the mean bias if basefunction is measured with errt.
Adjusting for baseline QoL score is the most commaethod used in the literatute?®:2%%
Interactions were explored and goodness of fit oflels were assessed using the likelihood ratio
test. A p-value of <0.05 was considered statidticagnificant.
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3.3. Methods for Biological Ageing

CAD is associated with both chronological and bydal ageing processes. However,
conflicting evidence exists as to whether LTL isagpropriate marker of biological ageing in
CAD.

3.3.1. Participants

Participants were recruited from consecutive p&iettending the West of Scotland Regional
Heart and Lung Centre at the GJNH for non-emergeoncynary angiography between October
2011 and August 2012.

Inclusion criteria were: patients attending elesljv(as in-patients or day cases) for coronary

angiography.

As ACS is associated with an acute inflammatorypeese, which could have an effect on
measurement of biomarkers and inflammatory marlgasents were excluded if they were <48
hours following an acute ACS event. Additional ewtbn criteria included: patients who were
unwilling or unable to provide informed consent atidose with insufficient English

comprehension to complete the consent form.

Potential participants were approached by thevetgronal cardiologist to answer any questions
regarding the study and to complete the consem;fthris was undertaken at the same time as
routinely consenting the patient for the coronargiagram. Participant information was collated
and transferred to the Western Infirmary and via ltlespital postal system. Manual collection
from the Western Infirmary to the University of G¢pw Public Health Department was
undertaken on a weekly basis. Participant detadleevimputed into an access database held on

the University of Glasgow secured server by an B&peed professional administrator.

Baseline participant characteristics were retriebgddata linkage with the Cardiac, cardiology
and Thoracic Health Information system (CaTHI). &©hbkage was deterministic in nature. A

deterministic data linkage requires a high qudiiymal identifier common to both datasets to
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exactly match between the datasets. In this study Was used as the unique identifier. In
addition, date of procedure allowed collection offormation for the correct coronary
angiography event (given that participants may haudtiple entries). Where deterministic
linkage was unable to match for CHI; manual casen®search was undertaken by the cardiac
research nurses (n=3). CaTHI provides clinical nmfation for all cardiac surgery, cardiology,
and thoracic specialties. It captures data througlioe full patient journey from assessments,
surgical procedures to discharges, and follow-Uipgs used for administrative processes and
assists with the monitoring of clinical performancevaiting times, and facilitates

research. CaTHI collects data similar to the SCRR.

Data are entered prospectively by a combinatiodioical and administrative staff according to
a predefined set of standardised data definitiomfermation collected includes: demography
(including age, gender, and deprivation); comotpidie.g. previous history of MI, stroke,

chronic lung disease, diabetes, and hypertensahinjcal presentation (e.g. indication for PCI,

procedural priority); CAD severity (using CCS).

3.3.2. Definitions

Baseline definitions were the same as those wBIBRR (see Chapter 3.1.2).

Severity of CAD was assessed in 2 different wayse first was similar to SCRR where CAD
was defined as angiographic evidence of significstenosis X70% diameter stenosis of at
least one major epicardial artery segment®0% diameter stenosis in the left main coronary
artery). MVD was defined as significant stenosesania or more coronary arteries. MVD with

left main stem (LMS) involvement was allocated teeparate category.

The second used the SYNTAX scdféTwo independent interventional cardiologists ree
and coded the angiographies using the SYNTAX sgosiystem. They were both blinded to the
study outcomes.

In addition, if a follow on PCI was undertaken th@ocedural details (type of lesion, length of
lesion, diameter of treated vessel, type of star@)also recorded in the CaTHI system.
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3.3.3. Power calculation

Aviv et al®?

used data from the UK Twins Study to study sangte and power issues with

regard to telomere attrition rates. Their studyvies sample sizes for research into ageing
involving telomere attrition. Their results suggéisat for patients in the age-group of those
undergoing coronary angiography, if we wish to destate as statistically significant at the 5%
level and achieve 95% power, with a conservatifierdince of only 10 base pairs per annum we
require at least 525 patients in each group. Apgly 25% margin of error produces a figure of
656 in each group. From the Scottish Coronary Rmwagsation Register we know that ~40%

of patients undergoing elective diagnostic cororemgiography will be found to have normal

coronary arteries. Therefore, we planned to red8@2 patients prior to catheterisation with a
view to analysing the blood samples of 656 withnmalrcoronary arteries and the first 656 of the
1,531 with CAD. From the register, we knew thatr¢hare 5392 coronary angiograms performed
per annum at the Golden Jubilee National Hospgaine 2476 are recorded as being “elective”
and therefore would be eligible for recruitmentv@yi that the inclusion criteria for this study

includes >48hrs post ACS - this is a conservadisemate as these aren’t usually defined or
coded as “elective”). Therefore, assuming a recreitt rate of 88%, we estimated that it would

take around one year to recruit the required nurabparticipants.

However, recruitment reached the appropriate peedwbhed sample size by 11 months.

3.3.4. Telomere length determination

Participant blood was drawn by the interventioreatd®logist, after artery sheath insertion
and before administration of any drugs e.g. hep&iB0 ml syringe was used, which was
handed to the assisting catheterisation laboratoinge. From this syringe, 4 vacutainer
tubes were filled (to allow for analysis of DNA (EBR), plasma, RNA, and serum) and
mixed well by inverting the samples 10 times. Sasphere labeled using patients CHI

sticky labels and transferred to a dedicated rebkefiirdge. On a twice-daily basis, the
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cardiology research nurses checked the particigantli samples for labeling accuracy and
centrifuged the serum and plasma samples prioraosferring them to a dedicated
research -20freezer. All samples were transferred from the GdNkhe Shiels lab on a

weekly basis in specialized containers to mainsample temperatures. The EDTA tube

containing 5mls of blood was used for the LTL asay

Laboratory analysis of telomere length was underiaky Shiels lab based in the
University of Glasgow department at the NHS Westafmmary. The lab was blinded to
the outcomes of participants for analysis and @gg and sex was provided post analysis

for validation purposes.

DNA was extracted from peripheral blood leucocytesng the Maxwell automated
purified system (Promega, WI, USA). Telomere lengdétermination was performed
blindly using a Roche Light Cycler LC480 (Roche d@nastics, Indianapolis, Indiana,
USA) by gPCR. Analyses were undertaken in tripbciir each sample, using a single-
copy gene amplicon primer set (acidic ribosomalgphoprotein, 36B4) and a telomere-
specific amplicon primer set. A standard devia{i8®) of 0.15 of the threshold cycle (Ct)
for sample replicates was used as a cut-off forlityu@ontrol parameters for the
amplifications. The Ct is the intersection betwean amplification curve and an
amplification threshold line. Its value indicatée tfractional PCR cycle number for which
the fluorescence is greater than the threshold p&smvere reanalysed at a SD above 0.15.
The average SD across plates was 0.05. When tedoaner control gene assays resulted in
similar amplification efficiencies, relative teloneelength was estimated from Ct scores
using the comparative Ct method. This method detestnthe ratio of telomere repeat
copy number to single copy gene number (T/S) natiexperimental samples relative to a
control sample DNA. The normalized T/S ratio wagdisas the estimate of relative
telomere length (Relative T/S). The interassayatam was tested by comparing relative
T/S ratios across assays for the positive continlevery assay plate. The average inter-
assay CoV was 0.51% for telomere length and 0.18%36B4. The average of triplicates
was used for further analysis. This has shown tarbeffective measure of the average

telomere length. For a copy of the full laboratprgtocol see Appendix 7.5.
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3.3.5. Statistical analysis

Using the Categorical baseline data displayed ibleral6 were analysed using the

Pearson’s;g2 test or Fisher's exact test where any cell had xge&ed count of <1 or
>20% of cells <5. Those with and without CAD weralysed using t-tests for independent
samples assuming unequal variance. Comparisonseéetywatients with one-, two- and
three-vessel disease were made using one-way @nalysariance (ANOVA). Adjusted
mean differences in T/S ratio were calculated usmgtiple linear regression models.
Models were constructed and interactions explosagudependent variables e.g. age, sex,
current smoking status, deprivation, comorbiditiaagina severity, obesity, andfamily
history. The data were inspected visually; with #ssumption of parallel lines for the
relationship between the dependent variables anariedes. Thus the values quoted are the
coefficients for the difference between those vatid without CAD after adjustment for
age, sex, smoking status, and level of depriva#dhcontinuous results are expressed as
mean (standard deviation) unless otherwise st&@tatistical significance was accepted
when P <0-05.

3.3.6. Ethical considerations

Ethical approval for this study was granted frore iWest of Scotland Ethics Committee
(REC 5) and was supported by the GINH ResearchDewvélopment department (see
Appendix 7.6).

Ethical considerations for patients were carefatpsidered and these included:

» Taking part in this study had no impact on clinicate as it involved taking 20mls of
blood through the artery access sheath which isl useitinely for coronary
angiography.

* The research involved NHS patients and includethg¢g& blood sample
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Participation in this research did not include ddiaonal burden for patients as blood
was drawn at the same time as artery access; therefo additional needles were
required.

Confidentiality — A top sheet containing participaetails (hame, date of birth, date
of procedure, and CHI number) was sent directlsheoUniversity of Glasgow Public
Health Department via the NHS internal mail syst@md collected in person on a
weekly basis. This information was entered into @rbsoft Access database by a
qualified professional administrator. This allowezbntinuous monitoring of
recruitment levels. It also provided the informati@quired for data linkage to both
the Shiels lab data and the CaTHI system. The Acckegabase was password
protected on University of Glasgow computers angt lsecure in the department of
Public Health. Following linkage, CHI and partiappanames were removed prior to
statistical analysis using STATA.

Informed consent — Information studies being urade at the GIJNH are provided in
the pre-admission information provided by the GJMHoutinely states that: “As a
regional centre for the West of Scotland in thattreent of heart disease, the Golden
Jubilee Hospital participates in a number of redeatudies™ The interventional
cardiologist who was undertaking the coronary aggiphy explained the study and
gained written consent (Appendix 7.7). All parteipgs were provided with a

participant information sheet (see Appendix 7.8).
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Thereafter, the number fell slightly to 11,5672810 mainly due to a reduction in angiograms
among younger patients (a similar trend was fourlienw patients with multiple coronary
angiograms were included). The absolute numberoobrary angiograms performed on elderly
patients increased from 669 in 2001 to 1,945 in020mhe elderly accounted for an increasing

proportionof coronary angiograms: from 8.7% in 2001 16.8% to 2010)& test for trend,

p<0.0001). The incidence of coronary aggiphy among the elderly general populatio
increased three-fold from 198/100,000 per annur2d@l to 629/100,000 per annum in 2008. In
comparison, among the general population aged 3%Y4toyears, the incidence of coronary

angiography increased by only 56% from 284/100,p860 annum to 444/100,000 per annum.

4.1.2. Case-mix

Compared with younger patients, the elderly wereentigely to be female, have severe (CCS grade 1V)
angina, have multiple co-morbidities and have a pasdical history of AMI, PCl or CABG (Table
3).
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Table3 Characteristics of patients undergoing diagnostimnary angiography by age-group

>75 years <75 years
n (%) n (%)
n=13,344 n=87,713 P value*
Male 7,507 (56.3) 55,758 (63.6) <0.001
Current smoker 3,820 (37.8) 33,823 (52.6) <0.001
CCS angina score
0 (none) 1,730 (18.8) 10,205 (17.1) <0.001

| 1,632 (17.7) 16,480 (27.5)

Il 2,033 (22.1) 14,064 (23.5)

1l 1,264 (13.7) 6,571 (11.0)

IV (severe) 2,542 (27.6) 12,514 (20.9) <0.001
Procedural urgency

Urgent 5,240 (38.5) 25,928 (29.1)

Routine 8,103 (60.7) 61,774 (70.4) <0.001
Obese 1,359 (18.1) 15,853 (33.1) <0.001
Diabetes mellitus 1,510 (14.7) 9,553 (14.6) 0.911
Hypertension 5,753 (55.7) 30,019 (46.1) <0.001
Extra-cardiac arteriopathy 1,551 (15.4) 5,979 (9.4) <0.00
Renal impairment 294 (2.9) 949 (1.5) <0.001
Left ventricular dysfunction 2,246 (50.4) 12,386 (40.3) <0.001
Multiple comorbidity 2,714 (20.3) 12,981 (14.8) <0.001
Previous AMI 3,053 (29.6) 15,784 (24.1) <0.001
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275 years <75 years P value*

n (%) n (%)
n=13,344 n=87,713
Previous PCI 814 (8.0) 3,036 (4.7) <0.001
Previous CABG 1,121 (10.7) 4,633 (7.0) <0.001
Family history CAD 1,945 (14.6) 23,493 (26.8) <0.001
Deprivation (SIMD)
Most deprived quintile 2,333 (17.9) 22,001 (25.6) <0.001
Least deprived quintile 2,800 (21.4) 13,496 (15.7) <0.001

*Pearson’s test

CCS Canadian Cardiovascular Society scoring; AMUt@ myocardial infarction; PCI percutanteous cargrintervention;
CAD coronary artery disease; SIMD: Scottishddx of Multiple Deprivation. CABG: coronanartery bypass
grafting

In addition, elderly patients were less likely feel in the most deprived SIMD quintile, be a
current smoker, be obese; or report a family hystof CAD. At coronary angiography, elderly
patients were more likely to have significant cagnstenoses detected (76.1% vs 63.51%, p<0.001)
and more likely to have MVD with or without LMS (3% vs 27.1%, p<0.001 and 13.0% vs
5.9%, p<0.001, respectively) (Table 4).
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4.1.3. Adverse outcomes

Overall (diagnostic only plus follow-on), angiaghy was associated with a low crudate of
peri-procedural complications which occurred In7% of patients. By 30 days follow-up, 1.188
patients had suffered a MACE; 0.5% had suffeeed AMI, 0.1% a cerebrovascular event, and 1.0%
had died. The elderly were more likelthan their younger counterparts, to have rpvecedural
complication (2.0% vs 1.6%, p<0.001) and a MACE.902 vs 0.8%, p<0.001) within 30 days of their

angiogram.

Among all patients who underwent isolated cororargiography, the elderly group experienced sinides

of peri-procedural complications (1.4% vs 1.2%, [#8) but higher rates of AMI (1.1% vs 0.2%,
p<0.001), death (2.3% vs 0.6%, p<0.001) andOdHBA2.6% vs 0.7%, p<0.001) within 30 days. In those
without significant CAD at angiography, peri-prooceal complications and adverse 30-day outcomes were
rare but still more common in the elderly (perigedural complication: 1.9% elderly vs 1.1% young,
p<0.001; and MACE: 1.2% vs 0.4%, p<0.001). In thosith significant CAD, peri-procedural
complications following isolated angiography weengrally no more common in elderly patients regessll

of severity of disease. However, adverse 30-dagomngés were more common (Table 4).
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Table 4. Comparison of crude thirty day outcomes by typprotedure, age-group and coronary angiographitirfgs.

Diagnostic coronary angiography only,

no PCI /CABG within 30 days.

Follow on PCI

Any revascularization within 30 days

n=36,115 n=19,857 n=26,230
n (%) n (%) n (%)
>75 <7t P >75 <75 P >75 <75 P value*
value value*
NO CAD
Peri-procedural complications 59 (1.9) 363 (1.1) .08a
All-cause death 34 (1.1) 107 (0.3) <0.001
AMI 11 (0.4) 15 (0.1) <0.001
CVAITIA 4(0.1) 28 (0.1) 0.355
Death, AMI or CVA/TIA 38(1.2) 129 (0.4) <0.001
SvD
Peri-procedural complications 17 (1.0) 363 (1.1) 258. 45 (4.2) 262 (2.4) <0.001 51(3.9 297 (2.4) 0.001
All-cause death 29 (1.7) 107 (0.3) <0.001 13(1.2) 41(0.4) <0.001 24 (1.9) 64 (0.5) <0.001
AMI 14 (0.8)  15(0.1) <0.001 8 (0.8) 31(0.3)  0.011 12(0.9) 42 (0.3) 0.001
CVA/ITIA 10 (0.6) 28 (0.1) <0.001 1 (0.1) 12 (0.1) .604 1(0.1) 15 (0.1) 0.554
Death, AMI or CVA/TIA 38 (2.2) 129 (0.4) <0.001 15§B2) 51 (0.5) 0.001 24 (1.9) 77 (0.6) <0.001



Diagnostic coronary angiography
only, no PCI /CABG within 30 days.

Follow on PCI

Any revascularization within 30 days

n=36,11" n=19857 n=26,23(
n (%) n (%) n (%)

MVD without LMS
Peri-procedural complications 44 (1.3) 0.343 60 (4.7) 212 (3.5) 0.033 65 (3.6) 252 (3.0) .190
All-cause death 90 (2.7) 119 (0.8) <0.001 49 (3.8) 79 (1.3) <0.001 66 (3.7) 114 (1.4) <0.001
AMI 46 (1.4) 55 (0.4) <0.001 25 (2.0) 56 (0.9) 0100 35 (2.0) 75 (0.9) <0.001
CVAITIA 6 (0.2) 21 (0.2) 0.629 8 (0.6) 7 (0.1) <0D 10(0.6) 7(0.2) <0.001
Death, AMI or CVA/TIA 95 (2.9) 139 (1.0) <0.001 %1.9) 85 (1.4) <0.001 76 (4.3) 120 (1.5) <0.001
LMS 1,145(25.6|) 3,334(74.4) 157(31.3) 344(68.7) 548(24.7)  1,670(75.3)
Peri-procedural complications

13(1.1) 45 (1.3) 0.579 10 (6.4) 22 (6.4) 0.991 17 (3.1) 50 (3.0 0.898
All-cause death

63 (5.5) 82(2.5) <0.001 13(8.3) 16 (4.7) 0.107 38 (6.9) 46 (2.8) <0.001
AMI

31(2.7) 49 (1.5) 0.006 11(7.1) 14 (4.1) 0.161 21(3.9) 31(1.9) 0.008
CVAITIA

1(0.1D 8(0.2) 0.463 1(0.2) 0 (0.0) 0.313 1(0.2) 1(0.1) 0.433
Death, AMI or CVA/TIA 64 (5.6) 89 (2.7) <0.001 19.0) 16 (4.7) 0.062 39 (7.2) 47 (2.9) <0.001
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Diagnostic coronary angiography
only, no PCI /CABG within 30 days.

Follow on PCI

Ary revascularization within 30 days

n=36,11¢ n=19,85° n=26,23(
n (%) n (%) n (%)

Overall
Peri-procedural complications 133 (1.4) 728 (1.2) .049 115 (4.6) 496 (2.9) <0.001 133 (3.7) 599 (2.7) <0.001
All-cause death 216 (2.3) 363(0.6)  <0.001 75(3.0) 136 (0.8) <0.001 128 (3.5) 224 (1.0) <0.001
AMI 102 (1.1) 144 (0.2)  <0.001 44 (1.8) 101 (0.6) 0.801 68 (1.9) 148 (0.7) <0.001
CVAITIA 21 (0.2) 65 (0.1) 0.002 10 (0.4) 19 (0.1) 0.601 12 (0.3) 23 (0.1) <0.001
Death, AMI or CVAITIA 235 (2.5) 422 (0.7) <0.001 83.4) 152 (0.9) <0.001 139 (3.9) 244 (1.1) <0.001

*Pearson'g2 test. AMI: acute myocardial infarction; PClrpatanteous coronary intervention; CVA/TIA: cerelascular accident/transient ischaemic attack; CABfonary artery bypass grafting; MVD
multi-vessel disease; SVD: single vessel disead®; Coronary artery disease
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Overall follow-on PCI was associated with a higleeude risk of adverse outcomes than isolated
coronary angiography (peri-procedural complicatid®d% vs 1.4%, p<0.001; 30 day MACE
1.5% vs 1.2%, p=0.012). In those undergoing folmw-PCIl for SVD and MVD without LMS,
differences in adverse outcomes between elderlyyandger patients were similar to that seen for
isolated coronary angiography. Elderly patientsesigmced higher rates of AMI, MACE and all-
cause death within 30 days of follow-on PCl. Whideude 30-day MACE outcomes appeared
more common among elderly, compared with youngetiepts with LMS (9.0% vs 4.7%,
p=0.062), this was not found to be statisticallyngiicant.

In the univariable logistic regression analysis [€a5), being elderly was associated with an
increased risk of peri-procedural complicatiomms those patients with no significant stesosi
(OR 1.64, 95% Cl:1.24, 2.17, p<0.001), but this dad persist after adjustment for potential
confounding factors (Table 1) (adjusted OR 0.88095: 0.34, 2.05, p=0.159). Potential
confounders included in the model were those, whiehe prospectively collected by the SCRR,
and were associated with age and the outcome erieisit sex, smoking status, diabetes,
hypertension, non-cardiac vascular disease, rem@dirment, left ventricular dysfunction,
cardiogenic shock, co-morbidity, disease sevedéprivation quintile, and year of procedure. The
covariates which reduced the estimates of theafigleri-procedural in patients with no significant
stenosis, for elderly compared to younger persdmsnwncluded in the model as potential
confounders, were left ventricular dysfunction,aledisease, and final access site. In those with
SVD or LMS, univariable analysis suggested thahdpetlderly was associated with an increased
risk of all-cause death, AMI and having a MACE. Hawer, after adjusting for potential confounders
(see above), being elderly was not found to becgastsal with adverse outcomes in these patients.
In those with MVD, being elderly was associatedhvéh increased risk of all-cause death, AMI,
CVA/TIA and composite outcomes. Risk of all-causatth, CVA/TIA and composite outcomes
remained statistically significant following adjostnt. The covariates which reduced the estimates
of the risk of MACE outcomes in patients with SVi2rsosis, for elderly compared to younger
persons when included in the model as potentidiozorders, were left ventricular dysfunction,
renal disease, and diabetes. In MVD and LMS lefiitieular dysfunction, renal disease, diabetes,

and smoking reduced the estimates most.
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Table 5.Complication rates and any revascularisation rfatethose with CAD: Overall (elderly referent toymy):

Univariable Multivariable*
OR/HR 95% ClI P value OR/HR 95% ClI P value

No significant stenosis <75%

Peri-procedural complications 1.64 1.24,2.17 <0.001 0.86 0.34, 2.05 0.159

All-cause death within 30 days 3.21 2.18,4.73 <0.001 1.49 0.56, 3.53 0.155

AMI within 30 days 2.01 1.24,2.77 <0.001 1.82 0.85, 4.48 0.916

CVAITIA within 30 days 1.67 0.58, 4.83 0.341 1.04 0.02,47.51 0.984

Death, AMI or CVA/TIA within 30 days 2.98 2.07,92 <0.001 2.20 0.32,15.08 0.422
SVvD

Peri-procedural complications 1.22 0.94, 1.58 0.126 1.47 0.91, 2.38 0.114

All-cause death within 30 days 3.66 2.64,5.08 <0.001 1.57 0.52,4.76 0.420

AMI within 30 days 3.17 2.01, 5.00 <0.001 2.12 0.58, 7.77 0.256

CVA/TIA within 30 days 3.31 1.64, 6.69 0.001 0.30 0.02,5.47 0.415

Death, AMI or CVA/TIA within 30 days 3.60 2.66, 468 <0.001 1.14 0.39, 3.36 0.811
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OR/HR

Univariable

95% ClI P value

Multivariable*

OR/HR 95% ClI P value

SvD

PCI within 30 days

CABG within 30 days

Any revascularisation within 30 days
PCI within 1 year

CABG within 1 year

Any revascularisation within 1 year

MVD without LMS
Peri-procedural complications
All-cause death within 30 days
AMI within 30 days
CVAI/TIA within 30 days
Death, AMI or CVA/TIA within 30 days
PCI within 30 days
CABG within 30 days
Any revascularisation within 30 days
PCI within 1 year

CABG within 1 year

0.66 0.61,0.71 <0.001

0.71 0.66,0.76  <0.001

1.93

1.5502.4 <0.001

0.71 0.66,0.76  <0.001

1.93 155,240 <0.001

0.69

1.17
3.05
2.82
2.55
3.03
0.92
1.07
0.95
0.82

0.72
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0.64, 0.75<0.001

0.95,1.45 0.144
2.48,3.74 <0.001
2.13,3.73 <0.001
1.38,4.72 0.003
249,86 <0.001
0.86, 0.99 0.020
0.94,1.21 0.317
0.8911.0 0.088
0.77,0.87 <0.001

0.67,0.77 <0.001

0.70 0.56, 0.86 0.001
0.55 0.13, 2.34 0.424

0.69 0.56, 0.86 0.001
0.62 0.50, 0.78 <0.001
0.90 0.59, 1.39 0.643

0.55 0.43,0.71 <0.001

1.00 0.62,1.63 0.978
1.82 1.03,3.20 0.038
1.68 0.81, 3.47 0.163
5.01 1.09, 22.9 0.038
2.05 1.21, 3.46 0.007
0.91 0.78, 1.06 0.242
0.97 0.64, 1.45 0.868
0.90 0.77,1.06 0.208
0.92 0.79, 1.08 0.331

0.73 0.60, 0.89 0.002



Univariable Multivariable*

OR/HR 95% ClI P value OR/HR 95% ClI P value
MVD without LMS
Any revascularisation within 1 year 0.62 0.58, 0.66 <0.001 0.70 0.58, 0.85 <0.001
LMS

Peri-procedural complications
All-cause death within 30 days 241 1.85, 3.16 <0.001 1.80 0.61,5.28 0.288
AMI within 30 days 1.95 1.37,2.78 <0.001 1.06 0.27,4.17 0.935
CVA/TIA within 30 days 0.66 0.14, 3.04 0.592 0.73 0.03, 15.17 0.837
Death, AMI or CVA/TIA within 30 days 2.32 1.79,30 <0.001 1.46 0.50, 4.25 0.488
PCI within 30 days 1.40 1.18, 1.67 <0.001 1.59 1.09, 2.34 0.018
CABG within 30 days 0.79 0.69, 0.90 <0.001 0.97 0.60, 1.59 0.912
Any revascularisation within 30 days 0.96 0.8571.0 0.448 1.48 1.05, 2.10 0.027
PCI within 1 year 1.07 0.92, 1.26 0.367 1.30 0.90, 1.89 0.163
CABG within 1 year 0.51 0.45, 0.57 <0.001 0.49 0.34,0.70 <0.001
Any revascularisation within 1 year 0.50 0.44, 0.56 <0.001 0.58 0.38, 0.89 0.012

OR: odds ratio, used for 30 day outcomes; HRazahds ratio, used for 1 year outcomes; CI: idente interval; AMI. acute myocardial infaoct; PCI:
percutanteous coronary intervention; CVA/TlAerebrovascular accident/transient ischaemic attack.

*adjusted for sex, smoking status, diabetes, hgpeitn, non-cardiac vascular disease, renal imgaitnheft ventricular dysfunction, cardiogenic skoco-morbidity, disease
severity, deprivation quintile, year of proceduaed final access site.
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4.1.4. Management of patients with confirmed coronary rgrte

disease

In the univariable analyses, among those patientsvilom angiography demonstrated
evidence of CAD, the elderly were less likely tmgred to follow-on PCI than younger
patients (24.9% vs 31.4%, p<0.001) and less litelyindergo revascularisation within one
year, irrespective of the severity of CAD foundle@tgnostic angiography (60.1% vs 68.8%,
p<0.001) (presented by SVD, MVD, and LMS in Tabje &s shown in Table 6, those with
SVD, elderly patients were more likely to underghBG by 1 year than younger patients but
this was offset by a lower number undergoing P@kulting in a lower overall use of
revascularisation (61.9% vs 70.1%, p<0.001 at I)yemmong those with LMS, elderly
patients were more likely to undergo early but laér PCI than younger patients (11.1%
vs 8.0%, p<0.001 at 30 days and 13.8% vs 13.0%,4R€0at 1 year). This was offset by
a lower percentage undergoing CABG, resulting lovweer overall use of revascularisation
at 1 year (61.2% vs 76.0%, p<0.001) (presented \BY,MVD, and LMS in Table 6).
Among those with MVD excluding LMS, elderly patisnivere less likely to undergo both
PCl and CABG.

In the multivariable analyses, elderly patientshwitvidence of CAD were less likely than
younger patients to have had a revascularisatiocepiure by one year (OR 0.68, 95% ClI
0.65-0.71, p<0.001) even after adjusting for baselcharacteristics (adjusted OR 0.60,
95% CIl 0.52-0.69, p<0.001) (data not shown in T&)leThis was found to be the case

regardless of severity of disease (Table 6).
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Table 6. Comparison of revascularization rates followingpgiestic coronary angiography by age-group and angphic findings

>75 years <75 years Total P value
n=9,853 n=52,492 62,345
SVvD 3,035 (11.0) 24,625 (89.0) 27,660
Follow on PCI 1,067 (35.7) 10,881 (44.2) 11,948 00Q.
PCI within 30 days (including FO) 1,076 (35.5) 17745.8) 12,343 <0.001
Any revascularization within 30 days 1,296 (42.7) 2,6B5 (51.3) 13,931 <0.001
PCI within 1 year (including FO) 1,379 (45.4) 148569.2) 15,947 <0.001
CABG within 1 year 414 (13.6) 2,060 (8.4) 2,474 oalL
Any revascularization within 1 year 1.880 (61.9) ,268 (70.1) 19,143 <0.001
MVD without LMS 5,125 (18.3) 22,863 (81.7) 27,988
Follow on PCI 1,279 (25.0) 6,129 (26.8) 7,408 0.007
PCI within 30 days (including FO) 1,327 (25.9) @0327.9) 7,697 0.004
Any revascularization within 30 days 1,793 (35.0) ,288 (36.3) 10,081 0.088
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>75 years <75 years Total P value
n=9,853 n=52,492 62,345
MVD without LMS
PCI within 1 year (including FO) 1,736 (33.9) 8,9489.1) 10,685 <0.001
CABG within 1 year 1,257 (24.5) 7,102 (31.1) 8,359 <0.001
Any revascularization within 1 year 3,077 (60.0) & (70.8) 19,254 <0.001
LMS 1,693 (25.3) 5,004 (74.7) 6,697
Follow on PCI 157 (9.3) 344 (6.9) 501 0.001
PCI within 30 days (including FO) 188 (11.1) 402008 590 <0.001
Any revascularization within 30 days 548 (32.4) 7D§33.4) 2,218 0.448
PCI within 1 year (including FO) 233 (13.8) 651 @3 884 0.429
CABG within 1 year 803 (47.4) 3,201 (64.0) 4,004 .01
Any revascularization within 1 year 1,036 (61.2) 8B, (76.0) 4,837 <0.001

*Pearson’sy® test . AMI: acute myocardial infarction; PCI: petaoteous coronary intervention; CVA/TIA
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Strengths and Limitations

Data for this study was based on a national regestd, therefore, included all patiem#o
underwent coronary angiography over the study derikhe registry data are detailed and
comprehensivé’”® and are collected prospectively by staff at théiepéls hospital. In
Scotland, the data on outcomes are obtained \kadia to routine hospital and death records
which have been shown to be as complete and aecasathose obtained usiognventional
follow-up methods. The vast majority of patients were succesgflitked to the
follow-up databases (99%), which is in keeping wsimilar studies using similar registry
data®® Previous studies and quality assurance exercisggyest that systematic bias is
unlikely. Only 1% could not be linked and there was no redsosuspect a systematic
bias in successful linkage. In addition, post hagalgsis confirmed no significant
statistical differences according to whether orlmiage was achieved.

This section of the thesis utilised statistical moels to adjust for known differences in
baseline characteristics between elderly andngeu patients. However, residual
confounding due to unknown or unrecorded differencannot be excluded. This is a
recognised limitation of all observational studiés.any cohort study, there is always the
potential for loss to follow-up due to, for aample, emigration from Scotland. Linkage
with SMRO1 and GROS would not provide admissioradat events and deaths occurring
outside Scotland. However, this is unlikely to impaignificantly on the early (30 day)
complications reported here.

Age-stratified general population incidence rateseabased on a single year being used as the
denominator — 2006. This could have resulted inodest underestimate of the incidence rate

as the elderly probably increased in the overghiutation during the study period.
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4.1.5. Discussion of the main findings

The total numbers and rates of coronary angiograpiojertaken in Scotland have increased
until the mid 2000s. This may be explained by iasieg prevalence of CAD and
changes in the threshold for investigation by cargnangiography. Elderly patients
accounted for an increasing number and proportiofirgt diagnostic coronary angiograms,
over this time period. Age-stratified general p@pwin incidence rates of coronary
angiography increased more in the elderly grouggssting the threshold for investigation
by coronary angiography may have decreased oveg. t@ompared with younger patients,
the elderly were more likely to have severe angargiographic evidence of any CAD, or
MVD with or without LMS, suggesting that the thresdhfor investigation is probably higher.

Elderly patients had a higher risk of early comgiicns but their crude risk was nonetheless
low (2.0% of elderly patients suffered complicaspnompared with 1.6% of young patients
(p<0.001) suggesting that coronary angiographysiafa procedure to perform in the elderly.
This suggests that concerns about investigatingrigipatients with suspected CAD using

coronary angiography may not be justified.

Elderly patients were less likely to proceed toasmularisation, either as a follow-on
procedure, or over the subsequent year, suggeatimgher threshold for intervention even
among those investigated. Further investigation tlué apparent higher threshold for
revascularisation in elderly patients has been takien in this thesis by examining PCI data
from the SCRR in more depth (the findings of whark presented below in Chapter 4.2). In
addition, trends have been examined to assess e&hanger time in case-mix in patients
undergoing PCI.
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4.2. PCl in the elderly: changes in case-mix and

periprocedural outcomes

Overall comparison
Of the 46,774 patients who underwent PCI in Scdtlaetween 1998 and 2008, 40,933 (87.6%)
were classed as non-emergencies. Of these, 4,34W4) were performed in elderly patients and

36,387 (88.9%) in younger patients. Compared witlinger patients, the elderly were more likely
to be female, have MVD disease, have multiple cdmddy, and have a past medical history of
AMI or CABG (Table 7).
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Figure 14.Numbers of non-emergency percutaneous coronamyerngons per annum by age-

group.

Of the 40,933 patients, 5,912 (14.4%) were excluded the outcome analysis because of missing
or incomplete follow-up data. There were no siguifit differences between those included and exdlude
in terms of age, sex, SIMD quintile, disease séyer presence of comorbidities. In the remainingart

of 35,021 (85.6%) patients, the overall crude aBMACE within 30 days of PCl was 4.5% in the elger
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compared with 2.8% in younger patierp@zstest, p<0.001). In the logistic regression moded, ihcreased

risk among the elderly (unadjusted OR 1.61, 95%.80-1.91, p<0.001) was attenuated after adjustment
for differences in case-mix, but remained statlycsignificant (adjusted OR 1.36, 95% CI 1.07-51.7
p<0.001).

Time-trends

The overall number of non-emergency PCI procedpes®rmed each year tripled, from 2,009 in
1998 to 6,244 in 2006 (Figure 14). Thereafter, nhenber fell slightly to 6,180 in 2008, mainly
due to a reduction in procedures among youngeemtsti The absolute number of PCls performed
on the elderly increased from 101 in 1998 to 7920A8. The incidence of PCl among the elderly
general population increased from 29/100,000 peuanin 1998 to 219/100,000 per annum in
2008. Among the general population aged 35-74 ydaes incidence of PCI increased from
71/100,000 per annum to 173/100,000 per annum.

The elderly accounted for an increasing proporttbnon-emergency PCls, from 2.5% in 1998 to

2
11.1% in 2008 i test for trend, p<0.0001). Among elderly patierttggre was a significant
increase in the prevalence of all comorbid condgjather than obesity (Table 8).
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intervention by age-group.

Table 7. Comparison of characteristics of patients undeémgonon-emergency percutaneous coronary

>75 years <75 years P value*
n (%) n (%)

Male 2,702 (59.6) 25,900 (71.2) <0.001
Current smoker 1,415 (34.8) 10,873 (32.8) 0.013
MVD 2,480 (56.3) 14,628 (41.5) <0.001
Obese 569 (18.9) 7,595 (30.6) <0.001
Diabetes mellitus 817 (18.8) 6,342 (18.0) 0.202
Hypertension 2,303 (55.8) 15,150 (45.4) <0.001
Extra-cardiac arteriopathy 602 (13.3) 2,757 (7.6) 0.081
Renal impairment 120 (3.0) 409 (1.25) <0.001
Left ventricular dysfunction 2,063 (51.8) 13,632(1) <0.001
Multiple comorbidity 821 (18.1) 4,841 (13.3) <010
Previous PClI 603 (14.5) 5,294 (15.7) 0.060
Previous CABG 681 (16.1) 3,644 (10.7) <0.001
Previous AMI 1,679 (39.8) 12,233 (35.4) <0.001
Family history 1,022 (25.4) 14,034 (42.6) <0.001

*+2 test

n number, PCI percutaneous coronary interventiorBGAoronary artery bypass grafting, AMI acute

myocardial infarction, MVD multivessel disease
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Table 8.Time trends in case-mix of patients undergoing eaorergency percutaneous coronary intervention bygagep.

1998

1999

2000 2001 2002 2003 2004 2005 2006 2007 2008
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) (%) n (%) n (%) P value*
>75 years

male 64 (63.5) 92 (71.3) 124 (63.3) 130 (59.6) ©EP12) 212 (54.5) 257 (60.2) 340 (61.1) 418 (61.1) 440 (58.5) 484 (61.1) 0.790
current smoker 34 (37.4) 52 (48.6) 65 (44.5) auqy 85 (35.6) 127 (38.8) 130 (31.9) 208 (38.0) @n9) 213 (32.0) 207 (28.5) <0.001
MVD 48 (51.1) 56 (54.4) 85 (59.0) 115 (55.6) 15Q.4) 212 (55.5) 244 (55.6) 312 (56.0) 384 (56.6) 407 (54.5) 477 (60.5) 0.090
obesity 13 (16.0) 18 (18.0) 39 (30.2) 30 (18.1) (B.2) 53 (21.5) 51 (19.0) 68 (17.3) 87 (17.7) (985) 81 (18.1) 0.193
diabetes mellitus 10 (9.9) 35 (27.1) 61 (31.4) (BL8) 44 (16.5) 64 (17.3) 86 (20.0) 77 (13.8) (ma.4) 147 (21.0) 141 (19.0) <0.001
hypertension 27 (28.4) 35 (32.4) 46 (31.3) 784B9. 103 (43.6) 177 (51.5) 212 (51.5) 327 (59.6) BR2) 434 (63.9) 461 (62.8) <0.001
extra-cardiac arteriopathy - 11 (5.6) 33 (15.1) 33(12.2) 60 (15.7) 48()0.8 66 (11.7) 103 (15.1) 124 (16.5) 115 (14.5) <0.001
renal impairment 0 (0.0) 0 (0.0) 1(5.3) 1(4.3) 0(0.0 1(2.8) 3(6.1) 5 (7.8) 10 (11.4) 5(4.7) 22) 0.020
left ventricular dysfunctic 32 (35.2) 38 (38.8) 55 (37.7) 106 (51.2) 124 (46.8) 203 (53.4) 240 (55.3) 279 (54.1) 291 (52.9) 3Mm45 349 (51.8) <0.001
multiple comorbidity - 12 (6.1) 29 (13.3) 35 (@B 61 (16.0) 70 (15.7) 107 (19.0) 150 (21.9) 155.9) 178 (22.5) <0.001
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1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n ( %) n (%) n (%) P value*
previous PCI 16 (16.7) 14 (12.7) 24 (15.8) 34 (16.4) 47 (17.9) 57 (16.6) 53 (12.8) 82 (14.9) 91 (14.6) 93 (14.0) 92 (12.7) 0.730
previous CABG 15 (16.0) 12 (11.2) 27 (19.6) 29.0)4 46 (17.4) 72 (19.5) 67 (15.5) 93 (16.6) 90@Q)4. 123(18.2) 107 (14.7) 0.710
previous AMI 48 (47.5) 49 (38.0) 58 (29.6) 101.8)6 132 (48.9) 159 (41.5) 166 (37.3) 221 (39.1) &64) 260 (34.6) 229 (28.9) <0.001
family history 43 (46.7) 50 (47.6) 73 (50.7) 60 @) 54 (23.6) 81 (25.2) 88 (22.3) 141 (26.1) 154.%) 159 (23.9) 122 (16.9) <0.001

<75 years

male 1,167 (62.5) 1,167 (67.7) 1,290 (67.2) 1@®3) 2,132(70.7) 2,385(72.4) 2,609 (72.3) 2,@885) 3,431(70.9) 3,375(72.2) 3,292 (73.0) 80.0
current smoker 664 (43.6) 810 (48.0) 705 (45.2) 9 @&7.0) 835 (31.2) 923 (30.5) 985(28.9)  1,3054B2 1,435(31.4) 1,267 (29.8) 1,115 (26.4) <0.001
MVD 859 (55.2) 995 (58.9) 847 (53.2) 1,026 (40.5)1,061 (35.7) 1,223 (37.5) 1,473 (41.5) 1,656 (40.41,920 (39.8) 1,835(39.4) 1,733 (38.7) <0.001
obesity 294 (21.3) 380 (24.4) 362 (25.5) 567 (B0.1 637 (30.8) 647 (30.1) 576 (28.9) 946 (32.9) 1,®&7) 1,085(33.7) 916 (33.6) <0.001
diabetes mellitus 326 (18.9) 399 (20.8) 612 (30.2) 429 (16.9) 472 (16.9) 519 (16.3) 569 (16.0) 62641 879 (18.6) 773 (17.6) 738 (17.3) <0.001
hypertension 490 (31.5) 606 (35.5) 595 (37.7) @ms4)  1,015(37.8) 1,300 (42.4) 1,450 (42.3) 2,0867) 2,403 (52.5) 2,193(51.6) 2,177 (51.7) 00.0
extra-cardiac arteriopathy - - 97 (4.7) 222 (8.5) 246 (8.2) 276 (8.4) 25016.9 336 (8.1) 434 (9.0) 402 (8.6) 364 (8.1) <0.001
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1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n ( %) n (%) n (%) P value*
renal impairment 0 (0.0 2(0.7) 3(1.2) 6 (2.4) 2(0.7) 3(0.9) 12 (3.3) 6 (1.4) 22 (3.7) 13(1.9) 18(2.0) <0.001
left ventricular dysfunctic 545 (39.9) 501 (33.2) 559 (35.1) 1,029 (41.1) 1,0801) 1,412(435) 1,412(40.2) 1,603(41.8) 1,6®.1) 1,959(48.9) 1,760 (45.1) <0.001
multiple comorbidity - - 162 (7.9) 313 (12.0) 3@0.9) 415 (12.6) 453 (12.6) 616 (15.3) 788 (16.3) 730 (15.6) 724 (16.1) <0.001
previous PCI 246 (15.7) 290 (16.8) 331 (20.2) @In1) 569 (19.3) 440 (14.4) 453 (13.1) 541 (13.4) 696 (15.2) 661 (15.7) 628 (15.0) <0.001
previous CABG 192 (12.4) 228 (13.8) 211 (13.3) 833L7) 339 (11.4) 371 (11.7) 358 (10.1) 425 (10.4) 427 (9.2) 396 (9.4) 363 (8.7) <0.001
previous AMI 673 (39.0) 718 (37.4) 597 (29.0) 492.9) 1,148 (38.1) 1,251(38.0) 1,214(33.6) 1,@®6) 1,635(33.8) 1,396(29.5) 1,221 (27.1) 00.0
family history 804 (52.9) 769 (46.2) 769 (49.4) 076 (48.3) 1,122 (42.2) 1,229(41.1) 1,319(39.0),801(44.8) 1,987 (43.6) 1,671(39.6) 1,447 (34.7) <0.001

*” test for trend

n number, PCI percutaneous coronary interventié®tB@ coronary artery bypass grafting, AMI acute maatial infarction, MVD multi-vessel disease

173



There was a four-fold increase in multiple comotlyich elderly patients, compared with only a
35% increase in younger patients. The elderly vedse characterised by increasing severity of
cardiac disease with the prevalence of left vealfgicdysfunction increasing from 35.2% to 51.8%
(p<0.001). The prevalence of MVD increased by 9id%e elderly, compared with a 16.5% fall

in younger patients.

The adjusted risk of MACE among the elderly refértenthe young did not change significantly
over time (Figure 15). Among younger patients, ¢thede risk of MACE within 30 days of PCI
fell significantly over the ten-year period fronB8%6 to 2.4% (Table 9). By contrast, there was no

significant change among elderly patients. Ovetal, crude risk of MACE fell from 5.8% to

2
2.7% ( test for trend, p=0.019).
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Table 9.Time trends in crude 30 day outcomes following-eamergency percutaneous coronary intervention eygrgup.

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) (%) n (%) P value*
>75 years
All-cause death 1(1.0) 2(1.6) 2(1.0) 2(1.0) (14 6(16) 10(23) 7(1.3) 10(15 16(21) 26D
AMI 2(20) 432 1(05) 735  6(23) 15@ 13(29) 20(3.7) 25(3.7) 27(3.7) 0.07
Cardiac surgery 2(20) 1(0.8 2(1.0) 0(0.0) (08B) 1(03) 2(0.9  4(0.7) 3(0.4) 3(0.4) 0.213
MACE 4400 6(47) 5(26) 735 1037 g 20(45 29(52) 31(46)  36(4.9) 0.216
<75 years
All-cause death 21(1.2) 10(0.5) 10(0.5) 10X0.412(0.4) 18(0.6) 26(0.7) 27(0.7) 26(0.5) QY 0.357
AMI 53(3.1) 39(21) 25(1.7) 34(14) 54(1.8) 5@0) 83(23) 98(23) 104(22) 83(L.8) 0.909

Cardiac surgery 45 (2.6) 18 (0.9) 11 (1.2) 21)(0.816 (0.5) 22 (0.6) 23 (0.6) 25 (0.6) 15 (0.3) P5) <0.001
MACE 101(6.3) 56(3.1) 42(22) 58(24) 72(25)90(2.8) 111(3.2) 127(3.2) 127(2.7) 107 (2.4) 0.001

*? test for trend, n number, AMI acute myocardial infion, MACE major adverse cardiovascular event
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10- ,
® Unadjusted

X Adjusted

OR

Adjusted for: sex, smoking status, diabetes, hypesibn, extra- cardiac vascular disease, renal
impairment, impaired left ventricular function, dése severity, SIMD deprivation quintile, urgendy o

the procedure, access site, year of procedurehasyital.

Figure 15 Unadjusted and adjusted risk of major adverseiaaascular events within 30 days of non-

emergency percutaneous coronary intervention ireltherly referent to younger patients by year afcedure.
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4.2.1. Strengths and Limitations

The cohort used in this analysis comprised allgoési undergoing PCI (between 1998 and
2008) in Scottish NHS hospitals, this is not a gel@ sample and therefore avoids selection
bias. The registry data are detailed and compréenand are collected prospectively by
clinical staff at the patient’s hospital. As dissed above, the SCRR has a high proportion of
successful linkage (98% for this analysis) to fatlop databases (99%) and robust quality
assurance mechanisms that make systematic biadikely. Statistical methods were utilised
to adjust for known differences in baseline chamastics between elderly and younger
patients. However, residual confounding due tonomkn or unrecorded differences cannot be
excluded. This is a recognised limitation of allsetvational studies. Age-stratified general
population incidence rates were based on a sirgge lyeing used as the denominator — 2006.
This could have resulted in a modest underestinétéhe incidence rate as the elderly
probably increased in the overall population durthg study period. In any cohort study,
there is always the potential for loss to follow-dpe to, for example, emigration from
Scotland. Linkage with SMR0O1 and GROS would natvpte admission data for events
and deaths occurring outside Scotland. Howeves, ithunlikely to impact significantly on
the early (30 day) complications reported here.ddmhately, it was not possible to assess

long-term outcomes in this cohort.

The vast majority of patients were successfullikdah to the follow-up databases. Fourteen percent
could not be linked but, as mentioned above, tieer® reason to suspect a systematic bias in the
success of linkage, and analysis confirmed no ogmit differences in case-mix according to
whether or not linkage was achieved. We had baselaia up to March 2008 but outcome until
only March 2007 due to follow-up data only beingdafed on an annual basis. Data on non-
cardiac arteriopathy were not collected in thet twg years. Therefore, this could not be included
as a covariate in the multivariate analysis andtipial comorbidity was only calculated for the

subsequent years.
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4.2.2. Discussion of the main findings

Similar to the findings in the coronary angiograimalysis, there was an increase in the number
and percentage of PCls undertaken in elderly ptielnom 196 (8.7%) in 2000 to 752 (13.9%) in
2007. Compared with younger patients, the eldedyewnore likely to have multivessel disease,
multiple comorbidity, and a history of myocardiafarction or coronary artery bypass grafting (
tests, all P<0.001).

Over the 7 years, there was a significant incr@asiee proportion of elderly patients who had
multiple comorbidity ¢2 test for trend, P<0.001). Despite this, the ulytey risk of
complications did not change significantly overeaim the elderlyy2 test for trend, P=0.142), or
overall ¢2 test for trend, P=0.083). This suggests that gvenght the threshold for undertaking
PCI appears to have changed over time (likely@salt of earlier revascularization for milder
disease and use PCI in patients with more seveeasie but deemed high risk for surgery), the

risk of complications after PCI has not.

Compared with younger patients, elderly patientaritgaPCl were more likely to have multivessel
disease, multiple comorbidity, and a history of wamlial infarction or coronary artery bypass
grafting ¢ tests, all p<0.001). The elderly had a higher aEMACE within 30 days of PCI

(4.5% versus 2.7% test p<0.001). However, similar to the findingsaronary angiography,

crude risk was low.

As discussed, PCl is generally undertaken in gidmatients to alleviate the signs and symptoms
of CAD. Therefore, assessing the benefits of POQokh is as important as investigating the risk
of peri-procedural complications or the longer t&WWACCE outcomes found for follow on PCI in
the coronary angiography analysis. To do this, @abhrovements following PCl were assessed as
part of this thesis in the ReQoL study (for resudee Chapter 4.3 below).
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4.3. ReQoL (Revascularisation and quality of life)

Four hundred and fifty-one participants were reediifrom consecutive patients attending the
GJNH for elective PCI between September 2009 angusiu2011. Of these, 437 fully completed
the baseline questionnaire and had baseline cleaistits and procedural information available.
The Cardiac Research Nurses did not record aaspbnse rate; however, based on data available
from the National Golden Jubilee Hospital, thidikely to represent 18.2% of the eligible study
population (based on ~1200 PCI procedures per lyeegnrg undertaken as daycase procedures,
with daycases being used as a proxy of the eligibleulation). The average age of participant
was 61.1 (SD 10.3), with a range from 26 to 86 yedrage. The most common presentation was
with a CCS angina score of Il (44.7%). The paptacit characteristics are shown in Table 10.
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Table 10. Baseline characteristics of participantsnrolled in the ReQoL study (n= 437)

Mean age (SD) 61.1 (10.3)
Median age (range) 62 (26-86)
n(%)
Male 318 (72.8)
Smoker 117 (28.5)
CCS angina score
0 8 (1.9)
I 12 (2.8)
Il 92 (21.8)
1] 187 (44.7)
v 124 (29.3)
Obese 176 (43.7)
Diabetes mellitus 73 (16.9)
Hypertension 287 (68.5)
Extra cardiac arteriopathy 56 (13.4)
Renal impairment 4 (0.9)
Left ventricular dysfunction 217 (57.3)
Multiple co-morbidity 357 (81.7)
Previous AMI 233 (56.3)
Previous PCI 89 (22.6)
Previous CABG 32 (8.1)
Family History CAD 288 (69.1)
SIMD Deprivation
Most deprived 122 (28.2)
Least deprived 72 (19.7)
Severity of disease
SVD 254 (58.1)
MVD 183 (41.88)

PCI percutaneous coronary intervention; CABG cororaatgry bypass grafting; AMI acute myocardial infam; SVD single
vessel disease; MVD multi-vessel disease; CAD caoomatery disease; SIMD Scottish Index of Multifdeprivation; CCS

Canadian Cardiovasacular Society classification
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There were 103 (23.6%) participants age® years and 334 (76.4%) <70 years of age. Elderly
participants were more likely to smoke, have maeese disease, a family history of CAD, and
have had a previous CABG. They were less likelgrtmke or live in a the most deprived SIMD
quintile (see Table 11)

Table 11. ReQoL: Baseline characteristics of 43Q®&epatients by age group

270 years <70 years P value*
n (%) n (%)
103 334
Male 73 (70.9) 245 (73.3) 0.621
Current smoker 9 (10.0)
CCS angina score
0 (none) 0(0.0) 8(2.5)
I 3(3.0) 9(2.8)
Il 14 (14.1) 78 (24.1)
I 52 (52.5) 135 (41.7)
IV (severe) 30 (30.3) 94 (29.0) 0.122
Obese 36 (37.5) 140 (45.6) 0.362
Diabetes mellitus 22 (22.0) 51(15.4) 0.124
Hypertension 71(73.0) 216 (67.1) 0.256
Extra-cardiac arteriopathy 17 (17.5) 39(12.1) 0.170
Renal impairment 1(0.0) 3(0.9) 0.927
Left ventricular dysfunction** 52 (60.5) 165 (56.3) 0.494
Multiple comorbidity 85 (82.5) 272 (81.4) 0.183
Previous AMI 32 (34.2) 74 (22.6) 0.082
Previous PCI 27 (29.3) 62 (20.5) 0.077
Previous CABG 18 (19.3) 14 (4.6) <0.001
Family history of CAD 55 (57.3) 233 (72.6) 0.004
Deprivation (SIMD quintile)
Most deprived 16 (15.7) 106 (32.0) 0.001
Least deprived 22 (26.5) 50(17.7) 0.075
Severity of disease
SVD 49 (47.6) 205 (61.4)
MVD 54 (52.4) 129 (38.6) 0.013

* Person’s X2 test/nptrend/ranksum for trend; **75% missing; PCI percutaneous coronary intervention; CABG coronary artery bypass grafting;
AMI acute myocardial infarction; SVD single vessel disease; MVD multi-vessel disease; CAD coronary artery disease; SIMD Scottish Index of

Multiple Deprivation; CCS Canadian Cardiovasacular Society classification

181



Three hundred and nine participants completed tha&tbaseline and 3 months questionnaire. This
equates to an attrition rate of 29.3%. There wérpatients>70 years of age and 213 patients <70
years of age. Patients who did not complete theoBtihs assessment were more likely to be
younger (32.6% vs 18.5% dropped out from youngerader groups respectively, p=0.006) and
smoke (38.5% of the drop-outs vs 25.3, p=0.008ydwer, they were no more likely to have
severe disease (p=0.469), or be from the mostwEpBIMD quintile (0.063).

EQ5D score
o0 c0 0 o®
[ X ) ™ e0ed

’l:l Baseline [ Three months‘

Figure 16. Baseline and 3 months EQ-5D index utiltscore in all participants

Baseline average EQ-5D index utility score was lsimin elderly and younger patients (0.7,
p=0.561). Overall, the score increased following FC7 to 0.8, p <0.001). The greatest increase
appeared to be in younger patients (0.075 vs 0.®ibiyever, this was not found to be statistically

significant p=0.911.

182



!

>=70 years <70 years

[ Baseline [ 3 months

-

f

EQ5D score

Figure 17. Baseline and 3 months EQ-5D index utiltscore, by age group.

The EQ-5D visual analogue scale showed that thenseare increased from 67.8 (SD 18.8) to
73.9 (SD17.8), p<0.001, following PCI. The mearieténce for older patients in the EQ-5D
visual analogue was 3.2 (SD 19.8) compared wit{S[219.0) in younger patients; again, this

was not found to be statistically significant (p0L)
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Figure 18. Baseline and 3 months EQ-5D visual anajae scale, by age group.

The breakdown of EQ-5D domains suggests that Imesatixiety and depression is much less in

elderly patients (p=0.009). However, none of tHeeowariables at baseline showed statistical

significance.

Overall mean SE2,, PCS and MCS increased following PCI (39.0 vs 4hé 47.8 vs 50.9,
p<0.001). While baseline PCS appeared to be lowelderly patients compared with younger
(37.6 vs 39.7, p=0.106) and MCS higher (50.0 v 46=0.027), only the MCS was statistically
significant. Both elderly and younger patients sedwtatistically significant increases in both

PCS and MCS following PCI (see table 12).
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Table 12. Baseline and 3 months quality of life so®, by measurement tool and age group

> 70 years of age < 70 years of age
Before After P value Before After P value*
EQ-5D Index** 0.7 (0.3) 0.8 (0.2) 0.009 0.7 (0.3) .800.0) <0.001
EQ-5D visual scale 67.7 (19.1)70.9 (18.6) 0.187 68.0 (18.5) 75.3(17.7) <0.001

EQ-5D domains***
Mobility 1.5 (0.5) 1.4 (0.5) 0.672 1.4 (0.5) 1.3(0.5) 0.093
Self-care 1.1 (0.3) 1.1 (0.3) 0.132 1.1 (0.3) 1.1 (0.3) 079
Usual activity 1.6 (0.6) 1.4 (0.5) 0.011 1.7 (0.7) 1.4 (0.6) <@.00
Pain or discomfort 1.6 (0.7) 1.5 (0.6) 0.061 1.6 (0.6) 1.4 (0.6) <@.00
Anxiety or depression 1.2 (0.5) 1.2 (0.4) 0.808 1.4 (0.6) 1.4 (0.6) 0.584

SF-12 v

PCS 37.6 (10.1) 41.9 (10.1) <0.001 39.7 (10.0) 45.6 (10.8) <0.001
MCS 50.0 (10.4) 53.0 (11.9) 0.035 46.7 (11.1) 49.7 (11.1) <0.001
MacNew Global 4.7 (1.3) 5.6 (1.1) <0.001 4.4 (1.3) 5.4(1.3) <0.001
MacNew

Emotional 4.9 (1.3) 5.7 (1.2) <0.001 4.5 (1.4) 5.3(1.4) €010
Physical 4.4 (1.4) 4.2 (1.4) <0.001 4.2 (1.4) 5.5(1.4) €00
Social 4.7 (1.4) 5.7 (1.1) <0.001 4.3 (1.4) 5.6 (1.4) €00

*paired ttest/Wilcoxon signrank test dependingskawness of data

** As a utility index score

***ow scores on the 5 items of EQ-5D reflect a favable assessment of each component

PCS: Physical component score; MCS: Mental compastne; SF-12: Short Form Questionnaire

Similar to the EQ-5D VAS, the MacNew showed thaibgll baseline QoL score was better in
elderly patients compared with younger patient3 (% 4.4, p=0.024) and that all the MacNew
domains (emotional, physical and social) showetilssitzally significant increases following PCI.

There was no statistically significant differencetvibeen elderly and younger patients in the
proportion of patients who achieved the MID (73.8% 77.9%, p=0.393) in MacNew score

between baseline and 3 months.
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In the MacNew questionnaire there is an optionastjon asking: “How often during the last 2
weeks have you felt your heart problem limited oterfered with sexual intercourse?” One
hundred and twenty-five patients answered this tqueg15 aged>70 years) in the follow up

guestionnaire. Sixty—eight patients responded dgHa time” or “most of the time” at baseline

compared with only 34 at 3 months (p<0.001) sugggst significant improvement.
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Figure 19. Scatterplot of baseline and 3 months EGD utility index score, by age group.

Following adjustment for baseline characterist®sx( disease severity, smoking status, obesity,
comorbidity, and deprivation) using multivariatendar regression there was no statistically
significant difference between elderly and younpgatients in mean increase in EQ-5D score,

PCS, MCS or any of the MacNew domains.
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Table 13. Multivariate linear regression (elderly eferent to younger), by QoL measurement

tool and with or without baseline score adjustment.

B coefficient (95% Cl), p value

QoL questionnaire Without baseline score With baseline score
EQ-5D utility index 0.12 (-0.06, 0.09), 0.757 0.03 (-0.60, 0.66), 0.917
PCS 1.34 (-1.61,4.30), 0.373 2.27 (-0.35,4.89), 0.090
MCS 0.77 (-2.58,4.12), 0.652 0.70(-3.80, 42.01), 0.546
MacNew Global 0.20(-0.28, 0.69), 0.406 0.01 (-0.43,0.24), 0.992

Likelihood ratio testing suggested a good fit ftoe model and that fit was not improved following
the introduction of interaction terms e.g. sex dadrivation, age and sex

Reliability testing suggested good internal comsisy reliability for all the questionnaires:
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Table 14. Cronbach alpha, by QoL measurement tool

Questionnaire Cronbach’s alpha
EQ-5D 0.70
PCS 0.86
MCS 0.84
MacNew Global 0.95

Spearman’s correlation coefficient was assessedeeet EQ-5D utility index and MacNew
global; PCS and MacNew Physical; and MCS and MacBeetional.

Table 15. Correlation matrix of QoL measurement tots

Spearman’s rho, p value

EQ-5D utility index  PCS MCS
MacNew global 0.52, <0.001
MacNew physical 0.65, <0.001
MacNew Emotional 0.74, <0.001
PCS MCS

The coefficients were found to be larger betweenrthated dimensions (e.g. PCS and MacNew

Physical functioning) than the global scores (EQ&sid MacNew global).
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At baseline, a small number of patients were fotmtave conditions associated with significant
frailty: 5 had dementia (1 in ther0 year old group); 2 were confined to bed (1 =R0 year old
group); and 39 were incontinent of bowel or blad@er in the>70 year old group). Using the
“usual activities” domain of EQ-5D as a proxy foDB; 10.4% participants reported that they
were unable to perform their usual activities atddime. Overall, there was a statically significant
difference in usual activities score between baseind 3 months (10.4% vs 3.2%, p<0.001).
Comparisons between change in score in elderlyyaehger patients was not possible due to

small numbers (e.g. the assumptions of the stzidists were not met).

4.3.1. Strengths and Limitations

Assessment of QoL was undertaken using both geaedcdisease specific QoL questionnaires.
The aim was to recruit consecutive patients in téalpractice. Cardiac Research Nurses at
GJINH were responsible for recruitment and baselata collection. Although, the nurses did not
record actual response rate, routine PCI data thenGJNH suggest that an estimated 18% of the
eligible study population was recruited. Contribgtifactors to the lower than anticipated
recruitment rates include the length of the questaire and the rapid same day discharge process.
This resulted in loss of potential participants tuéme constraints, which could potentially resul

in issues of generalizability. In addition, selentbias may have occurred, especially if there were
systematic differences between participants andpaoticipants. However, in keeping with data
from the secondary data analysis of SCRR (see €aptl and 4.2), elderly patients enrolled in
ReQoL were more likely to have severe disease,ndlyfahistory of CAD, and have had a
revascularisation procedure in the past, suggesti@gample could be reasonably representative
of the target population. As discussed, there cdaddissues of generalisability in the study,
finding similar patterns in the baseline differemdetween elderly and younger patients, suggests
that comparisons in outcomes between elderly anchger patients can still be undertaken. This

would allow comparisons in outcomes between eldmnly younger patients.

There were advantages associated with the adnaitissirof the baseline questionnaire by the

Cardiac Research Nurses, for example improved catiopl rates. Participants were able to ask
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for clarification and assistance with questionnafeetors that may be particularly important in
elderly patients who may have problems with vismsrwho may have found the length of the
guestionnaire challenging. While participants ctetgal the 3 months questionnaire without such
support, the initial facilitation may also have re@sed confidence in participants’ perceived
ability to self-complete the same questionnaire¢hmonths later. However, potential limitations
include information bias; the Cardiac Research dairgere not blinded to the research question
and their support may have influenced responses. addition, nurse facilitation of the
guestionnaire at baseline could have impacted sporeses to potentially sensitive items, for
example, the question about sexual activity in MecNew questionnaire; or the question on

continence.

This was also a single-centre study, and it isiptessthat unique characteristics of the patierts, t
physicians, or the institution may limit the gerizability of these results. However, it does

improve consistency of management and recordirzpeéline characteristics.

An additional concern is that only 79.7% of theigrais involved in baseline analyses completed
3-months follow-up. However, loss to follow-up istruncommon in studies of QoL following

PCI. Sperugt af®* had an attrition rate of 31% and may be offsethieybenefit of a cohort that is
more representative of the general patient pomurlatndergoing PCI than a secondary analysis of
patients enrolled in a clinical trial. Although ahrcting these analyses in the context of clinical
trials may allow higher rates of follow-up, theesglon bias of who gets enrolled into the clinical

trials may significantly offset this benefit.

Data on clinical outcomes, such as MACCE were ndilable for this cohort. these may

wellhowever, these may well be influenced by adwetsical outcomes such as MACCE.
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4.3.2. Discussion of the main findings

Following PCI, mean QoL improved in both elderlydayounger patients. Using the SK42

elderly participants had higher baseline MCS butelo PCS. After adjusting for baseline
differences, QoL (both physical and mental componenelderly patients improved as much as
younger patients, following PCI: MCS 50.0(SD 10td) 53.0(SD 11.9) vs 46.7(SD 11.1) to
49.7(SD 11.1), p=0.652; and PCS 37.6(SD 10.1) t8(8D 10.1) vs 39.7(SD 10.0) to 45.6(SD
10.8), p=0.373). Similar findings were seen whea tEQ-5D or MacNew tools were used to
assess QoL. These findings suggest that elderigrmatbenefit just as much from PCI than

younger patients, irrespective of the measurenuoent t

A Cronbach’s alpha of 0.95 was found for MacNew chhsuggests that the questionnaire had
good internal consistency and the Spearman’s atioel coefficient suggests that the physical and
emotional domains correlate well with the mental physical domains of the SF+32

The questions designed to assess frailty were fooire of limited use in this population; given
the small numbers with significant frailty. Thedllg explanations for this are (i) this is a group
already selected to have an invasive procedurédiy ¢linician; (ii) the question on incontinence
failed to map to the Rockford levels as it did rbstinguish between bowel and bladder
incontinence, and (iii) no physical assessmentraifty, such as, grip strength or walk test was
used. The usual activities question from the EQwiDe used as a proxy of ADL and did show a
statistically significant improvement after PCI; vimver, numbers were too small to allow

comparisons between elderly and younger patients.

The findings from the analysis of coronary angipimaand PCI secondary data analysis suggest
that there is a higher threshold for the investigaand management of CAD in elderly patients
and that elderly patients have a higher risk ofeaslr outcomes. In keeping with the systematic
review of the literature in Chapter 2.3, ReQoL @on$ the QoL benefit of PCI for elderly
patients. However, deciding who will most benestrisk is challenging. Currently many tools are
used to assist with clinical decision making inéudhronological age e.g. PTP. However, there is
growing interest in the use of biological markefsageing (such as LTL) to predict incidence,

prognosis, and who would most benefit from invasnxgestigations and/or management of CAD.
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The first stage in assessing whether LTL could bedufor this purpose is to investigate the
association between LTL and the presence and sg@fCAD. This association was assessed in
this thesis in the Biomarkers of Ageing in CAD stutor results of this study, see Chapter 4.4

below).

4.1. Biological ageing in CAD

One thousand eight hundred and fifty-two partictpawere recruited at the GJINH from

Table 16. Baseline characteristics of study partipants by presence or absence of

CAD No-CAD
1,350 (73.1) n=496 (26.9) P value*
Age (mean, SD) 63.0 (10.7) 62.6 (11.4) 0.487
Male 972 (72.0) 378 (59.2) <0.001
Current smoker 374 (30.9) 94 (22.1) 0.001
CCS angina score

0 (none) 128 (9.9) 151 (32.0)

I 124 (9.6) 54 (11.4)

Il 486 (37.5) 169 (35.8)

1] 424 (32.7) 66 (14.0)

IV (severe) 134 (10.3) 32 (6.8) <0.001
Obese 505 (40.1) 193 (42.1) 0.541
Diabetes mellitus 268 (20.3) 77 (16.0) 0.041
Hypertension 899 (71.2) 297 (64.9) 0.011
Extra-cardiac arteriopathy 236 (18.7) 82 (17.9) 0@.7
Renal impairment 23 (1.8) 7 (1.5) 0.671
Left ventricular dysfunction ** 200 (43.1) 12 (13.6 <0.001
Multiple comorbidity 1031 (76.4) 332 (67.0) <0.001
Previous AMI 749 (63.5) - -
Previous PCI 323 (29.4) - -
Previous CABG 123 (11.4) - -
Family history CAD 865 (70.1) 292 (65.2) 0.054
Deprivation (SIMD)

Most deprived quintile 467 (34.8) 162 (32.7) 0.406
Least deprived quintile 201 (17.5) 79 (18.4) 0.670

*Pearson’s;’ test **70% values missing

CCS Canadian Cardiovascular Society; AMI: acute r%%b?z’minfarction; PCI: percutanteous coronary intetien;
CAD: coronary artery disease; CABG: Coronary artenyasg grafting. SIMD: Scottish Index of Multiple Dig@tion



consecutive patients attending for coronary angiplgy. Of these, LTL was successfully
measured in 1846 participants. Of these 1846, 73(0t%4350) had evidence of CAD on
angiography or were known to have had a historyAbfl, PCI or CABG. The baseline

characteristics for these participants is showhabhle 16.

Those with CAD were more likely to be male, curhgisimoke, have a higher CCS angina score,
and have multiple comorbidity. They were no mokelly to be older, have a family history of
CAD or be from the most deprived SIMD quintile.

Mean relative T/S for the whole cohort was 0.87B (&210) with a range of 0.160 to 2.208.
Decreased relative T/S was associated with inargaage (see Figure 20) however only 3.3% of
the variance in relative T/S can be attributedge. a

Relative T/S (Telomere length)

y = -0.0035x + 1.095,

R?=0.033

20 40 60 80 p<0.001
Age

Figure 20. Scatterplot of age and leukocyte telomerength (determined by by relative T/S)
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On univaiate analysis, mean relative T/S appeardxkthigher in patients with CAD compared to
those without CAD (0.890 (SD 0.207) vs 0.869 (0)21H4owever, this was not found to be
statistically significant, p=0.064.

No statistically significant association was fouhdtween LTL and sex (p=0.068), smoking
(p=0.239), deprivation (p=0.382), or comorbidity(p268).
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Figure 21. Scatterplot of age and leukocyte telomerlength, by presence or absence of

coronary artery disease.

After adjusting for age, sex, current smoking satibesity, comorbidity, deprivation, and family
history, no association was found between CAD atative T/S y=-0.009x + 1.137, adjusted R
“0.033, p=0.365.

No statistically significant difference was founftea truncation at <=65 years of age or by

stratifying by gender, either on univariate or nwaltiate analysis.
195



2
!

15

Relative T/S (Telomere length)
1
|

2 y=-0.011x + 1.181,
R?=0.008
o -
30 40 50 60 p=0.543
Age
e NoCAD e CAD

Fitted values Fitted values

Figure 22. Scatterplot of age and leukocyte telomerlength, by presence or absence of

coronary artery disease (age truncated at 65 years)

On univariate analysis, there was a statisticafjgiicant difference in the mean age of those with
and without CAD: 55.9 (SD 6.74) years vs 54.8 (SDOY years of age, p=0.007. However, no
such difference was found in mean T/S ratio: 0.&823 0.202) vs 0.918 (SD 0.226), p=0.063.
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Relative T/S (Telomere length)
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Figure 23. Scatterplot of age and leukocyte telomerlength, by presence or absence of
coronary artery disease: (a) females (b) males
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Of the 1,350 patients known to have CAD (by angapghy or by clinical history of AMI, PCI, or
CABG), 262 (19.5%) had no evidence of significaminssis on angiography. Of the others, 508
(37.7%) had single vessel disease; 445 (33.0%)hdtivessel disease; and 132 (9.8%) had LMS
involvement. There was no staistically significaifterence in relative T/S length by severity of
disease: 0.875 (SD 0.211) vs 0.875 (SD 0.212)8800(SD 0.203) vs 0.867 (SD 0.200), p=0.670

After adjusting for age, sex, current smoking satibesity, comorbidity, deprivation, and family
history, no association was found between CAD atative T/S y=-0.002x + 1.086, adjusted R
~0.0217, p=0.891.
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Figure 24. Scatterplot of age and leukocyte telomerlength, by severity of coronary artery
disease (by number of stenosed vessels).
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Overall there were 16 (0.88%) inlab complicatidds.deaths occurred in the cohort. There was
one infarction leading to a VF/VT arrest which veagessfully managed within the catherter lab.
The most common comlication was occlusion or digseo®f the coronary artery (n=9). No
association was found between the occurrence alb isdmplication and telomere length (0.874
(SD 0.005) vs 0.915 (SD 0.542), p=0.4395).

SYNTAX score was available for 922 of the particiawho had evidence of stenosis on
angiography. Syntax score ranged from 0 — 73.%) witmean score of 17.7 (median 15). On

univarate and multivariate analysis, SYNTAX scoraswot found to be associated with relative
T/S.

Relative T/S

y=-2.79x + 20.14, R=0.002,
p=0.150

0 20 40 60 80

® Relative T/S Fitted values

Figure 25. Scatterplot of age and leukocyte telomerlength, by severity of coronary artery
disease (by SYNTAX score).
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4.1.1. Strengths and Limitations

This is a large cross-sectional study of unseleci®asecutive cases attending a single large
regional institution. While this may raise issuesumd generalisability, it has the advantage that
there is consistency of approach to managing pati@allowing the most up-to-date European

guidelines from the ESC). In addition, consistemcgpproach to recruitment and data collection,
reduces selection and information bias. Recruitmmnthe GJNH finished well within the

timeframe expected, suggesting a high recruitmegetwhich will reduce selection bias.

The analysis adjusted for common confounders @dighted in the introduction to this thesis, as
being associated with both CAD and LTL) such as, agx, current smoking status, obesity,
comorbidity, deprivation, and family history. Howasy it was not possible to adjust for those
variables not routinely collected by the datab&se. example, individual socioeconomic status,
rather than the area-based measures in the databesédeen associated with LTiIn addition,

inflammatory markers (IL-6 and CRP) and lipid lesselere not available at the time of analysis. It
was also not possible to assess the influencerdios@scular drugs on the association between

LTL and CAD. Therefore, residual confounding in gtedy cannot be excluded.

A limitation of the study is that the comparisomgp comprised of those undergoing angiography
for symptoms suggestive of CAD, rather than usingample from the general population.
However, this study design has made it possibless®ss the association between LTL and CAD
in a real life population referred for, and atterglifor, an invasive investigation for CAD. In
addition, coronary angiography is considered asdbkl standard” investigation for the diagnosis
of CAD, therefore, reducing misclassification bias.

Generally data completeness was >90% for most @iear such as smoking status and quality
assurance of the data in the clinical system isstiallen on a regular basis for audit purposes.
However, not all patients had undergone echocardpbty prior to coronary angiography,
resulting in a low proportion of patients with a asarement of their left ventricular ejection
fraction. This is likely to be less of an issue fioture studies using this database because the ESC
guidelines now recommend echocardiography priaroi@nary angiography. The case definition

of CAD took past medical history of AMI, CABG, arRCl into consideration as well as the
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angiographic appearance. Severity of CAD was asdessing 2 methods: number of stenosed
vessels and SYNTAX score.

LTL was measured using Real-Time gPCR by ShielsTale CoV was found to be 0.51%, which
shows a high degree of precision for the techniduee LTL was based on all populations of
leucocytes rather than a specific sub-populatimwedver, it is not clear if this is strength or a
possible limitation of the study.

4.1.2. Discussion of the main findings

This cross sectional study design was used to figats the association between LTL and the
presence, and severity, of CAD. Those with CAD wee likely to be male, currently smoke,
have a higher CCS angina score, and have multgptedidity. This suggests that males are more
likely to be diagnosed with CAD in this populatidncidence and prevalence of CAD is known to
increase with age; although, age was not assocratadan increased likelihood of having a CAD
in this study. However, this is a population whosdngresented with symptoms suggestive of
CAD, been referred for coronary angiography, aneed to be in the study; making comparisons
with general population difficult. In addition, the findings suggest that the character and severity
of pain (based on the CCS) is an important indicatothe presence of CAD on coronary
angiography.

No statistically significant difference was fourmd mean LTL T/S ratio between those with and
without CAD (0.87 (SD 0.21) vs 0.89 (SD 0.21), #1), even after adjusting for baseline
characteristics. Therefore there is no evidencamfssociation between LTL and CAD in this
population. LTL was no better than chronologicak a@t predicting the presence of CAD,;
suggesting it would be of little use as a biomarkrgeing in this population. No significant
difference was found between LTL T/S ratio and séyvef disease irrespective of which method
was used (number of stenosed vessels or SYNTAXescor

201



Similar to the findings in Chapter 4.1 of this tiseshere was a low complication rate (0.88%)
associated with coronary angiography, suggestingt tboronary angiography is a safe

investigation.

5. OVERALL DISCUSSION.

5.1. Discussion of thesis findings

Chapter 4.1 and 4.2, of this thesis, demonstrétaideiderly people account for an increasing
number and proportion of patients presenting feritivestigation and management of CAD,
however, Chapter 4.1 and 4.2 also demonstratedh&dhreshold for investigation, via coronary
angiography, and subsequent intervention, using W€ higher among this increasingly large
group of patients, even after taking account ofrawbidities. This suggests a chronological age-
based inequality in access to investigation aratriment. Inequality might, nonetheless, be
justified if the risks were unacceptably high onbfits less among elderly patients. However, this
is not the case. Section 4.2 demonstrated thatlglolatients do have a higher risk of early
complications than younger patients, but their Alisaisk was, nonetheless, low suggesting that

coronary angiography and PCI are safe procedunesrform in the elderly.

PCl is performed to improve symptoms and therelnl,,@ather than survival. The systematic
review undertaken in section 2.3 demonstrated@uwdt following PCI in octogenarians improves
at least as much as younger patients. In addiiectjon 4.3 the primary research project, ReQoL,
showed that following PCI, the QoL of elderly pat®improved at least as much as in younger

patients. Therefore, PCl is both a safe and effeqirocedure for elderly patients.

There is currently much interest in whether biorneaskof ageing may provide a better
measurement of “miles on the clocR.If so, biomarkers of ageing may be a better Hasis

clinical decision-making (than chronological age)l grovide a better means of judging equality
of access based on equivalent need or the potémtiatjuivalent benefit. A number of biomarkers
of ageing have been explored, including telomengtle However, Section 4.4 demonstrated that
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telomere length is no better than age at predit¢hegresence of CAD and therefore is unlikely to
be a useful biomarker of ageing in CAD.

5.2. Comparison of thesis findings with the literature

Chapter 4.1 demonstrated that the total numbergaigad of coronary angiography undertaken
in Scotland had been increasing until the mid 20d@8s may be explained by increasing
prevalence of CAD and changes in the thresholdrfeestigation by coronary angiography.
Other countries, such as the U%A Israef’”® and Pakistan, have also seen similar patterns

of increases in coronary angiograghy.

Also in keeping with other studies, Chapters 4.1l 42 demonstrated that elderly patients
(aged >75 years of age) represent an increasing number prodortion of those who
undergo coronary angiography and PCI in Scotla@doarke et al®>’’ used comprehensive
routine national Irish hospital inpatient aatnd found that the proportion of those
having coronary angiography who were aged >70syisareased from 19% in 1997 to 31% in
2007. Rajaniet al*"®also found that the number and proportion of ejdpdtients (defined as
>80 years of age) attending the Royal Sussex Cddosypital between 2000 and 2008 for PCI,

increased from 5.8% to 12.2%.

In common with the findings of this thesis, poas studies have shown that older age
was associated with an increased likelihood ofifigdevidence of both, any CAD, and
more advanced CAP?380381382kgtachaet al?”® found that those with angiographically-
confirmed disease were older than those with nonaom-obstructive CAD (mean age
61.1+11.3 years vs 67.0£9.9 years, p<0.001) andottus of having more severe disease
increased with everg0 years of age (OR 1.57, 95% CI: 1.57 — 1.95, @X0. Their
study used a 10%@ndom sample (n=539) of coronary angiograms, filor@e interventional
centres in Australia, which were reviewed by twopenenced, blinded operators and

defined stenosis as50% in a native major coronary artery or a maibufary. while in
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Chapters 4.1 and 4.3 stenosis was defined7@886 diameter stenosis of at least one major
epicardial artery segment 850% diameter stenosis in the left main coronargrgrt

In a study by Veerannat al®®' based on 631 consecutive patients aged 65 yeapsenr
who underwent coronary angiography, 21.7% were dotm have a Dukes Myocardial
Jeopardy (DMJY® score of <2. In our study, 24.2% of elderly pasewere found to have no
evidence of stenosis on coronary angiography; uaicgmparable definition of angiographic
disease (significant stenosis70% diameter stenosis of at least one major epalaadtery
segment; orr50% diameter stenosis in the left main coronargrgjt DMJ score was not
available in the data from the SCRR.

The high rates of CAD and more severe disease the elderly likely reflect a
combination of delayed presentation, delayed ingagsbn and more stringent referral or
investigation criteria. Sekhet af® found that, even when deemed appropriate, coronary
angiography was less likely to be performed in gras over 64 years of ag®mpared
with those aged under 50 years (HR 0.6, 95% CI=0140, p=0.031)

As presented in Chapter 4.2, elderly patients wase® more likely to have more severe
disease when undergoing revascularisation. The tireeds presented suggest that the
prevalence of multivessel disease decreased oglytl§i in the elderly (p=0.098), compared
with a 16.5% fall in younger patients (p<0.001)isTsuggests that the increasing numbers in
younger patients may reflect use of PCI in lesesex¢ases that may previously have been
treated by medical therapy alone. However, no Sgmt change in the threshold for
management appears to exist for elderly patientsergoing PCI. In contrast, the Royal
Sussex County Hospital coh8ftfound an increase in the proportion of calcifigmtuous and
LMS disease treated in the octogenarians over tDetailed data on lesion characteristics
were not available at the time of the analysisgmésd in Chapter 4.2 (therefore MVD or SVD
was used) while the Royal Sussex County Hospitabd&°used a different cut-off for elderly
(>80 years old) and included primary and rescue H@Ese may be responsible for the

differences in findings.
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Elderly patients have been shown to have an ineceask of early and late complications

following coronary angiography and PCI. Studieseéheaported a 4-5 fold increased risk of in-

_ 32,201 _ ) ) ) 5,32,201
hospital death, and a 4-6 fold increased risk of in-hospital MACE, among elderly

patients undergoing PCI. This thesis adds to ikesalture by comparing their risk of early
complications following coronary angiography. Thadence presented in Chapter 4.1 and
4.2 confirms that elderly patients do have an iaseg risk of early complications following
diagnostic angiography alone; follow-on PCI; and [.PElowever, the crude risk is
nonetheless low suggesting that coronary angiographd subsequent PCI are safe

procedures to perform in the elderly.

Among elderly patients the baseline risk profilereased over time. For example, the presence of
multiple comorbidity in elderly patients undergoiR§ | increased more than 4-fold from 2000-
2007 (6.1% to 21.9%, p<0.001) and the increasefinventricular dysfunction 37.7% to 55.4%
(<0.001). In spite of these trends over time, tisk of adverse events has not increased in the
elderly, and was shown to fall overall. This suggeéscreasing willingness to use PCI in patients
who might previously have been managed with medieiapy alone. In contrast, Rajatial’
found that rates of MACCE for elderly patients deetl between 2000 and 2008; however, no

information on trends in comorbidity is presentexdly morphology of lesions.

Over the period studied in both Chapter 4.1 and #any technical developments, new devices

and adjuvant therapies, have been shown to betigleat improving coronary angiography and

6,32,260,271,272,273 _ _ o -
PCI outcomes, and have been adopted into routine clinical pracdticScotland, as

elsewhere. For example, over the period studiedlogiment of coronary stents increased from
60% to 90% among elderly patients (47% to 93% amgognger patients) and the use of
ticlopidine or clopidogrel increased from 33% t&&among elderly patients (19% to 68% among
younger patients). In 1998, radial access was umsedly one patient. In 2008, it was used in 37%
of younger patients and 41% of elderly patientsesehfindings suggest that these advances have

been sufficient to offset the effect of worsenirgk profiles among patients.
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In contrast to the USA based study by Gaadal®** in which 96% of patients hadad
hoc” (follow- on PCI), only 24.1-34.5% of Scottish patie with CAD had a follow-on PCI.
European based clinical guidelines recommend thi&aw-on PCI is “reasonable for many
patients but not desirable for all” following poteth indications e.g. lesions with high risk
morphology? Elderly patients were less likely to proceed twaszularisation, either as a
follow-on procedure or over the subsequent yeaggessting a higher threshold for
intervention even among those with angiography ico&fd disease. This finding is also in
keeping with the literature on referral and managempatterns for CAD in elderly

patients>°0-38

Most studies have only been able to report in-Habmiomplications:®?2°*2**Thjs has the
potential to introduce bias, since length of stajéspital is longer in elderly patiefftand has
fallen over time due to an increase in day-casequiares> Through linkage to routine data
we were able to obtain outcomes up to 30-daysltmvieup for patients undergoing PCl and 1
year for those having coronary angiography, in bibth elderly and younger patients. In
Scotland, the follow-up information derived from BBIL has been shown to be as complete
and accurate as that obtained using convention&wiap method$>* Unlike previous
studies;*#?°13*4ye excluded patients presenting with AMI sinceube of primary and rescue

PCI has significantly increased over tiamed varies by ag&®

Chapter 4.1 and 4.2 examine increased risks as$sdamth coronary angiography and PCI.
These are undertaken to either investigate CAD withew to revascularisation or carry out
the revascularisation itself. PCI is generally utaleen to relieve the signs and symptoms of
myocardial ischemia. Therefore, given these rigks,important to assess whether or not PCI
improves symptoms and QoL in elderly patients. €heffects of PCI are more critical

considerations for patient and health service dmtimaking than survival — especially in

elderly patients where longevity benefits couldlioeted. However, self-rated QoL has been

shown to be of prognostic value for estimating ofkleath®®’
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In Chapter 4.3, the overall mean QoL was showmiarove in all participants, irrespective of
age, following PCI (e.g. EQ-5D: 0.7 to 0.8, p<0.08E-12,, PCS and MCS: 39.0 vs 44.6 and
47.8 vs 50.9, p<0.001). While follow up was limited QoL measurement, data linakge with
SMRO01 and GROS may be possible to provide datassess short and long-term clinical
outcomes. Similar findings of improved QoL have bdeund in a large number of other

studies which have demonstrated improvements in Qlidwing PC|244243 307.308

A number of these studies, including randomisedrodiad trials, have compared QoL outcomes
for OMT, PCI and CABG. QoL outcomes of the Clini€@ltcomes Utilizing Revascularization
and Aggressive Drug Evaluation (COURAGE) Trial amere published in 2007 In this trial,
2,287 patients with stable angina pectoris wereloarly assigned to PCI with optimal medical
therapy or to optimal medical therapy alone. A namtif issues have been highlighted regarding
this study: (i) it did not meet pre-specified asgtions about statistical power despite protocol
changes made after the trial was underway thaegI&CI at a disadvantage; and (ii) only a small
percentage of screened patients were included,scalaization was incomplete, 2/3rds of
patients had angina weekly or less frequently, 3d% of the medical therapy group needed
revascularization. In contrast, the study preseinte@hapter 4.3 recruitment was from routine

patients attending for non-emergency PCIl and 74%erh had a CCS of 4 or 5.

COURAGF"® assessed SAQ and SF-36 at baseline and at 3 mé8#tsof patients in the PCI
group and 42% in the medical-therapy group remaaregina-free. By 3 months, SAQ scores had
increased in the PCI group as compared with themaptmedical therapy group for: physical
limitations (p = 0.004); angina stability (p = 040 angina frequency (p<0.001); treatment
satisfaction (p < 0.001); and QoL (p < 0.001). Eheas improvement in all domains of the SF-36
in both groups between randomization and follow- atp1l to 3 months (P<0.001 for all
comparisons). This is in keeping with the findingghis thesis which used the SFK;ABecause
the shortened version SF-12 has been shown tolaterrieighly with the SF-36 in patients with
CAD.*® While theSF-12 provides less detailed information and maybecappropriate to use as a
clinical tool on an individual patient basis, itpnoves efficiency and lowers costs associated with
QoL research. Three QoL tools were used in thisish® allow comparisons to be made. Using
the SF-36 rather than the SKA®ould have resulted in an even longer patient tijpasaire.
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RITA-2%'® also used the SF-36 and had a 27% crossoverreate@MT to PCI. It demonstrated
that greater improvement in Qol was seen in the §Oup compared with the OMT with
significantly greater improvements in physical ftioging, vitality and general health at both three
months and one year, but not at three years. Reamits in ReqoL showed similar improvements

in QoL at 3 months. Longer follow up of participantas outwith the scope of this thesis.

Following PCI, mean QoL was shown to improve as lmas younger patients, even after
adjusting for baseline differences. This is simtiarthe findings in the Trial of Invasive Versus
Medical Therapy in Elderly Patients (TIMEY This trial compared two strategies for treating
symptomatic, stable angina in patients aged5 years. Results confirmed that an invasive
diagnostic angiography approach and, dependinghenrésult, PCI or CABG, significantly
improved QoL 6 months after the procedure. Thisrowpment was similar for men and women
with CAD despite the lower overall scores for wométowever, after 1 year, no significant
differences in mortality, MI, or symptom improventenere noted between conservative and
invasive strategies. This was primarily becauseth& time, 43% of patients who initially
qualified for pharmacological treatment underwevascularization because of recurring angina.
The TIME study, which looked at individuals aged5 years, attained similar results to those in
the Randomised Intervention Treatment of Anginal@RR) study?® which examined younger
CAD patients with a mean age of 58 years. In bajd groups, early improvement in angina
symptoms and QoL after invasive treatment for CAp PCI or CABG) disappeared with time,
after 1 year. Conversely, younger and older CADepét treated conservatively were found to:
have a greater incidence of non-fatal cardiovasapasodes and hospitalizations; use more anti-

anginal drugs; require revascularization more oftéence, their QoL was poorer.

Theile et al** used both SF-36 and MacNew to compare outcomesromatly invasive direct
coronary artery bypass surgery versus sirolimusrgjustenting in isolated proximal left anterior
descending coronary artery stenosis. Baseline Macdteres in the 65 patients receiving stenting
were similar to the population in the study in ttinesis for the emotional domain of MacNew (4.9
vs 4.9). However, physical and social domains efdtudy participants were lower (4.4 vs 4.9 and

4.7 vs 5.2 respectively). This is in keeping witie studies extensive exclusion criteria. There
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were no significant differences in SF-36 and MacNBwnains between stenting and surgery at
follow-up, adjusted for baseline. However, patieafter both stenting and surgery showed
significant improvements from baseline to follow-apall domains.

While RCTs provide the highest quality evidence egdlice the effects of bias and confounding.
However, they are primarily undertaken to allow pamsons to be made between PCI and
alternative management. As discussed, elderly matieare underrepresented in them.

Observational studies are more likely to provideeal world” perspective.

Using SF-36 and SAQ , Se& al>® did not find differences based on age in QoL af€l. At
observation times of 6 months and 12 months, thelgoas found similar levels of QoL in 295

patients aged 70 years as in 1,150 patients aged < 70 yearst hi3?°

observed 624 elderly
subjects with ACS admitted to hospital. QoL waseased at baseline and after 6 months by SF-
36. The authors found that QoL at baseline decdeadhy advancing age. However, even though
older patients were less likely to undergo angisiyld56% of patients aged 60—-79 years versus
21% of patients aged > 80 years), subjects fronottler group who underwent PCI experienced
the most improvement in physical health as compavéd younger ones. The investigators
suggest that age should not be an argument agairstary revascularization with PCI due to the

potential benefits in QoL.

Spertuset al??®

assessed QoL in 1518 consecutive non-acutely mregepatients, attending a
single centre in the USA, using the SAQ. This dsegpecific QoL 19-item instrument includes
physical limitation, change in angina symptoms,iaadrequency, satisfaction with treatment, and
QoL. The QoL scale directly assesses patient’sgptiens of their QoL by measuring enjoyment
with life, their satisfaction with current healtbatus and their fear of dying or having a heart
attack. Hoefer 2003° suggests that while both the SAQ and the MacNeestipnnaires are
valid, reliable, and responsive, the MacNew disorates better between angina grades. In this
thesis it was possible to assess the internal simaly of the MacNew Questionnaire in the study
participants. The Cronbach’s alpha of 0.95 suggéststhe questionnaire used in Chapter 4.3 had
good internal consistency and the Spearman’s atioal coefficient suggests that the physical and

emotional domains correlate well with the mental physical domains of the SF+32
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Permanyer-Mirald&t al***found that, in a group of 106 patients. the Notiam Health Profile
and the DASI both statistically significantly immexd at 1 month and 3 years following PCI.
Baseline characteristics of this cohort shows thdtigher proportion had milder symptoms at
baseline compared with the study in this thes&%¥/s 4.7% - based on CCS).

Similar results were obtained in the study by dadaset al°? Patients with stable angina (n =
110) were assessed by the SAQ before PCI and fetlayp for 1 year. Authors demonstrate that
there was an improvement in all SAQ scales aftgedr in most patients treated with PCI (68% of
patients were free of angina 1 year after PCl)nintivariate analyses, QoL before the procedure
was the main positive predictor of improvement iaLQThis confirmed the positive impact of
PCI on symptom relief in chronic stable anginavergday clinical practice.

Nashet al>®

examined the baseline predictors of QoL in 1,18%epts before angioplasty. They

found that poor QoL at baseline (low physical comgd (PCS) and low mental component
(MCS) scores on SF-36) acted as an independentdetat of improvement from angioplasty 6

months after the procedure. Suggesting that ba&sé)aL should be taken into consideration
during multivariate analysis. However, there is muaebate regarding the use of baseline QoL
measures in modefé! Therefore, the multivariate models in this thesisewun with and without

baselines measures with little impact on the oVéralings3*2

With decreased incidence of restenosis associatdd dmug eluting stents and the consequent
decrease in recurring angina symptoms; stents dhleald to greater improvements in QolL.
Recently published data from the Rapamycin-Elutgignt Evaluated at Rotterdam Cardiology
Hospital (RESEARCH) Regist?y’ compared drug eluting and bare metal stents. Nuwar 800
consecutive patients (mean age, 62 years) treatbdP€I| with deployment of sirolimus eluting
stents (SES) or BMS were involved. At inclusion,0%b of participants suffered from stable
angina. Patients were not randomized to stentaygeQoL was measured with SF-36. At 1 month
59% of patients had good health status after P@is Tvas maintained until 12 months. In
addition, they found that poor QoL at baseline walictive of higher mortality at 6-year follow-

up, and this effect was independent of demographit clinical characteristics. The authors
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recommend that patient-reported health status dhoeiladopted in standard clinical practice for
identification of high-risk CAD patients, who wible (or already have been) treated with drug
eluting stents. In this thesis some 68% of pardiotp had a drug eluting stent rather than a bare
metal stent deployed. Including stent type deployegd the multivariate analysis in Chapter 4.3
had little impact on the overall findings and dwt improve the fit of the model.

Pedersert al>* also assessed QoL using the MacNew questionma67 consecutive post PCI
patients. They used global MacNew score to assg#ssfr MACE following PCI based on having

a good or poor score. A poor score was definedefisghin the lowest tertile. similar to the
findings of the RESEARCH registry, they found ttledter a median follow up of 2 years
incidence of early MACE was higher in patients watpoor score. While outwith the scope of this
thesis, data linkage of ReqoL participants to SMROdId be undertaken to assess short and long
term MACCE outcomes.

Sipotzet al®"?

assessed Qol before and after PCI in 163 patiemnts 7 cardiovascular care units
in Austria, using the MacNew questionnaire and HABIBspital Anxiety and Depression Scale).
Participants were aged between 18 and 80 yearsvareltreated with a drug eluting stent called
Xience. Their main aim was to describe changes RQBL and mental distress. Improvement
was seen in the MacNew score following PCI. Thesodound a strong correlation between
MacNew score and HADS. While this thesis did na HADS, this finding is in keeping with the
strong correlation found between MacNew emotiomalres and the SF-12mental component
score (0.74), suggesting that the MacNew emotisoate is a useful way of assessing emotional
status. In addition, the MCS derived from SF-36 Ishown significant correlation with the
MacNew emotional score in cardiac patiefitsSipotzet al®’?also found that 48% of patients
achieved or exceeded the MacNew MID of 0.5. In @stf ReQol found 73.8% of elderly and
77.9% of younger patients achieved the MID. Howeteis may be because of differences in
baseline characteristics, the wider age range,tm$sllow up (which was 53% for the SipGet

al.**study), and that the MID was based on 1 monthsP@srather than 3 months.
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Only a small number of studies have failed to destrate a benefit from PCT>**Hambrechtet
al.**® randomised 101 male patients to receive either baths of exercise training or PCI

following positive angiography. They demonstrategpiovements in CCS class by physician
blinded clinical assessment which were similar athbgroups. However, no QoL tool was used
and most of the patients in the study had only medércise-induced clinical symptoms and a
preserved left ventricular systolic. The seconalgt patients who were considered unsuitable for
any revascularisation, salvage PCI (defined withaaded disease but faced with “no option” as
they were experiencing ongoing intractable sympjodid not improve QoL but did slightly

improve angina status compared with baseliheGiven the baseline characteristics of the
participants, neither of these studies are dirextijmparable with the study in this thesis. So far,
the MacNew hasn't been used to compare differemce@oL following PCI in elderly and

younger patients or in the UK to assess QoL impreas following PCI.

In keeping with the systematic review of the litara in Chapter 2.3, ReQoL confirms the QoL
benefit of PCI for elderly patients. In addition &fer 4.2, shows that elderly patients are at
increased risk of complications following PCI (atlgh absolute risk is small). However,
deciding who will most benefit vs risk is challengi Currently many tools are used to assist with
clinical decision making include, chronological agg. PTP. There is growing interest in the use
of biological markers of ageing (such as LTL) tedict incidence, prognosis, and who would
most benefit from invasive investigations and/onagement of CAD. The first stage in assessing
whether LTL could be used for this purpose is t@estigate the association between LTL and the
presence and severity of CAD. In Chapter 4.4 no@ason was found between LTL and CAD in

%3,352, 33

This finding is consistent with a number of othéservational studié While others have

found an inverse association between LTL and G373

it has been suggested that telomere
shortening might contribute to atherosclerosisufgrovarious biological ageing pathways, such as
cellular senescence. For example, the accumulatiosenescent cells, a prominent feature of
atherosclerotic plaques, has reduces the regevenatitential of affected tissues and promotes

apoptosis, which can further exacerbate inflamnyateactions, and endothelial dysfunction.
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Also consistent with previous studies, an inversktionship was found between LTL and
chronological agé******® This is in keeping with what is known about agkted telomere
attrition and demonstrates validity of the quatiite real-time PCR undertaken by the Shiels lab.
However, debate exists as to whether a variabla ascLTL, that is related with age, can be a
strong “age-independent” determinant of anotheiabée, such as CAB® Despite this, age
explained only 3.3% of the variation in telomenedth and age was adjusted for, in the analyses.

The comparison group used in Chapter 4.4 comprisedhose with normal arteries on
angiography or those who had a history of CAD basetiaving a previous PCI, CABG, or AMI.
Angiography is undertaken primarily to investigatamptoms associated with CAD (73.1% of
those attending for angiography) or as an investigaf another cardiac problem such as valvular
heart disease (21.4%), often prior to surgicalrirgrtion. Similarly, Samarét al>** compared 10
cases with severe CAD and 20 controls, who hadogngphy undertaken to investigate valvular
heart disease or chest pain of uncertain origlithey used Southern Blot with an interassay
variation of 0.8%. Unlike the study in this thedisey found cases had mean terminal restriction
fragments 303 bps shorter: equivalent to 8.6 ygammger. However, the study in this thesis has

much larger numbers and has been adjusted for consor@ounders such as sex and deprivation.

A similar approach was also used by Carlqusta® who recruiting consecutive patients
attending for angiography in Utah, USA. Similarthe population presented in Chapter 4.3, mean
age was ~63 years of age and there weas a greaparfion of men than women. Sixty-two point
two percent of the Utah patients were found to ha¥® on angiography compared with 73.1%
here. It is unclear from this conference abstrdcthis was solely based on angiographic
appearance or if, like in the thesis, includedséhwith a clear history of CAD based on history of
PCI, CABG, or AMI. They found that longer LTL wassaciated with a decreased risk of CAD
only in univariate analysis (OR=0.54, p<0.0001) toit in multivariate.

Mukherjeeet al3*?

recruited 238 consecutive Indian patients admitted single centre hospital
for coronary investigation or treatment of CAD (746t diagnostic angiography, 20 for PCI and
6% for CABG). Cases were matched to control for, g, BMI, and smoking history, with no
statistically significant difference in fastingilifs. unlike the participants presented in Chapigr 4

Controls in this study were drawn from the gen@ebulation rather than those used in Chapter
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4.4, who had negative angiographic findings. Theyenassessed as being free from CAD based
on self-reported history, Rose Angina Questionnaared medications list. In cases, CAD was
defined as the presence>d0% stenosis of coronary arteries compared with%o in the study in
this thesis. No indication is given if participantsuld have had a previous history of PCI, CABG,
or AMI Unlike the vast majority of studies, inclundj the study in this thesis, the authors did not
find an association with age. The authors sugdestsurprising finding may be related the wide

age range and Indian ethnicity of the subjects.

Kurz et al>*° also recruited participants prospectively fromigrés undergoing elective coronary
angiography. Cases (n=64, mean age 77.2+5.2 ywars)those undergoing investigation of CAD
prior to valve replacement surgery for critical aifit aortic valve stenosis (CAC). Controls
(n=129) were those without CAC on direct measurdnaérthe aortic valve pressures during
coronary angiography (mean age 75.9+4.3 years)le/fhere was an association between LTL
and CAC, no significant association was found betw€AD and LTL, in cases or controls, even
after “investigating for possible confounding” (o#s not presented in the paper). LTL was
measured using Southern Blot with an interassajahiity of 7.8%+7%. In addition, to the
validation provided through the inverse associatath age, the CoV in this thesis was found to
be 0.51%, which shows a high degree of precisiohi® technique (in comparison to the Kuetz
al. study). This is consistent with similar quantiatiReal-Time PCR studies from Shiels the
laboratory?*%% |t is also much lower than suggested by theditee generally for the for gPCR
(6.45% suggested by Aviet al'®), and even lower than the 1.74% attributed to [Senat Blot.
The CoV of other published studies assessing thecagion between LTL and CAD range from
1.28-9%, as shown in Chapter 2.4.

A number of populations based cohort studies hasessed incidence of developing CAD.
344.3393%Fhese longitudinal studies offer the benefit ofeasing the temporal nature of the
association thus providing more evidence towardausal association. However, these studies are

heterogeneous in nature with differences in studgighs (e.g. retrospective or prospective),
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populations (e.g. confined to elderly participdff)s LTL analysis method; and CAD endpoints.
Evidence from large high quality studies with rabasljustments for potential confounders

suggest that there is likely to be a modest assogibetween LTL and CAD outcomes.

Weischeret al®*’

using participants in the Copenhagen City Heardgtand the Copenhagen
General Population Study, demonstrated multifagligriadjusted HR for the shortest versus the
longest decile of telomere length of 1.24 95% @111.53 for CAD. Suggesting only modest
increased risk of CAD. Adjustment included inflantorgg markers and lipids but also physical
activity, alcohol intake and, in women, menopawsatus and hormone replacement therapy. The
CoV of quantitative real-time PCR was 2%. The stpdgulation consisted of 19,838 participants
followed up for up to 19 years. There were 2,03& vdeveloped CAD within the follow up

period.

There is increasing evidence to suggest that patdsiomarkers of ageing may be influenced by
early life factord® (such as intrauterine and early years environmeiti)) telomere length known
to undergo rapid loss until ~5 years of age, afthich it appears to plateau until gradual loss
begins in middle age. Past studies have shownlib#-25% of screened adult subjects might
even increase their telomere length over tifig@his has been criticized because ageing is known
to display a unidirectional progression, and thmeefit is thought to be unlikely that LTL
increases with age. Apparent lengthening may lesaltrof changes in peripheral blood stem cells
or shifting patterns of leucocyte sub-populatiohs.a one off LTL measurement was used in this
thesis, it is not possible to assess changes owgr. tin addition, data on early years life
experiences were not assessed. Debate existsthe tenefit of measuring telomere length in
different subpopulations of leucocyte celldowever, in the study in this thesis, we measordg
leucocyte telomere length as an average of totaevdells rather than TL in separate leucocyte

subpopulations.

A number of studies have shown an association letwdL and adverse MACCE outcomes in
those with existing CAD>***"*®Ruff et af*® and Perez-Riverat al®*’ used populations who
attended with ACS and found that short LTL was regip associated with subsequent AMI.
However, Farzaneh-faet al®° in the San Francisco based Heart and Soul Studgdfan

increased risk of death and heart failure but ricd subsequent CV event. Exclusions included
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those with a previous history of AMI in the lastidnths, those who deemed themselves unable to
walk 1 block, or those planning to move out of #iea. These exclusions limit the generalisability
of the findings to a population of people with CAfftending clinics. Carlquist al>®* followed

up patients who had undergone coronary angiogrémhg median of 9.2 years and found that,
after adjustment for a number of baseline charmtites (including medication use, number of
stenosed vessels, and hyperlipidaemia), longer Wak associated with decreased risk of death
(HR=0.51, p<0.001) but not with AMI or CVA . It wibe possible to link the cohort in this thesis
by datalinkage to: SMRO1, for hospital dischargeROS, for death data; and to the SCCRR, for
angiography and revascularization procedures.ddfitian, for those without evidence of CAD on
angiography, similar long term outcomes and inatgenf CAD can be assessed. It has been
hypothesised that, by reducing the proliferativeeptial of vascular smooth muscle cells, cellular
senescence promotes the thinning of fibrous capstla® instability of atherosclerotic plaques,

therefore making rupture and subsequent AMI muctertikely**°

Calvertet al>*®

included 170 patients with stable and unstablenangyho were referred for PCI
and underwent 3-vessel virtual histology intravéascultrasound. Shorter LTL was found to be
associated with high-risk plaque morphology buttotal 3-vessel burden; adding to the evidence

that leucocyte ageing is involved in vulnerablegpla formation.

The literature suggests that cardiovascular drugyg impact on telomere biology (eg, in relation

to treatment by antihypertensiv&®). It was not possible to assess the influence of
cardiovascular drugs on the association betweendd CAD in this thesis. It should be possible

to review clinical records and elicit such informat on medications used by the participants in
this study. However, this is outwith the scopehi$ thesis.

Another limitation is whether using LTL reflectsethissue cell telomere length in coronary
arteries. However, there is evidence to suggestthigacorrelation in telomere length between
leucocytes and other tissues (including vascuksug) in healthy humans is strdAg*** In
addition, LTL derived from peripheral blood has Mbeassociated with the presence of
atheroscleric plagues in the carotid arteries; hawneit was not found to be a proxy for local
plaque telomere lengti* Further research is required to assess the ctiorelaetween LTL and

coronary artery endothelial cells and/plaques, tviniay show stronger associations with CAD.
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Further analysis of the blood collected in this prtould be undertaken to assess inflammatory
markers (such as IL6 or CRP). As discussed innbeduction, although inflammatory markers
are non-specific, abnormal values are thought dicate clinical or subclinical levels of chronic
inflammation that contribute to the ageing procegsossibly through oxidative stress. Senescent
cells are associated with a high level of intradel ROS and accumulation of oxidative damage
to DNA and proteing® Telomere shortening is considered to be one ofniagor cause of
replicative cellular senescence and is increasedrasult of mild oxidative stre$&’®’? They are

also thought to contribute to the development andnession of atherosclerogfg:30*:302:303.304

Controversy exists as to how appropriate the udelomere length is as a biomarker of ageing,
particularly as studies move from laboratory basepopulation based observational studi&s’’
Therefore, exploring the association between atéra biomarkers of ageing and CAD would be
useful. Particularly in this population where ns@sation was found between LTL and CAD. In
addition to inflammatory markers, blood collectedn the participants in this thesis can be used
to measure other biomarkers of ageing such as CRKMEGs, Fetuin A, Sertuins 1-9,
homocystine, and DNA methylation. All of which haween associated with ageing and

atherosclerosis in humans (see Chapter 1.1.4ftdles discussion§’:98:99:100.101,104.105

6. OVERALL CONCLUSION

Population projections from GROS suggest that thenpmenon of population ageing will

continue in Scotland for at least the next 25 yea@hss demographic trend is likely to result in a

rise in the prevalence and complexity of degenesatisorders such as CAD. Therefore, elderly
patients are likely to represent an increasing @itign of those presenting for investigation and
treatment of CAD, with resultant implications foedith services in the future. Chapters 4.1 and
4.2 demonstrated that elderly people do accountafoincreasing number, and proportion, of
patients presenting for the investigation and mansnt of CAD and that over time the baseline
risk profile has been increasing. This demograpieied, together with changes in patient selection
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and case mix, will likely increase the underlyingkrof periprocedural complications. However
the time trend data for PCI complications preseimiedhapter 4.2 suggests that we have managed
to offset this effect, presumably as a result chitgcal improvements and the adoption of new
devices and adjuvant therapies. However, furtheeldpments may be required if we are to avoid

worsening outcomes in the future.

Chapter 4.1 demonstrated that the threshold foestigation, via coronary angiography, and
subsequent intervention, using PCI, was higher gnbis increasingly large group of patients,
even after taking account of co-morbidities. Thiggests a chronological age-based inequality in
access to investigation and treatment. Inequalightmnonetheless, be justified if the risks were
unacceptably high or benefits less among eldertieps. However, this was not found to be the
case. Chapters 4.1 and 4.2 demonstrated that \eldatients do have a higher risk of early
complications than younger patients, but their Alisarisk was, nonetheless, low. This suggests
that coronary angiography and PCI are safe proesdur perform in the elderly. These findings
have significant implications for the delivery adrdiovascular clinical services to an increasingly
important sub-group of patients. Further invesiayaof referral patterns and apparent thresholds
are required, using populations referred for CAestigation and not receiving diagnostic

coronary angiography.

The current ESC guidelinésrecommend that referral for investigation of CAD fyn-invasive
techniques is preferred except in those who woutistnbenefit from revascularisation, (for
example, high PTP, where it is used to assessetherisy of CAD to inform future management
options); in patients where the findings of nonasive testing are inconclusive; in some
professions who cannot have stress testing forlagmgy reasons; or in those where optimal
medical management fails to control symptoms. Hawegeverity of clinical symptoms, the
patient's risk of adverse events from coronary @ygiphy, and patient preferences, are also taken
into consideration in determining investigation @AD. These recently changed guidelines are
likely to have a significant impact on referral geans for coronary angiography in the future. It

may well off-set the effects of population ageingtbe number and proportion of elderly patients
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undergoing coronary angiography. However, the FTiafluenced by the prevalence of CAD in
the population (as well as clinical features ofirgividual) and prevalence of CAD is known to
increase with chronological age. Further investtgaobf this guideline change on referral patterns
and apparent thresholds in elderly patients usogulations referred for CAD investigation and

not receiving non-invasive diagnostic testing, @gdostic coronary angiography, is required.

PCI is generally undertaken in elderly patientsalieviate the signs and symptoms of CAD.
Therefore, assessing the benefits of PCI on Qasisnportant as investigating the risk of peri-
procedural complications and longer term MACCE odgtes (as shown in Chapter 4.2.). QoL is
used to measure an individual's experience of hikep health status and health-related well-
being. A number of QoL tools have been developedidoument experience of illness and
healthcare and to measure what effects of treataentieemed to be of greatest importance to
patients. However, there is no consensus on thaitaen of QoL or what is the most appropriate
measurement tool. In keeping with the systematiceve of the literature in Chapter 2.3, the
findings of ReQoL confirms that QoL (using genaxi disease specific QoL measurement tools)

following PCI in older patients improves at leastnauch as in younger patients.

Chapters 4.1, 4.2, 4.3 all used time from birthd&dine elderly. In contrast to chronological
ageing, biological ageing involves variable strugtand functional changes that take place at the
cellular, tissue and organ level; these ultimatefiect the overall performance of the body.
Biological ageing is thought to vary between indivals of the same chronological age and
increase susceptibility to ill health and diseaSkere is currently much interest in whether
biomarkers of ageing may provide a better measunemk "miles on the clock” and whether
biological age contributes to the development amdjqession of disease, such as CAD, and can
explain socioeconomic inequalities in health. Hogrewe found no association between LTL and
either the occurrence of CAD, or its severity, onss-sectional study. While LTL is considered a
useful biomarker of ageing, the findings in thiggis suggest that LTL may not be as useful in
CAD. Longitudinal studies are required to asshesusefulness of LTL as a biomarker of ageing
in CAD and to investigate whether LTL is associatgith adverse outcomes in patients diagnosed
with CAD.
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This thesis has used a systematic review, onesystgmatic review, two secondary data analyses,
and two primary research studies to explore botloradiogical and biological ageing in CAD.
Overall, the findings suggest that: (i) the aggmogulation is likely to continue to have an impact
on cardiovascular services for the near futurg;a@verse outcomes following angiography and
PCI are more common in elderly patients; (iii) rth@ppears to be different thresholds for
investigation and management of CAD in elderlygras; (iv) coronary angiography and PCI are
safe procedures in elderly patients with PCIl imprgvtheir QoL; and (v) LTL may not be as

useful a biomarker of ageing in CAD.

Population projections from GROS suggest that thenpmenon of population ageing will
continue in Scotland for at least the next 25 yea@hss demographic trend is likely to result in a
rise in the prevalence and complexity of degenegatisorders such as CAD. Therefore, elderly
patients are likely to represent an increasing @itoign of those presenting for investigation and
treatment of CAD with resultant implications fordfth services in the future. Chapters 4.1 and
4.2, confirm that elderly people do account foriaereasing number and proportion of patients
presenting for the investigation and managementAD and that over time the baseline risk
profile has been increasing. The demographic tresggther with changes in patient selection and
case mix, will likely increase the underlying risk periprocedural complications. However the
time trend data for PCI complications presente@lapter 4.2 suggests that we have managed to
offset this effect, presumably as a result of teminimprovements and the adoption of new
devices and adjuvant therapies. However, furtheeldpments may be required if we are to avoid

worsening outcomes in the future.

Chapter 4.1 demonstrated that the threshold foestigation, via coronary angiography, and
subsequent intervention, using PCI, were higherrgrtbis increasingly large group of patients,
even after taking account of co-morbidities. Thiggests a chronological age-based inequality in
access to investigation and treatment. Inequalightmnonetheless, be justified if the risks were
unacceptably high or benefits less among eldetigpis. However, this is was not found to be the
case. Chapters 4.1 and 4.2 demonstrated that yeldatients do have a higher risk of early

complications than younger patients, but their Alisaisk was, nonetheless, low suggesting that
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coronary angiography and PCI are safe procedurpsrform in the elderly. These findings have
significant implications for the delivery of cardmscular clinical services to an increasingly
important sub-group of patients. Further invesiaya of this referral patterns and apparent
threshold are required using populations referred €AD investigation and not receiving

diagnostic coronary angiography, is required.

The current ESC guidelin€s recommend that referral for investigation of CAP on-invasive
techniques is preferred except in: those those wilould be most likely benefit from
revascularisation (for example, high PTP, where iised to assess the severity of CAD (rather
than diagnose CAD) to inform future managementonysl); in patients where the findings of non-
invasive testing are inconclusive; in some profassi who cannot have stress testing for
regulatory reasons; or in those where optimal nadicanagement fails to control symptoms.
However, severity of clinical symptoms, the patientisk of adverse events from coronary
angiography, and patient preferences, are alsontakéo consideration in determining
investigation of CAD. This change is likely to haaesignificant impact on referral patterns for
coronary angiography in the future. It may well-sét the effects of population ageing on the
number and proportion of elderly patients undergaaronary angiography. However, the PTP is
influenced by the prevalence of CAD in the popuolatias well as clinical features of an
individual) and prevalence of CAD is known to imase with chronological age. Further
investigation of this guideline change on refenpaltterns and apparent thresholds in elderly
patients using populations referred for CAD invgation and not receiving non-invasive
diagnostic testing or diagnostic coronary angioggyas required.

PCI is generally undertaken in elderly patientsalie@viate the signs and symptoms of CAD.

Therefore, assessing the benefits of PCI on Qasisnportant as investigating the risk of peri-

procedural complications and longer term MACCE odgtes (as shown in Chapter 4.2.). QoL is
used to imply an individual's experience of hishar health status and health-related well-being.
A number of QoL tools have been developed to docuireperience of illness and healthcare and
to measure what effects of treatment are deemebetmf greatest importance to patients.
However, there is no consensus on the definitioQalf or the most appropriate tool to measure it

with. In keeping with the systematic review of therature in Chapter 2.3, the findings of ReQoL
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confirms that QoL (using generic and disease sige@QbL measurement tools) following PCI in
older patients improves at least as much as yoyrajents.

Chapters 4.1, 4.2, 4.3 all used time from birthd&dine elderly. In contrast to chronological
ageing, biological ageing involves variable struatand functional changes that take place at the
cellular, tissue and organ level; ultimately affiegtthe overall performance of the body. It is
thought to vary between individuals of the sameghlogical age and increase susceptibility to ill
health and disease. There is currently much intémeshether biomarkers of ageing may provide
a better measurement of “miles on the clock.” arfteter biological age contributes to the
development and progression of disease, such as,GHID can explain socioeconomic
inequalities in health. However, we found no asstimn between LTL and either the occurrence
of CAD, or its severity, on cross-sectional studhile LTL is considered a useful biomarker of
ageing, the findings in this thesis suggest that bbfay not be as useful in CAD. Longitudinal
studies are required to assess the usefulness lofasTa biomarker of ageing in CAD and to

investigate whether LTL is associated with advexsieomes in patients diagnosed with CAD.

This thesis has used: 1 systematic review, 1 neaemmatic review, 2 secondary data analysis, and
2 primary research projects to explore both chroegichl and biological ageing in CAD. Overall,
the findings suggest that: (i) the ageing poputai® likely to continue to have an impact on
cardiovascular services for the near future; @yexse outcomes following angiography and PCI
are more common in elderly patients; (iii) thepp@ars to be different thresholds for investigation
and management of CAD in elderly patients; (iv) roo@ary angiography and PCIl are safe
procedures in elderly patients and PCI improves fQelL; and (v) LTL may not be as useful a

biomarker of ageing in CAD.

6.1. Recommendations for future research

 Chapters 4.1 and 4.2 investigated the trends, maése-and adverse outcomes

associated with coronary angiography and PCI. Resulggest that there appears to be
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different thresholds for investigation and managetmaf CAD in elderly patients.
However, the findings are based on patients hatriage procedures. To determine the
extent to which there are inequalities in referttaleshold, as well as procedure
threshold, further studies should be undertakenpatients referred to cardiology
services for investigation of CAD rather than jukbse receiving it. In addition,
populations attending GPs with symptoms suggesiiv€AD should be studied to
explore whether inequalities exist in referral tpedalist services for CAD
investigation.

The recent ESC guideline on managing stable CADupaksted the recommendation on
who should be referred for invasive investigatiod ananagement. This change is likely to
have a significant impact on referral patterns doronary angiography and PCI in the
future. It may well off-set the effects of poputatiageing on the number and proportion of
elderly patients undergoing coronary angiographgweler, further investigation of this
guideline change is required on referral pattenmts apparent thresholds in elderly patients
using populations referred for CAD investigatiort hat receiving non-invasive diagnostic
testing or diagnostic coronary angiography.

The ReQol study in Chapter 4.3 assessed QoL ougampatients undergoing PCI.
However, patients were only followed up to 3 monpgwst procedure, due to the
constraints of data collection within a PhD prognan The systematic review in
Chapter 2.3 suggests that improvements in qualityeomay well extend to at least 3
years. However, this review only included a smalinber of studies. Further research

is required to assess the long term impact of PGDoL.
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ReQoL (in Chapter 4.3) assessed QoL outcomes; henwveahese may well be
influenced by adverse clinical outcomes such as KECAdditional research should
be carried out on this cohort by data linkage VBMRO01 to assess short and long-term
MACCE outcomes. This would also allow the invediiga of the association between
baseline QoL and frailty with MACCE outcomes.

Given the small number of participants includedReQol, a larger study would be
important to provide more robust evidence of th@awot of PCI in elderly patients.
Given the heterogeneity of studies included in glistematic review in Chapter 2.3,
further research which assesses the most appm®pnedsurement tool for QoL in this
group would be important. This would likely involeemparisons between 2 or more
QoL life tools such as in ReQoL. However, given libw recruitment rate in ReQolL,
care must be taken that the questionnaire lengtiotitoo onerous for participants. In
addition, recruitment and consent for such a studyld be best undertaken at the time
of procedure consent; given the success of recemtrior the study in Chapter 4.4.

The findings in Chapter 4.4 suggest that LTL may b@ as useful a biomarker of
ageing in CAD as some studies have suggested. ¥owie main limitations are the
cross-sectional nature of the study and that the@tcomparison group comprised of
those undergoing angiography for symptoms suggestivCAD, rather than using a
sample from the general population. Therefore, itodgnal studies are required to
assess the usefulness of LTL as a biomarker ohggeiCAD.

In addition, Chapter 4.4. found no association ketw the occurrence of in-lab

complicati