Evaluation of Cardiac Rehabilitation

Quality and Outcomes

Ahmad Salman

Doctor of Philosophy

University of York
Health Sciences

July 2018



Abstract

Purpose: The beneficial effects of cardiac rehabilitation (CR) have been challenged in recent years
and there is now a need to investigate whether current CR programmes, delivered in the context of
modern cardiology, still benefit patients. Huge variability in quality of service delivery of CR in the UK
and patient outcomes has consistently been reported. It is increasingly difficult to evaluate outcomes
among CR programmes due to the interrelation of some measures such as smoking and body weight.
The aims of this thesis are to assess the extent to which programmes meet standards for the delivery
of CR and ascertain whether the variation in quality of CR delivery is determined by the CR attenders’
characteristics as well as to determine predictors of quitting smoking and to ascertain whether CR is

associated with helping patients quit smoking and avoid weight gain.

Methods: Observational studies using data extracted and validated from the UK’s National Audit of
Cardiac Rehabilitation (NACR). The quality of CR delivery was categorised into three groups: high,
middle and low. Multinomial logistic regression models were used to test for predictors of high-quality
delivery of CR. Binary logistic regression was performed to identify predictors of quitting smoking.
Multiple linear regression models were constructed to understand the effect of quitting smoking on CR
outcomes. An e-survey was administered to collect information about the smoking cessation support

offered to patients attending CR.

Results: 30.6% programmes were assessed as high quality, 45.9% as middle quality, and 18.2% as
low quality. Overall, 92.6% of CR programmes in the UK offer smoking cessation support for CR

attenders. Quitting smoking during CR was associated with a mean increase in body weight of 0.4 kg.

Conclusion: This thesis revealed that high levels of quality delivery are achievable in the era of
modern cardiology. CR programmes need to pay greater attention to recruitment of patients who are
more representative of the broader CVD population than those with few comorbidities. The research
highlights factors that determine smoking cessation outcomes, which could inform the delivery of CR
to better help patients quit smoking. Future research is needed to investigate the extent to which

patients meet outcomes targets among high-, middle- and low-quality CR programmes.
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Chapter 1 Introduction

1.1.  Title of the study

Evaluation of Cardiac Rehabilitation Quality and Outcomes

1.2. Background to cardiovascular disease

Cardiovascular disease (CVD), an umbrella term that describes all diseases of the heart
and blood vessels, is the number one cause of death globally (WHO, 2016).
Cardiovascular disease occurs in people of all ages and includes diseases that are
diagnosed at birth or inherited through to conditions that develop later in life, such as

coronary heart disease (CHD) and heart failure (HF).

Cardiovascular disease was the leading cause of honcommunicable diseases deaths
(46% of all deaths from noncommunicable diseases in 2012) and was responsible for an
estimated 17.5 million deaths, representing 31% of all global deaths (WHO, 2016, 2014,
p.9). Cardiovascular disease is also the cause of 37% of all premature deaths (WHO,

2016).

Cardiovascular disease causes more than a quarter (26%) of all deaths in the United
Kingdom (UK — that is nearly 160,000 deaths each year and an average of 435 deaths
each day or one death every three minutes (BHF, 2016). About 42,000 people younger
than 75 years in the UK die from CVD each year. About 7 million people are living with
CVD in the UK: 3.5 million men and 3.5 million women (BHF, 2016). The ageing and
growing population and improved survival rates from cardiovascular events could see
these numbers rise still further. In 1961, more than half of all deaths in the UK were

attributed to CVD (320,000 CVD deaths) (BHF, 2016). Since then, the death rate from

14



CVD in the UK has declined by more than three quarters. Death rates have fallen faster

than the absolute number of deaths, because people in the UK are now living longer.

When premature death and disability are considered, CVD is estimated to cost the UK
economy more than £15 billion each year (BHF, 2016; Cebr, 2014). Healthcare costs

relating to CVD are estimated to be up to £11 billion each year (BHF, 2016; Cebr, 2014).

Cardiovascular disease is also a leading contributor to health inequalities; reducing
excess deaths from CHD in the most deprived fifth of areas would have the greatest
impact on the life expectancy gap in England (Public Health England Epidemiology and
Surveillance team, 2016). Within England as a whole during 2012-14, male life
expectancy at birth was 7.6 years higher in the least deprived fifth of areas than in the
most deprived fifth (Public Health England Epidemiology and Surveillance team, 2016).
For females, this gap was 5.9 years. More than a year of life would be gained if men in
the most deprived areas had the same mortality from CHD as men in the least deprived
areas. The segment tool shows considerable variation in the causes of death that drive
the life expectancy gap, both within local authorities and between local authorities and
England; however, excess deaths from CVD, cancer and respiratory diseases tend to
contribute the most in the majority of areas (Public Health England Epidemiology and

Surveillance team, 2016).

Cardiovascular disease is still the most common cause of death across Europe as a
whole — accounting for 45% of all deaths, but rates have been falling by as much as 25—
50% over the past 10 years (Townsend et al., 2015). A major review of European trends
in CVD deaths published in the European Heart Journal found that cancer deaths in
several European countries, including the UK, overtook CVD deaths in men in 2014
(Townsend et al., 2015). According to the World Health Organization (WHO), about 40%
of all cancer deaths can be prevented by following a healthy lifestyle, with the remainder

caused by genetics and other factors (WHO, 2007). While following a healthy lifestyle

15



may prevent more than 80% of cases of CHD (Chiuve et al., 2006; Stampfer et al., 2000),
80% of sudden cardiac deaths (Chiuve et al., 2011) and 72% of premature deaths (van
Dam et al., 2008) are related to CVD. The vast improvements in the prevention and
treatment of CVD seen in the UK over the past 50 years thus have had a much bigger
impact than prevention and treatment of cancer, and this is reflected in the reduced

number of cardiovascular deaths.

The reductions in cardiovascular mortality and morbidity are hypothesised to be due to
advances in treatment or therapy in patients with CVD. These reductions result has been
enhanced by efficacious, non- pharmacological treatments such as cardiac rehabilitation

(CR).

Cardiac rehabilitation is a clinically effective and cost-effective multifaceted secondary
prevention programme that aims to improve outcomes for people with CVD (Shields et
al., 2018; Sumner, Harrison and Doherty, 2017; Anderson et al., 2016; Rauch et al.,
2016). It includes components of health education, advice on cardiovascular risk
reduction and physical activity, as well as stress management to prevent further
deterioration of the condition. A recent systematic review reported that more than 60
randomised controlled trials (RCTs) showed that exercise-based CR reduces
cardiovascular mortality and hospital admissions and improves quality of life among

patients with CVD (Anderson et al., 2016).

1.3. Cardiac rehabilitation

Cardiac rehabilitation programmes are recognised to be integral to comprehensive
intervention offered to patients with CVD and have been given a Class | recommendation
by international guidelines from organisations such as the American Heart Association
(AHA), American College of Cardiology (ACC), European Society of Cardiology (ESC)

and British Association for Cardiovascular Prevention and Rehabilitation (BACPR)
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(BACPR, 2017; Piepoli et al., 2016; Balady et al., 2011; Smith et al., 2011; Wenger et
al., 1995). These bodies have consistently identified exercise therapy as a central
element of a comprehensive approach. Evidence that CR reduces mortality, morbidity
and unplanned hospital admissions in addition to improving exercise capacity, quality of
life and psychological wellbeing is increasing (Sumner, Harrison and Doherty, 2017;

Anderson et al., 2016; Rauch et al., 2016).

Nearly two decades ago, the 1995 clinical practice guideline on CR from the United
States (U.S.) Department of Health and Human Services, Agency for Healthcare Policy
and Research, and National Heart, Lung, and Blood Institute characterised CR as the
provision of comprehensive, long-term programmes involving medical evaluation,
prescribed exercise, modification of cardiovascular risk factors, education, and
counselling (Wenger et al.,, 1995). These programmes are designed to limit the
physiological and psychological effects of cardiac illness, reduce the risk for sudden
death or reinfarction, control cardiac symptoms, stabilise or reverse the atherosclerotic
process, and enhance the psychosocial and vocational status of some patients (Wenger
et al., 1995). In spite of the fact that exercise is a core component of CR, current
guidelines reliably recommend that ‘comprehensive rehabilitation’ programmes ought to
include other components to enhance cardiovascular risk reduction, cultivate healthy
behaviours and compliance with these behaviours, decrease disability, and promote an

active lifestyle (Balady et al., 2007).

The National Institute for Health and Care Excellence (NICE), Department of Health,
BACPR, AHA and European guidelines agree that the following patients benefit from CR
(BACPR, 2017; Piepoli et al., 2016; JBS3, 2014; NICE, 2013a, 2013c, 2010c, 2010d,

Balady et al., 2011, 2007; Leon et al., 2005):
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e acute coronary syndrome — including ST elevation myocardial infarction, non-ST
elevation myocardial infarction, and unstable angina — and all patients
undergoing reperfusion (such as coronary artery bypass surgery (CABG),
percutaneous coronary intervention (PCI))

e newly diagnosed chronic HF and chronic HF with a step change in clinical
presentation

e heart transplant or ventricular assist device

e surgery for implantation of intracardiac defibrillator or cardiac resynchronisation
therapy for reasons other than acute coronary syndrome and HF

¢ heart valve replacements

¢ confirmed diagnosis of exertional angina.

Historically, CR in the UK, US, and most European countries has been delivered to
groups of patients in healthcare or community centres (Mampuya, 2012; Bethell, Lewin
and Dalal, 2009). The Department of Health (NICE, 2013a) refers to a six-stage pathway
that begins with diagnosis and is followed by an assessment, referral, clinical
assessment, and core delivery of CR before progressing to long-term management
(Figure 1.1). The UK has led the world in the uptake of CR, with an average of 51% of

patients accessing CR (NACR, 2017).

5 Conduct final CR

2 Assess patient
assessment

1 Manage 4 Deliver
referral and comprehensive

recruit patient *CR programme

. 6 Discharge and
3 Develop patient transition to long
care plan

Patient term management Patient
presentation discharged

0 [dentify
and refer patient

Figure 1.1 Department of Health’s commissioning guide six-stage patient pathway of care.
Figure adapted courtesy of BACPR (2012)
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Formal CR programmes vary in their prescription of intensity and duration of exercise.
The European guide for patients with established CVD provides a full review of the
impact of the mode and dose of exercise-based CR (Vanhees et al., 2012). The
European Association of Cardiovascular Prevention and Rehabilitation has formulated
recommendations regarding frequency, intensity, time (duration), type (mode) and
volume (dose: intensity x duration) of exercise, along with safety aspects during exercise
in patients with CVD (Vanhees et al., 2012). Exercise training programmes for patients
with CHD or HF need to be tailored to the individual’'s exercise capacity and risk profile,
with the aim of reaching and maintaining that individual's highest possible fithess level
and performing endurance exercise training 30—60 minutes daily for 3—5 days per week
in combination with resistance training 2-3 times a week. In the UK, formal CR is
predominantly provided to supervised groups in outpatient hospital clinics or community
centres, starting 2—4 weeks after PCI or myocardial infarction (MI) and usually 4—-6 weeks
after CABG (Bethell, Lewin and Dalal, 2009). Most CR programmes comprise weekly
attendance at group sessions for an average of 63 days or 9 weeks (NACR, 2017).
Centre-based sessions include graduated exercise training, education (covering
coronary risk factors and diet), common cardiac misconceptions, preventative
medications, and stress management (Bethell, Lewin and Dalal, 2009). Ideally, patients
ought to be given information about the cardiac event and lifestyle advice, including the
importance of smoking cessation, a healthy diet, and physical activity that encourages
progressive mobilisation (BACPR, 2017). Good communication between secondary and
primary care after discharge can improve uptake of CR and optimise secondary

prevention (Dalal and Evans, 2003).

In the US and Europe, CR programmes tend to be more intensive than those in the UK
and are delivered from outpatient departments over 3—6 months (Menezes et al., 2014;

Mampuya, 2012). Some European countries offer residential programmes lasting 3-4
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weeks. The focus is mainly on ‘monitored exercise and aggressive risk factor reduction’

in medically supervised sessions.

The evidence-based service standards for CR delivery include centre-based
programmes and home-based programmes for those who have difficulty accessing
centre-based CR programmes (BACPR, 2017; NICE, 2013a; Wingham et al., 2006;
Dalal and Evans, 2003). Home-based programmes administered by a multidisciplinary
team and supported by community services (such as smoking cessation) are equally as
effective as centre-based programmes (Taylor et al., 2015). The most widely used home-
based programme in the UK is the Heart Manual (Lewin et al., 1992) — a six-week
intervention that uses written material and a relaxation CD and is delivered by a trained
healthcare facilitator who makes home visits and provides telephone support — which
has been appeared to be just as effective as centre-based programmes (Jolly et al.,

2009; Dalal et al., 2007).

1.4. British Association for Cardiovascular

Prevention and Rehabilitation

The British Association for Cardiovascular Prevention and Rehabilitation (BACPR) is an
affiliated group of the British Cardiovascular Society. In 2017, the BACPR defined,
recommended six standards that promote high quality in the provision of CR
programmes and aim to ensure that all service providers, health professionals and
service users, together with service commissioners, where relevant, understand the
requirements for providing CR that is both clinically and cost effective and that can
achieve sustainable health outcomes for patients (BACPR, 2017). These six standards

are:
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1. delivery of six core components by a qualified and competent multidisciplinary
team, led by a clinical coordinator

2. prompt identification, referral and recruitment of eligible patient populations

3. early initial assessment of individual patient needs, which informs agreed
personalised goals that are reviewed regularly

4. early provision of a structured cardiovascular prevention and rehabilitation
programme, with a defined pathway of care, which meets the individual's goals
and is aligned with patient preference and choice

5. afinal assessment of individual patient needs and demonstration of sustainable
health outcomes upon programme completion

6. registration and submission of data to NACR and patrticipation in the National

Certification Programme for Cardiovascular Rehabilitation (NCP_CR).

To ensure delivery of a quality-assured, high-standard CR programme, BACPR also
recommends that CR programmes should include six components that have health

behaviour change and education at their core (Figure 1.2) (BACPR, 2017).

behaviour
change and
education

anageme®

The Six Core Components
for Cardiovascular Disease Prevention and Rehabilitation

Figure 1.2 Core components of cardiac rehabilitation (BACPR, 2017)
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Programmes are should ideally be delivered by an integrated multidisciplinary team led
by an qualified clinician with a special interest in CR (BACPR standard 1) (BACPR,

2017).

Delivery of the core components requires expertise from a range of different

professionals. The team may include:

cardiologist, community cardiologist, physician, or general practitioner with a
special interest in cardiovascular prevention and rehabilitation

e nurse specialist

e physiotherapist

o dietitian

e practitioner psychologist

e exercise specialist

e occupational therapist

e pharmacist.

1.5. National Audit of Cardiac Rehabilitation

The National Audit of Cardiac Rehabilitation (NACR) based at the University of York and
funded by the British Heart Foundation monitors and assesses the quality of CR delivery
annually, with findings published in an annual report (NACR, 2017). The NACR collects
programme- and patient-level data from most CR programmes across the UK (except
Scotland). To ensure data security and quality, NACR data are hosted by NHS Digital

(NACR, 2017).

Most CR programmes in the UK (74%) provide data to the NACR via patient-level data
submitted to the online database or via an annual survey of all CR programmes in the
UK (NACR, 2017). The NACR highlights the gap in respect of previous BACPR
standards and delivery, which demonstrates that BACPR service standards are clearly
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aspirational for most services in the UK (BACPR, 2017; NACR, 2017); although there
are examples of excellent practice in the UK, many CR programmes do not meet the
BACPR’s standards. In addition, it is difficult for service managers, patients and
commissioners to assess how a particular CR programme meets standards of service
delivery. For example, BACPR’s standard 1 recommends that CR should be delivered
by a multidisciplinary team drawn from any of 10 or more professions, but the minimum

requirement to demonstrate this is not clear.

1.6. UK National Certification Programme for

Cardiac Rehabilitation

Concerns about the quality of delivery of some CR programmes have led to the
collaboration of the BACPR and NACR in developing a UK National Certification
Programme for CR (NCP_CR) that is mainly based on assessment of quality-assured
patient-level NACR data and certification of whether CR programmes meet service

standards for CR delivery (Furze, Doherty and Grant-Pearce, 2016).

Furze, Doherty and Grant-Pearce undertook a three-stage process that involved: (1)
capturing the views of commissioners, service staff and patients on whether a
certification programme was needed and what would be included in the process; (2)
developing standards for certification; and (3) piloting the certification processes (Furze,
Doherty and Grant-Pearce, 2016). The standards were developed by a group of
academic and clinical experts in CR based on the BACPR standards (BACPR, 2017) —
which are uprated each year after new NACR data are published — and, where possible,
on median data for the UK from the NACR annual report (Furze, Doherty and Grant-
Pearce, 2016; NACR, 2015). Following a successful pilot, the NCP_CR was launched in
the UK in July 2015, enabling CR programmes to apply voluntarily for assessment

against the standards at a small administration cost for all CR programmes that submit
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data to NACR. The BACPR webpages (education@bacpr.com) show how programmes

can apply. In a two-year period after the NCP_CR started, fewer than 40 programmes
applied for certification through the formal BACPR panel review (BACPR/NACR, 2018Db).
At this rate, it would take 15 years to certify all programmes. In May 2018, the NCP_CR’s
steering group decided to run certification annually as part of the NACR report
(BACPR/NACR, 2018a). Information on the extent to which programmes achieve or
come close to being certified will be shared with each programme, as part of a quality
assurance check, prior to the publication of the report. This new approach to certification
allows providers and commissioners of CR services to obtain an up-to-date assessment

of the quality of CR delivery.

1.7. Inequity in delivery of cardiac rehabilitation

Although the UK has a track record of driving excellence in CR, service inequality
remains one of the challenges of contemporary healthcare (Furze, Doherty and Grant-
Pearce, 2016). Despite the strong evidence base for CR and existing standards for
service delivery, it has become apparent from NACR reports in recent years that CR is
not delivered equitably across the UK (NACR, 2017). Although there are examples of
excellent practice in the UK, NACR reports have shown that many CR programmes do
not meet the BACPR standards for CR delivery and also clearly find the BACPR
standards to be aspirational (Furze, Doherty and Grant-Pearce, 2016). The NACR
reports provide many examples of suboptimal delivery, which has been the topic of much
debate (Lewin and Doherty, 2013; West and Jones, 2013; West, Jones and Henderson,
2012). For instance, NICE and the BACPR recommend that CR should start within 28
days after MI and/or PCI (BACPR, 2017; NICE, 2013c), yet the median time for starting
CR across the UK is 28 days, varying from a swift six days to a greatly delayed 78 days
(NACR, 2017). Concerns have also been raised about other aspects of CR delivery in

the UK that do not meet the standards recommended by BACPR, including omissions in
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undertaking pre- and post-CR assessment and reduction of length and frequency of CR

programmes, resulting in ‘too small a dose’ of CR being delivered (NACR, 2017).

Figure 1.3 shows that waiting times vary substantially among CR programmes within
each country covered by the NACR audit (permission to use figures form the NACR
authors is shown in Appendix 1) (NACR, 2017). Published research using NACR data
has shown that timely CR is associated with greater patient benefit in terms of physical
and psychosocial outcomes compared with CR offered late (Sumner, Béhnke and
Doherty, 2018; Fell, Dale and Doherty, 2016). Despite emerging research that showed
patients following CABG can safely start CR earlier than existing guidelines recommend
(Eder et al., 2010), they are waiting 50 days (national average) before starting CR

(NACR, 2015).
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Figure 1.3 National Audit of Cardiac Rehabilitation (NACR) 2017: time from referral to start
of cardiac rehabilitation by programme and country. Figure reproduced with permission
of NACR (2017) (see Appendix 1)
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In the 2017 NACR, 83% of patients who started CR had a pre-CR assessment and 62%
had a post-CR assessment, which means that 38% of patients cannot be assessed for
improved outcomes and will not have had quantifiable notification of their progress,
which is important as part of successful health behaviour change (Table 1.1) (NACR,
2017).

Table 1.1 National Audit of Cardiac Rehabilitation (NACR) 2017: percentage of patients who

started cardiac rehabilitation (CR) and had pre- and post-CR assessments. Table
reproduced with permission of NACR (2017) (see Appendix 1)

COUNTRY HEALTH REGION STARTING * WITH PRE % WITH POST

REHABILITATION (N} (ASSESSMENT I) {ASSESSMENT 2)

England C&M 2,845 83 62
EM 3,733 86 64

EoE 4,067 83 65

GM, L & 5C 5872 73 56

L 4,970 an 62

SEC 4,304 86 65

SW 4,303 93 60

™ 1,732 A0 69

W 2,366 89 71

W 2,983 63 53

¥ &TH 3,407 an 73

Total 40,582 83 63
Morthern Ireland BHSCT 573 98 62
NHSCT 593 an 61

SEHSCT 610 88 67

SHSCT 327 &3 39

WHSCT 114 74 68

Total 2,217 90 60
Wales ABM 684 94 B1
AB 860 95 64

BC 1.867 &0 38

cav 299 92 73

cT 421 78 54

HD 363 82 52

Total 4,494 78 54
Other Other 107 99 89
TOTAL 47,520 83 62

England M=4,582, Narthern ireland N=32,217, Wales N=4,494, Tatal N=47 520 {inchsdes Other}
ME has been remaoved due e insufficient NACR data

The most recent Cochrane review of the effectiveness of CR in 63 clinical trials found
that the median duration of CR was six (range 1-48) months (Anderson et al., 2016). In
routine clinical practice, where funding is more likely to be a determinant of the duration
of CR, the duration is three months in the USA, five months in Canada, and a
recommended minimum of 12 weeks across Europe. In all of these countries, the
preferred frequency is 2—3 formal sessions per week (Vanhees et al., 2012; Suaya et al.,

2007). One of the principal components of effective CR is successful behaviour change
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as applied to exercise training, physical activity, risk factor management, and
psychosocial wellbeing interventions, and this requires sufficient time to achieve desired
lifestyle changes. However, the median duration of CR in the UK according to the 2017
NACR is 63 days (nine weeks), and Figure 1.4 shows that the duration of CR vary

substantially among CR programmes within each country that contributes to the audit.

ENGLAND

.......
.......

..................
"""""""""""

NORTHERN IRELAND WALES
Median Durat oks = 8.4 ra

Figure 1.4 National Audit of Cardiac Rehabilitation (NACR) 2017 report: duration of cardiac
rehabilitation. Figure reproduced with permission of NACR (2017) (see Appendix 1)

1.8. Inequity in cardiac rehabilitation outcomes

It is increasingly difficult to evaluate outcomes among CR programmes due to the
complexity of reporting the extent of change, as the scale in terms of clinical presentation
and potential for change at the point patients start CR is very different from programme
to programme. For example, the average proportion of patients who started CR as non-
smokers among the 24 health regions of the UK was 93.6% (range 85.9% to 98.8%)
(NACR, 2017), but the profile of smoking status when patients start CR differs greatly
among programmes (Table 1.2). In 25 CR programmes, 100% of patients were not
smoking before CR compared with about 25% of patients in one other programme

(NACR, 2017). These differences make comparisons of change at a programme level

27



difficult to judge, as the potential for change is non-existent in programmes with initially
low levels of smoking and much greater in programmes with initially high levels of
smoking.

Table 1.2 National Audit of Cardiac Rehabilitation (NACR) 2017: percentage of non-

smokers starting cardiac rehabilitation (CR). Table reproduced with permission of NACR
(2017) (see Appendix 1)

PERCENTAGE OF NON-SMOKERS

COUNTRY HEALTH REGION PRE % POST % POINT CHANGE %
England C&Mm 93.6 94.5 0.8
EM 93.5 93.8 0.4
EoE 95.9 96.0 0.1
GM, L & 5C 94.9 95.6 0.7
L 93.7 95.2 1.5
SEC 95.8 96.3 0.6
SW 94.6 96.6 2.0
TV 96.0 95.5 -0.5
W 94.5 96.4 1.9
WM 91.6 96.0 4.4
Y&TH 85.9 90.7 4.8
Total 93.5 95.0 1.5
Northern Ireland BHSCT 92.3 92.6 0.2
NHSCT 88.1 97.2 9.1
SEHSCT 94.7 94.7 0.0
SHSCT 98.8 100.0 1.2
WHSCT 87.5 100.0 12.5
Total 92.3 95.2 2.9
Wales ABM 96.2 95.3 -0.9
AB 94.0 94.0 0.0
BC 96.1 94.8 -1.3
C&Y 96.8 96.8 0.0
T 88.1 88.1 0.0
HD 95.8 97.9 2.1
Total 95.4 95.2 -0.2
Other Other 97.7 94.3 -3.4
TOTAL 93.6 95.0 1.4

Another challenge when evaluating patient outcomes is that some measures are inter-
related, such as smoking and obesity (Tian et al., 2015; Aubin et al., 2012). Thus,
although smoking cessation results in considerable improvements in health, it is often
accompanied by weight gain, with patients trying to quit smoking more likely to put on
weight in the first three months to a year after quitting (Tian et al., 2015; Aubin et al.,
2012). This substantial effect may mask the success of some weight-loss programmes.
With such an interaction, it would be wrong to assess the success of weight management
and smoking cessation associated with CR programmes at a hamed local level without

taking this relationship into account. Moreover, numerous studies have not measured
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changes in physical activity to examine whether that influenced weight gain after quitting
smoking, and a level of positive association also exists between obesity and anxiety and

depression.

1.9. Summary of the justification for this research

Numerous clinical trials and systematic reviews over the past 20 years have shown that
CR is effective (Sumner, Harrison and Doherty, 2017; Anderson et al., 2016; Rauch et
al., 2016; Dalal, Doherty and Taylor, 2015). For example, an updated Cochrane review
in 2016 reported that CR reduces cardiovascular mortality and hospital admissions in
addition to improving health-related quality of life (Anderson et al., 2016). On the other
hand, the conclusion of ‘Rehabilitation After Myocardial Infarction Trial (RAMIT) — the
largest UK-based RCT — was that comprehensive CR in the modern era of medical
management does not reduce mortality or morbidity and has no beneficial effect on
psychosocial wellbeing or lifestyle (West, Jones and Henderson, 2012). The 2016
Cochrane review by Anderson et al. included RAMIT alongside 62 other trials, but its
inclusion did not alter the overall benefit in cardiovascular mortality (Anderson et al.,
2016) despite the negative results of RAMIT clearly differing from those of the latest
Cochrane reviews (Anderson et al., 2016; Heran et al.,, 2011). Anderson et al.’s
Cochrane review revealed a neutral effect, concluding that some CR programmes may
not be delivering CR in an effective way in routine clinical practice (Anderson et al.,
2016). The negative findings of RAMIT have also led to scepticism about the delivery of
CR programmes in the UK (West and Jones, 2013; Wood, 2012). Furthermore, a clinical
review published in the British Medical Journal highlighted CR as highly effective but
warned that not all programmes are working to the recommended standards (Dalal,
Doherty and Taylor, 2015). Continued debate in the research literature suggests that
routine clinical practice might be suboptimal and may not be resulting in expected

outcomes (Doherty and Lewin, 2012; West, Jones and Henderson, 2012). The regular
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NACR reports show huge variability in the quality of CR service delivery and patient
outcomes in routine clinical practice in the UK (NACR, 2017, 2016, 2015), with CR (1)
being delivered later than recommended, (2) not underpinned by pre- and post-CR
assessment, and (3) shorter in duration than evidence suggests is heeded (BACPR,
2017; NACR, 2017, 2016; Piepoli et al., 2016; NACR, 2015; NICE, 2013c; Vanhees et
al., 2012). It therefore is important to assess the extent to which programmes meet
national standards for the delivery of CR. The role played by patient characteristics in
determining whether delivery of CR services is high, medium, or low quality remains
unclear (Doherty et al., 2017). It therefore is important to assess whether patients who
attend CR programmes are the same across the three categories of delivery quality,

which is the aim of the first study reported in this thesis.

Smoking and body weight are closely related, and this link poses significant challenges
for researchers investigating the effect of interventions in smokers. Most patients who
quit smoking put on weight (Tian et al., 2015; Aubin et al., 2012), and many smokers
report concern about this and say it may put them off trying to quit (Bush et al., 2016;
Farley et al., 2012; Filozof, Ferndndez Pinilla and Fernandez-Cruz, 2004). Several
exercises programmes aimed at limiting post-smoking cessation weight gain have been
tested and suggest that exercise as an intervention reduced post-cessation weight gain
significantly in the long term but not in the short term (Farley et al., 2012). However, CR
has not been evaluated to control weight gain after smoking cessation, and little is known
about the predictors of quitting smoking in CR, with limited research to date on the
determinants of likelihood of quitting smoking among CR participants. A thorough
investigation is required to identify the predictors of quitting smoking in CR, specifically
influencing factors that could inform tailored interventions to increase quitting smoking.
As little is known about how routinely CR programmes support smoking cessation, an

investigation of smoking cessation support services provided in CR to help patients quit
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smoking could encourage knowledge exchange and discussion, which is the aim of the

second study reported in this thesis.

This thesis is based on an observational research design as an RCT design was not
appropriate for this thesis. Observational designs are used to measure the effectiveness
of an intervention in real-world settings at the population level (Anglemyer, Horvath and
Bero, 2014; Centre for Reviews and Dissemination, 2009). Observational studies play a
vital role in building clinical evidence, identifying best practices, and understanding
variations of delivery of services (Anglemyer, Horvath and Bero, 2014; Carlson and
Morrison, 2009). The selective process of RCTs in terms of choosing participants may
make the study population less representative of the whole population, which raises
questions about the generalisability of its findings (Noordzij et al., 2009). The age of
patients attending CR in the NACR ranges from 18 to 108 years — a much broader
population than studied in clinical trials of CR (NACR, 2017). Anderson et al.’s Cochrane
review of the effectiveness of CR is based on patients with a mean age of 56 (range 49
to 71) years, whereas the patient population seen in routine practice, as captured by the
NACR, has an average age of 67 (18 to 108) years (NACR, 2017; Anderson et al., 2016).
The number of patients older than 75 years in the NACR was 12,248, which once again
reiterates the difference from the research population in clinical trials, where virtually no
patients older than 71 years were recruited. The percentage of patients completing CR
is 77% (NACR, 2017), which is equivalent to the completion rates seen in well-resourced
clinical trials. The populations studied by reviews and clinical trials were predominantly
male, middle aged (mean age 56 years) and low risk (most studies excluded patients
who had comorbidities or HF). The NACR is representative of the eligible population,
suggesting that findings from the NACR annual report are more likely to reflect the reality
of routine clinical practice. In addition, the amount of time, cost, restrictive recruitment of
population and inadequate statistical power of RCTs mean that RCTs may lead to invalid

conclusions (Hannan, 2008). However, observational studies that use large databases,
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through the use of larger and more varied populations with comorbidities and longer
follow-up periods, can complement findings from RCTs by assessing the effectiveness
of interventions in routine clinical services (Silverman, 2009). However, it should be
noted that the selection bias is the most serious shortcoming of observational designs
due to the absence of randomisation, which is exacerbated when the observational data

derive from an administrative database rather than a clinical database (Hannan, 2008).

The research reported in this thesis is based on a research design that incorporated two
main observational studies and is based on the following gaps in the research literature

that have led to the evaluation of CR quality and outcomes is listed below:

e Results differ between RAMIT and the latest Cochrane reviews (Sumner,
Harrison and Doherty, 2017; Anderson et al., 2016; Rauch et al., 2016; West,
Jones and Henderson, 2012).

¢ CRis highly effective but not all programmes are working to the standards

¢ Routine clinical practice might be suboptimal and may not be resulting in
expected outcomes

¢ Annual NACR reports consistently show huge variability in quality of CR service
delivery and patient outcomes in the UK

e Little is known about CR attenders’ characteristics and the role of these
characteristics in determining the quality of CR programmes in routine clinical
practice

e The role played by patient characteristics in classification of CR delivery quality
as high and low remains unclear

e Interrelation of smoking and body weight present a challenge in reporting the
extent of patient outcomes per measure, as most patients who try to quit smoking
will gain weight

o Little is known about whether weight gain associated with smoking cessation in

patients attending CR
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e Little is known about the predictors of quitting smoking in CR
o Little is known about actual smoking cessation services provided by CR

programmes.

1.10. Research aims for the thesis

The approach of this thesis, structured by the scientific paradigm, is to critically explore
the literature regarding existing practices to establish scientific rigor in proclaiming the

evaluation of CR quality and outcomes. The aims are:

e to critically review the existing literature to better evaluate CR quality and
outcomes and further shape research methods

e to assess the extent to which programmes meet national standards for the
delivery of CR by evaluating quality of CR delivery against national averages in
service delivery in the UK according to the NCP_CR

e to assess whether the quality of CR delivery and any variability are associated
with the participating patients’ characteristics, while also addressing whether
these differences are associated with better CR delivery quality

¢ to investigate and determine sociodemographic and clinical factors associated
with the likelihood of quitting smoking among CR attenders

e to ascertain whether weight gain is associated with smoking cessation in patients
attending CR and whether CR, as delivered in routine practice, is associated with
helping patients quit smoking and avoid weight gain

¢ to evaluate the smoking cessation support offered to patients attending CR using

an e-survey.
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1.11. Structure of the thesis

This thesis is organised into six chapters that provide background information according
to the literature, the methods used for the study, the results from the study, and a

discussion of the findings.

Following this Introduction, which described what is known about CR, gaps in
knowledge, why the research reported in this thesis is needed and its aims, Chapter 2
offers a review of literature that more deeply explores the current evidence base for CR,
offers criticism of this evidence, and collates the clinical guidance, quality assurance of

services, and high-quality indicators for CR and related provision of CR.

Chapter 3 covers the main methods relating to the methods underlying the NACR, data
access, verification, validation, and analytical approaches used in planned observational

studies.

Chapter 4 investigates the extent to which the delivery of CR programmes in the UK
meets national standards as part of the NCP_CR, as well as evaluating the role of patient

characteristics in the quality of CR delivery.

Chapter 5 focuses on sociodemographic and clinical factors associated with the
likelihood of quitting smoking among CR attenders and investigates whether CR is an
effective strategy to help patients who are quitting smoking to avoid excess weight gain.
In addition, this chapter describes a survey that investigated how many CR programmes

provide smoking cessation services.

Finally, Chapter 6 provides an overall conclusion for the research, including

recommendations for future studies and the potential impact of this research.
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Chapter 2 Literature review

2.1 Introduction

Cardiac rehabilitation (CR) is a complex intervention that is an integral part of the modern
standard of care offered to patients diagnosed with cardiovascular disease (CVD). Over
the past four decades, the focus has shifted from an emphasis on exercise therapy to
comprehensive secondary prevention strategies to manage risk factors, nutritional,
psychological, behavioural and social factors that can affect patients’ CVD outcomes
(Anderson et al., 2016; Dalal, Doherty and Taylor, 2015; Sagar et al., 2015). Cardiac
rehabilitation has been proved to be an effective tool with an important role in the overall
clinical management and care of patients with CVD. Over the past 40 years, research in
CR has demonstrated tremendous benefits from optimal use of CR in patients with
various cardiac pathologies, including ischaemic heart disease, heart failure (HF) and
post-heart surgery. The modern-day benefits of CR are recognised to include reductions
in cardiac morbidity and mortality, relief of symptoms, reduction in smoking, improved
exercise tolerance, risk-factor modification and improvements in overall psychosocial
health (Sumner, Harrison and Doherty, 2017; Anderson et al., 2016; Rauch et al., 2016;

Sagar et al., 2015).

Although the importance of primary prevention measures aimed at delaying or
preventing the onset of CVD is obvious and cannot be emphasised enough, CR is mainly
involved with secondary prevention. This relies on early detection of the disease process
and its impact on health followed by application of interventions — including education,
counselling and behavioural strategies to promote lifestyle change and modify risk
factors — to prevent progression of disease and manage psychosocial health, particularly
depression, which many studies have shown impacts on outcomes (Hare et al., 2014)

Clinical trials have proved that strategies for the detection and modification of risk factors
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can slow, stabilise or even modestly reverse the progression of atherosclerosis and
reduce cardiovascular events (Mampuya, 2012). Current guidelines from international
cardiovascular societies consider CR as useful and effective for patients diagnosed with
CVD based on Class | evidence (Anderson et al., 2016; Piepoli et al., 2016; Sagar et al.,

2015; NICE, 2013c; Smith et al., 2011).

On the other hand, the ‘Rehabilitation After Myocardial Infarction Trial’ (RAMIT) - the
latest and largest UK-based randomised controlled trial (RCT) of comprehensive CR in
the modern era of medical management — showed that CR is not effective (West, Jones
and Henderson, 2012). The negative results of RAMIT seem to differ from those of the
latest reviews (Sumner, Harrison and Doherty, 2017; Rauch et al., 2016; Sagar et al.,
2015), and the negative findings of RAMIT have also led to scepticism about the delivery
of UK-based CR programmes (West and Jones, 2013; Wood, 2012). Moreover, a recent
clinical review of CR published in the British Medical Journal highlights that CR is highly
effective but warns that not all programmes are working to recommended standards
(Dalal, Doherty and Taylor, 2015). Continued debate in the research literature suggests
that routine clinical practice might be suboptimal and may not be producing the expected
outcomes (Rauch et al., 2016; Doherty and Lewin, 2012; West, Jones and Henderson,
2012). Data from routine clinical practice assessed through the National Audit of Cardiac
Rehabilitation (NACR) (NACR 2017) showed that CR is: (1) being delivered later than
recommended, (2) not underpinned by pre- and post-assessment, and (3) shorter in
duration than the evidence recommends (NACR, 2017; Anderson et al., 2016; Piepoli et

al., 2016; NICE, 2013c; Vanhees et al., 2012).
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2.2 Rationale and methods of review

This chapter provides an overall review of the current evidence for CR, including a critical
review of this evidence and an evaluation of clinical guidance and quality assurance of

services.

Given the emphasis on developments within the past 20 years, usual care cardiology
has improved massively, including the use of interventional therapies, surgery and
medications, and the fact that stents and statins have become part of routine practice
since 1995 has had a large impact on the quality of care delivered to patients
participating in modern CR (Rauch et al., 2016; Montalescot et al., 2004; Johannesson
et al., 1997). On this basis, older studies evaluating the effect of CR are no longer
suitable for estimating the effectiveness of CR, as it was easier for trials 40 years ago to
show that CR was effective when usual care was so poor compared with the post-1995
stents and statins era, and there is therefore a distortion of the perceived benefits when
based on older evidence (Rauch et al., 2016). The NSF for CHD was published in the
UK, detailing modern standards of care, including CR services (Department of Health,
2000). The AHA published position statements on CR programmes and CR core
components in 2000 (Balady et al., 2000), a position paper by the European Society of
Cardiology in 2003 provided recommendations on the design and development of CR
programmes (Giannuzzi et al., 2003), and in 2001 Cochrane published the first review

to define exercise-based CR (Jolliffe et al., 2001).

Much of the evidence was produced before the era of modern cardiological treatments
and therefore may not be relevant. In line with the establishment of international modern
standards of care in CR, the period for this literature review was restricted to publications
from 1995 to present day. The review was carried out using the following bibliographic
databases: PubMed, Embase, Medline, Cochrane Central Register of Controlled Trials,

Ovid databases, Science Citation Index (Web of Science), Science Direct and Wiley

37



resources. The search period for articles was between 1995 and 2017 (including only
studies that recruited patients in 1995 or later), and the review was carried out between
2015 and 2017. Interlibrary loans were used to acquire unavailable full texts. The search
sought key study techniques such as systematic reviews, meta-analyses, randomised
controlled trials (RCTs), observational studies, cross-sectional studies, and cohort
studies. Keywords used for this review included cardiovascular diseases (CVD),
coronary heart disease (CHD), cardiac rehabilitation (CR), exercise rehabilitation,
cardiac prevention, secondary prevention, prevention, cardiovascular risk factor,

smoking, predictors and weight gain.

Critical appraisal is a systematic essential evaluation of research of different types of
medical evidence, which aims to identify gaps in the literature reviewed in order to
provide research evidence (CAT, 2017). In addition, this approach gives information on
the quality of research evidence. It aims to identify flaws in methods used in studies
reported in the literature and provide the opportunity to make informed decisions about
the quality of research evidence. Critical appraisal tools (CATSs) are used to appraise
various types of study, such as RCTs, case studies, qualitative research, systematic
reviews and clinical guidelines (CAT, 2017). However, most of these types of study

involve evaluation and investigation of intervention programmes.

The Physiotherapy Evidence Database (PEDro) is one of the available methods for
rating trials such as RCTs but not reviews or guidelines (PEDro, 1999; Verhagen et al.,
1998). The PEDro scale is based on the Delphi list of criteria for assessing the quality of
RCTs for conducting systematic reviews, which was developed by Verhagen and
colleagues at the Department of Epidemiology, University of Maastricht (Verhagen et al.,
1998). PEDro is used to assess two aspects of trial quality: internal validity (believability)
and whether the trial has full statistical information to make the data interpretable (PEDro,

2017, 1999). Online tutorials are available to develop the skills to use PEDro. Trials are
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scored from poor (one) to high (10) quality. This review assessed studies without PEDro

scores or CATs using the following criteria:

1. Study design

2. Data sources

3. Sample size

4. Representativeness of the population

5. Methods

6. Advantages and disadvantages of the methods

7. Presentation of outcomes and handling of bias.

2.3 Cardiac rehabilitation

The World Health Organization (WHO)’s definition of CR from 1993 very well
summarises its objectives: ‘The sum of activities required to influence favourably the
underlying cause of the disease, as well as to ensure the patient the best possible
physical, mental and social conditions, so that they may, by their own efforts, preserve
or resume when lost, as normal a place as possible in the life of the community’ (WHO,
1993). Cardiac rehabilitation is recognised as integral to comprehensive intervention
offered to patients with CVD and has been given a Class | recommendation in
international guidelines from organisations such as the American Heart Association,
American College of Cardiology, European Society of Cardiology, and British
Association for Cardiovascular Prevention and Rehabilitation (BACPR), with exercise
therapy consistently identified as a central element (BACPR, 2017; Piepoli et al., 2016;
Balady et al., 2011; Smith et al., 2011; Wenger et al., 1995). Although exercise training
remains a cornerstone intervention, international guidelines consistently recommend the
provision of comprehensive CR that includes education and psychological input focusing
on health and lifestyle behaviour change, risk-factor modification, and psychosocial

wellbeing (BACPR, 2017; Piepoli et al., 2016; Balady et al., 2011; Smith et al., 2011).
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Cardiac rehabilitation has been proved to have morbidity and mortality benefits and has
been recommended as an important therapeutic tool in modern cardiology by most
cardiovascular professional societies (BACPR, 2017; Sumner, Harrison and Doherty,
2017; Piepoli et al., 2016; Anderson et al., 2016; Rauch et al., 2016; Sagar et al., 2015).
The benefits of CR for individuals after myocardial infarction (MI) and percutaneous
coronary intervention (PCI) and for those with HF have been reviewed comprehensively
in several meta-analyses, including two Cochrane reviews, one review each in the
Journal of the European Journal of Preventive Cardiology, PLOS One and BMJ Open
Heart, and a recent clinical review from the United States (Sumner, Harrison and
Doherty, 2017; Anderson et al., 2016; Rauch et al., 2016; Sagar et al., 2015; Menezes

et al., 2014; Taylor et al., 2014).

2.4 Evidence for modern cardiac rehabilitation

Many systematic reviews included older RCTs where almost half of the studies were
performed in the pre-statin era (Sumner, Harrison and Doherty, 2017; Anderson et al.,
2016; Rauch et al., 2016; Heran et al., 2011). During this earlier period, treatment and
medications were very different compared with clinical practice from 1995 onwards, and
the impact of participation in CR on the long-term clinical course have been attenuated
through modern treatment options. Although there have been multiple trials and
systematic reviews, there is concern that inclusion of older trials may be distorting the
effect of CR shown by these studies. However, the benefits of CR, as delivered in the

context of the present day, have been challenged.

40



2.4.1. Reviews of cardiac rehabilitation after myocardial

infarction

A 2011 Cochrane review and meta-analysis carried out by Heran et al. included 47 RCTs
with 10,794 patients and a follow-up period of at least six months to determine the
effectiveness of exercise-based CR (exercise training alone or in combination with
psychosocial or educational interventions) compared with usual care on mortality,
morbidity and health-related quality of life in patients with CHD (Heran et al., 2011). This
showed that exercise-based CR is effective in reducing total mortality (relative risk (RR)
0.87 (95% confidence interval (Cl) 0.75 to 0.99), absolute risk reduction (ARR) 3.2%,
number needed to treat (NNT) 32) and cardiovascular mortality (RR 0.74 (95% CI 0.63
to 0.87), ARR 1.6%, NNT 63) in medium- to long-term studies (i.e. with >12 months
follow-up) in addition to hospital admissions (RR 0.69 (95% CI 0.51 to 0.93)) in short-
term studies (<12 months follow-up). Statistically significantly differences were not
observed for total mortality and cardiovascular mortality in short-term studies; total Ml or
revascularisation (coronary artery bypass graft (CABG) or percutaneous transluminal
coronary angioplasty (PTCA)) in medium- to long-term or short-term studies; or total
hospitalisations in medium- to long-term studies. There was evidence of a significantly
higher level of quality of life with exercise-based CR than usual care in seven of 10 RCTs
that reported health-related quality of life using validated outcome measures, but Heran
et al. were not able to pool the data to quantify the effect because of the heterogeneity
of outcome measures and methods of reporting findings. The population studied by
Heran et al. was predominantly male (number of women participants was low), middle
aged (mean age of participants was 56 years) and low risk (most studies excluded
patients with comorbidities or HF). Overall, Heran et al. (2011) found that the mortality
benefit was limited to medium- to long-term studies (with follow-up >12 months).

Participation in CR may reduce the rate of hospital readmissions in studies with up to 12
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months’ follow-up (based on four trials with 54/254 versus 73/225 events) but not with

long-term follow-up.

Concerns have been raised about the applicability of the meta-analyses of results of
exercise-based CR to the provision of CR services; about the inclusion of small, poor-
quality RCTs, which may have resulted in overestimation of the benefits of CR; and about
the almost exclusive recruitment of low-risk, middle-aged, post-MI men in early trials,
thereby reducing the generalisability of their findings to the broader population of patients
with CHD (Doherty and Rauch, 2013; West and Jones, 2013; West, Jones and
Henderson, 2012; Heran et al., 2011). It has also been argued that major advances in
medical management of CHD may have led to a reduction in the incremental effect of

exercise-based CR on mortality compared with usual care alone.

Anderson et al. updated the Cochrane systematic review and meta-analysis of exercise-
based CR for CHD to reassess the effects of exercise-based CR compared with usual
care in terms of mortality, morbidity, health-related quality of life and cost-effectiveness
(Anderson et al., 2016). A total of 63 RCTs conducted between 1974 and 2014 with
14,486 participants and median follow-up of 12 months were included to compare
exercise-based CR with usual care in patients after Ml or revascularisation and in those
with a diagnosis of angina pectoris or CHD confirmed by angiography. The study showed
reductions in cardiovascular mortality (RR 0.74 (95% CI 0.64 to 0.86)) and the risk of
hospital admissions (RR 0.82 (95% CI 0.70 to 0.96)) with exercise-based CR compared
with usual care. No statistically significant reductions were seen in total mortality (RR
0.96 (95% CI 0.88 to 1.04)) or in the risk of fatal or non-fatal Ml, CABG or PCI between
exercise-based CR and usual care. Most studies (14/20) showed higher levels of health-
related quality of life in one or more domains after exercise-based CR compared with
usual care. Anderson et al. (2016), which summarises the results of RCTs in >14,000
patients, is the most comprehensive review of evidence to date and confirmed that

exercise-based CR reduces cardiovascular mortality and, importantly, reduces hospital
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admissions and improves quality of life, which seems to be consistent across patients
and intervention types (i.e. exercise only or comprehensive CR, dose of exercise
training, and centre- or home-based settings) and independent of study quality, setting
and publication date. Although Anderson et al. (2016) reported no reductions in total
mortality or the risks of fatal or non-fatal MI or coronary revascularisation (CABG or PCI),
pooled cardiovascular mortality (10.4% to 7.6%, NNT 37) and hospital admissions
(30.7% to 26.1%, NNT 22) were reduced with exercise-based CR compared with usual

care.

In contrast with the Cochrane review and meta-analysis by Heran et al. (2011) and
findings from observational studies that support a mortality benefit (Doherty and Lewin,
2012), Anderson et al. (2016) found no statistically significant reduction in total mortality
with exercise-based CR. The Heran et al. review of 2011 included 47 randomised
controlled trials with 10,794 patients, while Anderson et al.’s review of 2016 included 16
new RCTSs, giving a total of 63 studies with 14,486 participants. Although Heran et al.
and Anderson et al. applied the same methods in their reviews, which were performed
just five years apatrt, the findings for total mortality differ because Anderson et al. included
results from RAMIT, which was conducted in the era of major advances in medical
management of CHD, such as the increased use of statins, and showed little effect of
CR on mortality at two years (RR 0.98 (0.74 to 1.30)) (West, Jones and Henderson,
2012). The meta-regression analysis in Anderson et al. showed a trend towards a linear
reduction in the total mortality effect of CR over time (i.e., by study publication date).
Anderson et al. did not show a reduction of total mortality in the subgroup of studies
published after 1995; however, cardiovascular mortality was significantly reduced both

before and after 1995.

Anderson et al. included eight effective trials, two borderline effective and three not
effective trials for total mortality; five effective and one not effective for cardiovascular

mortality; and six effective, two borderline effective and one not effective for
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hospitalisation. Heran et al. included one effective, one borderline effective and two not
effective trials for total mortality; one effective and one not effective for cardiovascular

mortality; and three effective and two borderline effective for hospitalisation.

The finding that exercise-based CR reduces the risk of cardiovascular mortality
compared with usual care but does not reduce the risk of MI or revascularisation
suggests that, although CR does not improve coronary vascular function or integrity, it

does confer improved survival in patients after Ml.

On the other hand, Powell et al's systematic review and meta-analysis of 22 RCTs with
4,834 participants recruited after the year 2000 concluded that there was no effect on on
total mortality or cardiovascular mortality outcomes between exercise-based CR and a
no-exercise control (Powell et al.,, 2018). They did find a small reduction in hospital
admissions after exercise-based CR, but this is unlikely to be clinically important. They
did not include health-related quality of life as an outcome measure. Although 16 of the
22 trials reviewed by Powell et al specified inclusion of additional components of a
comprehensive CR programme, the review remains focused on exercise. Anderson
et al's Cochrane review acknowledged a linear reduction in total mortality effect over
time (i.e., with publication date) and demonstrated an extremely positive effect of CR
overall (Anderson et al., 2016; Lavie, Arena and Franklin, 2016). Moreover, Powell et al
included studies where recruitment periods are unconfirmed (Powell et al., 2018). They
also included patients with stable angina — a group for which CR is not currently
recommended in NICE guidance (Powell et al., 2018; NICE, 2011b). This thesis has not
put emphasis on this review due to the poor quality of this study and the extremely wide

definition of possible CR interventions.
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2.4.2. Review of cardiac rehabilitation in heart failure

Similar to Anderson et al.’s Cochrane review update, Sagar et al. updated the Cochrane
systematic review and meta-analysis of exercise-based CR for patients with HF,
including 33 RCTs and 4,740 patrticipants predominantly with a reduced ejection fraction
(<40%) and New York Heart Association class Il and Ill with >6 months of follow-up
(Sagar et al., 2015). Although there was no difference in pooled total mortality between
exercise-based CR alone or as a component of comprehensive CR programme
compared with the usual care in trials with follow-up to 12 months (RR 0.93 (95% CI 0.69
to 1.27)), there was a trend towards a reduction in trials with follow-up beyond 12 months
(RR 0.88 (95% CI 0.75 to 1.02)). Exercise CR reduced the risk of overall hospitalisations
(RR 0.75 (95% CI 0.62 to 0.92), ARR 7.1%, NNT 15) and HF-specific hospitalisations
(RR 0.61 (95% CI 0.46 to 0.80), ARR 5.8%, NNT 18) and led to improvements in health-
related quality of life. In 13 RCTs that used the Minnesota Living with Heart Failure
guestionnaire — a validated quality-of-life measure — an average 5.8-point increase was
seen in those undertaking exercise as part of their CR compared with those who did not
exercise (mean difference —-5.8 points (95% CIl -9.2 to -2.4, p=0.0007). A difference of
>4 points on the Minnesota Living with Heart Failure questionnaire has been shown to
represent a clinically important, meaningful difference for patients (McAlister et al.,

2004).

Sagar et al.’s updated review showed that the benefits of CR seem to be consistent
across patients regardless of type of CR programme characteristics (i.e. exercise only
vs comprehensive CR, aerobic exercise only vs aerobic and resistance exercise) and
trial characteristics (i.e. length of follow-up and publication date) and may reduce
mortality in the longer term. Many trials included in this review were conducted in the era
of modern medical therapy for HF. For example, in the large multicentre Heart Failure:
A Controlled Trial Investigating Outcomes of Exercise Training (HF-ACTION), 94% of

patients were receiving B-blockers combined with angiotensin-receptor blockers or
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angiotensin-converting enzyme (ACE) inhibitors, and 45% had an implantable
cardioverter defibrillator or implanted biventricular pacemaker at the time of enrolment
(Connor et al., 2009). Many included trials were relatively small and with short-term
follow-up, so the number of deaths and hospitalisations reported by most trials was small
(26 trials <100 participants) and single centre (30 trials), with the large HF-ACTION

contributing about 50% (2,331 participants) of all patients included in the review.

2.4.3. Cardiac Rehabilitation Outcome Study (CROS)

The Cardiac Rehabilitation Outcome Study (CROS) is the first published systematic
review and meta-analysis of RCTs and non-randomised studies (retrospective controlled
cohort and prospective controlled cohort studies) to investigate the efficacy of structured
and multi-component CR compared with the usual care in the post-statin and acute
revascularisation era in a mixed CR population (Rauch et al., 2016). The review only
included studies that recruited patients in 1995 or later (n=25): one RCT, seven
prospective controlled cohort studies, and 17 retrospective controlled cohort studies,
which included a total of 219,702 patients (46,338 after acute coronary syndrome,
14,583 after CABG, and 158,781 from mixed populations) with mean follow-up of 40
months. As CROS only included one RCT and the other trials were systematically
evaluated large, controlled, cohort studies, it makes an important independent
contribution that more closely reflects the conditions in routine clinical practice. This
study showed that participation in CR after acute coronary syndrome or CABG and in
mixed populations with stable CHD is associated with reduced mortality, even in the era

of acute revascularisation and routine medication with statins.

Controlled cohort studies evaluating patients with acute coronary syndrome showed
significantly reduced mortality for patients participating in CR by a factor of 0.37 in all
prospective controlled cohort studies (four studies; hazard ratio (HR) 0.37 (95% CI 0.20

to 0.69); heterogeneity was low (1?=17.8%)) and by a factor of 0.64 in retrospective
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controlled cohort studies (three studies; HR 0.64 (95% CI 0.49 to 0.84), odds ratio (OR)
0.20 (95% CI 0.08 to 0.48); heterogeneity was moderate to substantial). The only RCT
included yielded a neutral result (HR 1.01 (95% CI 0.85 to 1.21)) (West, Jones and

Henderson, 2012).

After CABG, all retrospective controlled cohort studies consistently showed reduced
mortality in patients participating in CR (four studies; HR 0.62 (95% CI 0.54 to 0.70);
heterogeneity was absent (1?=0%)). One additional prospective controlled cohort study

supported this result (Hansen et al., 2009).

In ‘mixed populations’, participation in CR was associated with a significant reduction in
mortality on the basis of five retrospective controlled cohort studies (HR 0.52 (95% CI
0.36 to 0.77); heterogeneity was high 1°=84%) and one prospective controlled cohort
study (HR 0.67 (95% CI 0.55 to 0.82)). Analysis of two retrospective controlled cohort
studies that reported ORs yielded a neutral result (OR 0.56 (95% CI 0.26 to 1.22);
heterogeneity was high (1>=81%)) (Schwaab et al., 2011; Suaya et al., 2009). Although
the study of Suaya et al. showed a significant reduction in mortality (OR 0.42 (95% CI
0.40 to 0.45)) (Suaya et al., 2009), the results of Schwaab et al. were neutral (OR 0.91

(95% CI 0.45 to 1.81)) (Schwaab et al., 2011).

The major finding of CROS is that CR in the modern era of cardiology is associated with
significantly reduced total mortality after acute coronary syndrome and after CABG.
However, in patients after acute coronary syndrome, this positive result of controlled
cohort studies does not concur with the neutral result of RAMIT, the only RCT included
(West, Jones and Henderson, 2012), which indicates that the results from RAMIT may
not be generalisable to a wider population. Although the primary outcome in CROS —
total mortality following CR — was confirmed, the secondary outcomes of cardiac
mortality and rehospitalisation were not evident in CROS, which is contrary to the

findings of the most recent Cochrane review of RCT evidence in patients with CHD or
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after Ml (Anderson et al., 2016). On the basis of CROS findings from 24 controlled cohort
studies including 217,889 patients and reflecting routine clinical care in nine countries
worldwide, participation in structured multi-component CR is associated with reduced
mortality after an acute coronary event, even in the era of statins and acute
revascularisation. The CROS showed a trend in favour to CR participation regarding
cardiovascular mortality and major cardiovascular and cerebrovascular events. Although
CROS did not show any trends regarding non-fatal Ml or non-fatal stroke, it also did not
show a consistent and clear effect of CR on hospital readmissions after acute coronary

syndrome, after CABG or in mixed populations.

The variation in type of mortality benefit between CROS (total mortality) and the
Cochrane review (cardiac mortality) (Anderson et al., 2016) is not clear, but it may be
the result of differences in populations under investigation and the type of CR delivered
— for instance, the Cochrane analysis included ‘exercise-only’ interventions while CROS

exclusively evaluated ‘multi-component’ CR.

Participation in CR was associated with significantly reduced mortality in all but three
studies by Kim et al., West et al. and Schwaab et al (West, Jones and Henderson, 2012;

Kim, Kim and Moon, 2011; Schwaab et al., 2011), which are discussed below.

Kim et al. assessed the prognostic influences of a CR programme in Korean patients
with acute MI during the first year after an episode of the event (Kim, Kim and Moon,
2011). A total of 141 patients with acute MI who underwent PCI were recruited
consecutively and divided into a CR group and a control group. The CR group completed
a phase 2 CR programme in hospital for a period of 6—8 weeks after strict management
of risk factors followed by self-exercise in their community by exercise prescription for a
year after acute MI. Patients in the CR group had a greater reduction in recurrence rate
(14%) and 38 more disease-free days than patients in the control group. In this study,

the CR and control groups were not chosen randomly and a monitoring period of one
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year was too short for sufficient monitoring of progress. In addition, one death in each

group in one year does not support comparison of the mortality rates.

Schwaab et al. reported on a non-randomised study that compared outcomes in patients
who attended a three-week inpatient CR programme or received usual care (Schwaab
et al., 2011). The results of this multicentre cohort study reflect current management of
CR in a large and unselected population in Germany. All patients had acute coronary
angiography, 679 were discharged from hospital receiving usual care, and 795
completed a comprehensive CR programme. After 12 months of follow-up, 16 patients
from the usual care group had died compared with 17 patients in the CR group (p=0.78;
RR reduction 9%; NNT 455). The primary combined endpoint of mortality, MI,
revascularisation and hospitalisation occurred in 32.6% of patients who attended CR and
38.7% of those who received usual care (p=0.01; RR reduction 16%; NNT 17). Although
patients who attended CR were sicker at entry than patients who received usual care,
their outcome was substantially improved within 12 months. This study suggests a
significant reduction of clinical endpoints by 3—4 weeks with inpatient CR in patients with

CHD.

The largest pragmatic RCT of modern day CR in the UK, the RAMIT trial, found no
significant beneficial effects on mortality, cardiac or psychological morbidity, risk factors,
health-related quality of life or activity level from CR (West, Jones and Henderson, 2012).
The findings of RAMIT have been included in the latest systematic reviews (Anderson et
al., 2016; Rauch et al., 2016). Since RAMIT, the two most recent 2016 reviews on CR
effectiveness identified no current RCTs that have been conducted with sufficient sample

sizes to investigate efficacy (Anderson et al., 2016; Rauch et al., 2016).
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2.4.4. Effectiveness of modern cardiac rehabilitation in

real-life settings

Recent observational evidence draws different conclusions to the most current reviews
of trial data with respect to total mortality and rehospitalisation, questioning the
representativeness of historic data in the modern cardiology era. A systematic review of
observational studies investigated the effects of modern day CR in routine practice when
recruitment occurred from 2000 onwards in non-attenders versus attenders (Sumner,
Harrison and Doherty, 2017). Eight studies conducted in six countries involving 9,836
patients with acute Ml were included in the analyses. Overall, CR was found to reduce
the risk of total and cardiac-related mortality and improve health-related quality of life
significantly in at least one domain. The benefits of CR in terms of recurrent Ml were
inconsistent, and no significant effects were found regarding revascularisation or
rehospitalisation following acute MI. Four studies showed that CR was related to a
decreased total mortality: unadjusted OR 0.25 (95% CI 0.16 to 0.40; 1°=66%) and
adjusted OR 0.47 (95% CI 0.38 to 0.59; 1°=0%). Two studies showed that CR was related
to a decreased risk of cardiac-related mortality; unadjusted OR 0.21 (95% CI 0.12 to
0.37; 1?=0%) and adjusted OR 0.43 (95% CI 0.23 to 0.79). Data could not be pooled from
the two identified studies assessing the impact of multi-component CR on readmission
due to the methods by which findings were reported. One study reported an adjusted
effect, finding no significant effect from CR (OR 0.96 (95% CI 0.81 to 1.13)). Three
studies showed that CR was associated with a decreased risk of recurrent Ml in
unadjusted analysis only (OR 0.31 (95% CI 0.13 to 0.74); 1°=61%) while adjusted
analysis found no significant effect (OR 0.72 (95% CI 0.43 to1.21)). In two studies, CR
was not significantly related to a reduction in revascularisation in either unadjusted or
adjusted effect measures (OR 1.07 (95% CI 0.86 to 1.38); 1>=0%, and OR 1.00 (95% CI
0.78 to 1.28), respectively). Heterogeneity prevented date from being pooled from the

two identified studies that reported health-related quality of life.
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Sumner et al. looked to extend the findings of the CROS review of observational CR data
by exploring a homogeneous patient sample (acute Ml only) and including health-related
quality of life outcomes (Sumner, Harrison and Doherty, 2017). In an era where the
existing RCT evidence base is aged and non-representative and there are ethical
challenges with conducting a new effectiveness trial when standard care is established
as CR, this study has provided an important perspective on current day effectiveness of

CR in routine practice.

In comparison with the most recent review of RCT evidence (Anderson et al., 2016), the
findings from Sumner et al.’s study (Sumner, Harrison and Doherty, 2017) and CROS
(Rauch et al., 2016) drew differing conclusions. Specifically, opposite effects in total
mortality and rehospitalisation were found between observational and trial data, with a
reduction in total mortality and no effect on rehospitalisation found in observational
studies. Anderson et al. included historic RCT trials that used exercise-only CR formats,
as well as patients who had different care and treatment options historically versus
modern-day counterparts, and there are inherently different characteristics for RCT
populations compared with those receiving routine care (Anderson et al., 2016).
However, there were some similarities between trial and observational data: no
reductions in recurrent Ml were found, and health-related quality of life improved. The
positive effects on health-related quality of life were found in Sumner’s review of patients
with acute MI (Sumner, Harrison and Doherty, 2017), as CROS did not consider health-

related quality of life (Rauch et al., 2016).
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2.5 Rehabilitation After Myocardial Infarction Trial

(RAMIT)

Systemic reviews and meta-analyses of the effect of CR have had to rely on mostly small
and older trials undertaken over several decades. As clinical management has
transformed over the past 30—40 years, West et al. believed that the findings of historic
trials may have little relevance now in the modern era of early thrombolysis, short hospital
stays and extensive medication (West, Jones and Henderson, 2012). They therefore
commissioned a multicentre RCT to evaluate the effect of CR for secondary prevention
on mortality, morbidity, health-related quality of life, risk factors and activity in patients
following acute Ml (West, Jones and Henderson, 2012). This study compared 1,813
patients referred to comprehensive CR programmes (n=903) or discharged to ‘usual
care’ without referral to CR (n=910) in 14 representative hospitals in England and Wales
during 1997-2000 (West, Jones and Henderson, 2012). A parallel ‘elective’ study
compared 331 patients in matched elective CR (n=197) and elective usual care without

CR (n=134) in hospitals.

The CR programmes reportedly conformed to guidelines issued by the BACPR for phase
3 rehabilitation and comprised exercise training; health education about heart disease,
risk factors and treatment; counselling for recovery; and advice for long-term secondary
prevention. Exercise training, which used equipment in physiotherapy gyms, was
described as the largest component. Programmes were led by nurses with previous
acute cardiac care experience in most centres and by occupational therapists or
physiotherapists in a few. All programmes involved at least one other discipline.
Sessions took place weekly or twice a week and averaged 20 hours over 6—8 weeks. All

patients in the trial (and in the ‘elective’ comparison trial) had similar care in all respects.

The primary outcome measure was total mortality at two years. Secondary measures

were morbidity, health service use, health-related quality of life, psychological general
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wellbeing and lifestyle and cardiovascular risk factors at one year. Patient entry ran from
1997 to 2000, and secondary outcomes were followed up to 2001 and vital status up to

2006.

Baseline characteristics were almost identical. No significant differences between
patients referred to CR and usual care were seen in mortality at two years (RR 0.98 (95%
Cl 0.74 to 1.30)), mortality after 7-9 years (RR 0.99 (95% CI 0.85 to 1.15)), cardiac
events, seven of eight domains of the health-related quality of life scale (36-item short-
form survey (SF36)) or the Psychological General Wellbeing Index. Cardiovascular
morbidity at one-year follow-up did not differ between CR and usual care, and
readmissions to hospital among surviving patients for any cardiovascular condition
during the first year were similar for CR and usual care. No significant differences at one
year were seen in smoking, alcohol consumption or any of the dietary measures between
CR and usual care. Patients who participated in CR reported slightly less physical
activity. Data from the elective hospitals comparison concurred with these findings. The
trial showed no benefit of CR on total mortality at one year, two years or after 7-9 years
and no major effect on morbidity, psychological morbidity, risk factors, health-related

quality of life or physical activity at one year.

The RAMIT is the largest study of CR since the WHO’s European collaborative of 1971—
6 (West, 2012; WHO European Collaborative Group, 1986). It was funded to randomise
8,000 patients to CR or usual care, which was the sample size required to detect a 20%
RR reduction compared with usual care, but it enrolled fewer hospitals and recruited
fewer patients than planned because the study sponsor (the NHS Research and
Development Programme) requested early closure due to initial low recruitment (West,
Jones and Henderson, 2012). Only 1,813 patients were randomised between 1997 and
2000 before funding support was withdrawn, with 903 allocated to rehabilitation and 910
to usual care, and the usual ‘CONSORT diagram’ showing recruitment and losses is

missing from the published paper (Boutron et al., 2008). With fewer than a quarter of the
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total planned patients recruited, the trial was far too small and weak to assess the primary
outcome and only exceeded the required sample size for quality of life measures. Given
the level of total mortality in the control group (84/910, 9.2%), the trial would have needed
about 3,100 patients in each arm to detect a 20% reduction at 80% power, but each arm

had fewer than 1,000 patients.

It therefore is hardly surprising that there was no difference in total mortality, as these
‘comprehensive’ programmes did not achieve any benefit whatsoever at one year
compared with usual care. The prevalence of smoking was almost identical, diet in terms
of fresh fruit consumption was similar, and, paradoxically, physical exercise
(>100 kcal/day) was significantly lower in the CR arm. Alcohol consumption in terms of
moderate and heavy drinking was identical. The management of blood pressure, lipids
and glucose was not reported despite the emphasis on secondary prevention. This was
all delivered in the name of CR and yet was insufficient to reduce the prevalence of
smoking, improve dietary habits, or increase physical activity. However, the findings of
the National Heart Failure Audit run by the National Institute for Cardiovascular
Outcomes Research (NICOR) suggested that survival analysis of patients with HF who
were referred to CR demonstrated improvements of 12% compared with patients not

referred to CR (Donkor, McDonagh and Hardman, 2017).

In the RAMIT study, patients were generally not old, were not afflicted by anxiety and
depression, and were not greatly at risk given mortality of 6% and 17% at one and five
years, respectively. There was no short-term analysis of the 6-8-week rehabilitation
programme until 12 months, at which time the assessments identified similar health

outcomes in both groups.

In terms of the CR intervention in RAMIT, its effectiveness could be questioned when
usual care resulted in a significant increase in exercise at 12 months. A common theme

of all CR programmes in RAMIT was the emphasis they placed on physical exercise. It
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therefore is surprising that physical activity levels were significantly lower in patients who
participated in CR despite exercise being the cornerstone of these programmes.
However, RAMIT did not involve a standard exercise training component: patients only
trained once or twice a week, which is nowhere near the general recommendations for
physical activity in primary or secondary prevention. The study publication did not
describe the intensity, modality and duration of training sessions, and exercise testing
was not performed before and after CR to assess the treatment effect. In addition,
significantly fewer patients were exercising after one year, which suggests underdosing
of exercise. There are significant discrepancies between these study results and the
findings of the NACR: in RAMIT, people who attended CR were exercising less at 12
months than they had been at the start of the programme, but year on year the NACR
consistently reports that patients are doing significantly more exercise 12 months after

being referred for CR (NACR, 2017, 2016, 2015).

However, RAMIT did not include Heran et al.’s update to the review of exercise-based
CR published in 2011 by the Cochrane Heart Group, which included 47 trials
randomising more than 10,500 patients with CHD to exercise-based CR or usual care
between 1975 and 2008 and clearly showed that CR reduces total mortality by 13% and
cardiac mortality by 26% (Heran et al., 2011). In addition, it is essential for a pragmatic
trial to capture a representative sample of clinical practices and patients and to
accurately describe them when publishing findings (Clark et al., 2012), but, unfortunately,
some conventions of trial reporting were not observed in the writing of the RAMIT paper
(Clark et al., 2012; Boutron et al., 2008). The RAMIT paper also failed to mention two
studies that found that participation in CR after PCI was associated with a significant
reduction in mortality rates and acute coronary syndrome patients, who extremely well
treated in terms of pharmacological prevention, and not comply to diet and exercise
recommendations were associated with increased risk of adverse cardiovascular events

(Goel et al., 2011; Chow et al., 2010).
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A retrospective analysis of data from a prospectively collected registry of 2,395
consecutive patients who underwent PCI in Olmsted County, Minnesota, USA, from
1994 to 2008 found that CR led to a 45% reduction in long-term mortality (Goel et al.,
2011). In a three-month landmark analysis in this study, the association of CR with total
mortality, cardiac mortality, MI or revascularisation was assessed through three
statistical techniques: propensity score-matched analysis (n=1,438), propensity score
stratification (n=2,351) and regression adjustment with propensity score (n=2009).
During a median follow-up of 6.3 years, 503 deaths (199 cardiac), 394 Mls and 755
revascularisation procedures occurred in the study subjects. Participation in CR, noted
in 40% (964/2,395) of the cohort, was associated with a significant decrease in total
mortality according to all three statistical techniques (HR 0.53 to 0.55, p<0.001). A trend
toward decreased cardiac mortality was also observed in participants of CR; however,
no effect was observed for subsequent MI or revascularisation. The associations
between CR participation and reduced mortality rates were similar for men and women,
for older and younger patients, and for patients undergoing elective and non-elective

PCI.

A registry of 18,809 patients with acute coronary syndrome from 41 countries enrolled in
the Organization to Assess Strategies in Acute Ischemic Syndromes (OASIS)-5 RCT
examined the influence of adherence to lifestyle and exercise recommendations on the
risk of repeat Ml (Chow et al., 2010). At 30-day follow-up, patients reported adherence
to diet, physical activity and smoking cessation. Cardiovascular events (MI, stroke,
cardiovascular death) and total mortality were documented to six months. About one
third of smokers continued to smoke. Adherence to both diet and exercise
recommendations was reported by 29.9%, adherence to either diet or exercise by 41.6%,
and adherence to neither diet nor exercise by 28.5%. Quitting smoking was associated
with a decreased risk of Ml compared with continued smoking (OR 0.57 (95% CI 0.36 to

0.89)). Adherence with both diet and exercise was associated with a decreased risk of
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MI compared with non-adherence with both (odds ratio, 0.52; 95% confidence interval,
0.4 to 0.69). Patients who reported persistent smoking and non-adherence to diet and
exercise had a 3.8-fold (95% CI 2.5 to 5.9) increased risk of Ml/stroke/death compared
with never smokers who modified diet and exercise. Failure to comply with lifestyle and
exercise recommendations was associated with an early, almost fourfold increased risk

of adverse cardiovascular events.

The RAMIT researchers concluded that CR had no effect on psychological morbidity or
quality of life (West, Jones and Henderson, 2012), but a non-randomised clinical trial
showed that CR has a significant beneficial effect on psychological morbidity (Denollet
and Brutsaert, 2001). In this study, 150 men with CHD involved in CR (n=78) or received
standard care (n=72). There were no differences between CR and control patients with
regard to left ventricular ejection fraction (LVEF) or standard care. Endpoints were
reduction in distress after three months and mortality after nine years. At the end of the
three-month trial, 64 (43%) patients conveyed improvement and 22 (15%) conveyed
deterioration in negative affect. Patients who taken part in CR improved more (p=0.004)
and deteriorated less (p=0.001) than patients who received usual care, so CR was
effective in reducing distress. After nine years of follow-up, 15 patients had died (13
cardiac and two cancer deaths). Mortality was associated with LVEF <50% (p=0.038)
and deterioration in negative affect (p=0.007). Mortality was 17% (12/72) for control
patients versus 4% (3/78) for CR patients (p=0.009), so CR was effective in reducing
mortality. Both LVEF £50% (OR 3.2 (95% CI 1.1 to 9.8), p=0.041) and CR (OR 0.2 (95%
Cl1 0.1 to 0.7), p=0.016) were independent predictors of mortality. Cardiac rehabilitation

thus warded off the deleterious effect of deterioration in negative affect on prognosis.

A matched, cluster-randomised, controlled trial (EUROACTION) in eight European
countries, six pairs of hospitals and six pairs of general practices assigned patients with
or at high risk of developing CVD to a nurse-coordinated, multidisciplinary, family-based

preventive cardiology intervention programme or usual care (Wood et al., 2008). Overall,
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1,589 and 1,499 patients with CHD and 1,189 and 1,128 at high risk were assigned to
intervention programme and usual care, respectively. The primary endpoints were
family-based lifestyle change and management of blood pressure, lipids, and blood
glucose measured at one year. The EUROACTION programme prevented relapse in
some smokers who had stopped smoking after their coronary event: 136 (58%) in the
intervention programme and 154 (47%) in the usual care groups did not smoke one year
after their event (difference between intervention and usual care groups in change from
baseline to one year: 10.4% (95% CI -0.3 to 21.2, p=0.06). For all patients, there was a
significant reduction in saturated fat consumption (196 (55%) vs 168 (40%); 17.3% (95%
Cl16.4% to 28.2%); p=0.009), a substantial increase in intake of fresh fruit and vegetables
(680 (72%) vs 349 (35%); 37.3% (95% CI 18.1% to 56.5%); p=0.004), and an increase
in the frequency of consumption of oily fish at one year (156 (17%) vs 81 (8%); 8.9%
(95% CI 0.3% to 17.5%); p=0.04) with the intervention compared with usual care. More
patients with CHD (615 (65%) vs 547 (55%); 10.4%, 0.6 to 20.2, p=0.04) and patients at
high risk of CHD (586 [58%)] vs 407 [41%]; 16.9% (95% CI 2.0% to 31.8%), p=0.03)
achieved blood pressure target <140/90 mm Hg with the intervention than with usual
care. The proportion of patients who achieved total cholesterol <5 mmol/l did not differ
between groups, but the difference in change from baseline to one year in high-risk
patients was 12.7% (95% CI 2.4% to 23.0%); p=0-02) in favour of intervention. A
considerably higher proportion of patients achieved the physical activity target, an
absolute difference of 34% between intervention and usual care, and the same direction
of lifestyle change for diet and physical activity was seen in partners of the patients. The
EUROACTION trial included a really comprehensive CR programme with corresponding
one-year outcomes, unlike RAMIT, and the principles of EUROACTION are now
epitomised in the MyAction community-based preventive cardiology programme for the

NHS (Connolly et al., 2011).
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The effectiveness of CR, as suggested by the above critical review of RCTs and
observational studies, requires routine practice be delivered in a way that closely reflects

the evidence base. Table 2.1 summarising the key details of each of the above studies.
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Table 2.1 Summary of results

Study 1st Study design Number of Number | Follow-up Types of Outcome measures
author, studies of interventions
year patients Total Cardiovascular Hospital Health-
mortality | mortality admissions | related
quality of
life
Heran, Cochrane 47 RCTs 10,794 >6 months Exercise-based Effective Effective Effective Effective
2011 systematic review CR versus usual
and meta-analysis care for CHD
Anderson, Cochrane 63 RCTs 14,486 >6 months Exercise-based No effect | Effective Effective Effective
2016 systematic review CR versus usual
and meta-analysis care for CHD
Sagar, Cochrane 33 RCTs 4,740 >6 months Exercise-based No effect | — effective effective
2015 systematic review CR versus usual
and meta-analysis care for HF
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CR versus usual

care for CHD

Rauch Systematic review 25 studies: 219,702 | >6 months Multi-component Effective No effect No effect -
(CROS), and meta-analysis 1RCT CR versus usual
2016 7 pCCS care for CHD
17 rCCS
Sumner, Systematic review 8 observational | 9,836 <12 months | Multi-component Effective | effective No effect effective
2017 of observational studies CR attenders
studies versus non-
attenders for CHD
West, 2012 | RCT - 1,813 >12 months | Comprehensive No effect | — No effect No effect

—, not available; CHD, coronary heart disease; CR, cardiac rehabilitation; HF, heart failure; pCCS, prospective controlled cohort studies; rCCS, retrospective controlled

cohort studies; RCTs, randomised controlled trials.
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2.6 Quality of delivery of cardiac rehabilitation

The results of the most recent systematic reviews of evidence on CR support the Class
| recommendation of current international clinical guidelines that CR should be offered
to patients with CVD (Sumner, Harrison and Doherty, 2017; Anderson et al., 2016; Rauch
et al., 2016; Sagar et al., 2015). Provision of exercise-based CR among patients with
established CHD provides important health benefits that include reductions in
cardiovascular mortality and hospitalisation, which are associated with reduced
healthcare costs and improvements in health-related quality of life (Anderson et al.,

2016).

Wood argued that RAMIT demonstrated that CR programmes were not fit for purpose,
explaining that if all 8,000 patients had been randomised, total and cardiovascular
mortality would still have been the same in both arms, because these programmes
achieved no added benefit in terms of lifestyle, risk-factor and therapeutic management
compared with usual care (Wood, 2012). The central question raised by the results of
RAMIT is the quality of participating CR programmes (Wood, 2012), as RAMIT showed
that CR as delivered did not provide any added value over usual care. The reports of the
NACR reveal daunting challenges every year for current NHS programmes, most of

which are inadequately staffed and resourced (NACR, 2017, 2016, 2015; NICE, 2013a).

Only 38% of patients after Ml access CR programmes, and those with angina or other
atherosclerotic vascular disease are largely ignored (NACR, 2015). Median waiting time
to joining a programme after Ml is an astounding five weeks — and even longer after
CABG (seven weeks) — so early opportunities following diagnosis to help patients
understand their disease and its treatment, address anxiety and depression, and reduce

their overall cardiovascular risk are being missed (NACR, 2015).
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The range of disciplines in the UK has significantly declined over the past 3 years,
specifically dieticians, physiotherapists and psychologists, making these programmes
less multidisciplinary and comprehensive (Wood, 2012). Group-based interventions,
rather than individualised care, are still the norm, and this is one explanation for poorer
outcomes from CR —, both in terms of lifestyle change and the totality of risk factor

management.

The suggestion that some CR programmes in the UK are not providing all of the benefits
shown in RCTs is not new (Sumner, Harrison and Doherty, 2017; Rauch et al., 2016;
Dalal, Doherty and Taylor, 2015; Wood, 2012; NACR, 2015). Others have pointed out
that some programmes bear little resemblance to the treatment protocols used in some
of the RCTs and have questioned the assumption that these programmes are delivering
effective treatment (Brodie, Bethell and Breen, 2006). This was one reason that the
British Heart Foundation (BHF) provided funding to establish the NACR, which, for five
years, has documented in its annual report the huge variation among the CR
programmes in England, Wales and Northern Ireland in terms of staffing levels,
multidisciplinary involvement (i.e., dietetics, physiotherapy, psychology, occupational
therapy), duration (i.e., four to 20 weeks) and method of delivery (i.e., individual, group-
based, group-based with ‘home exercise’, outpatient, self-management at home, home-
based and menu-based) (NACR, 2017, 2016, 2015). The uptake rates, refusal rates,
dropout rates and time on the waiting list — all proxy indicators of quality — also vary
widely (NACR, 2017, 2016, 2015). It therefore would be surprising if there was no

variation in outcomes.

The outcomes reported by NACR at one year offer substantial scope for improvement in
terms of smoking cessation, diet and weight management, risk factor reduction and so
on, and these results from the UK are entirely consistent with results from the
EUROASPIRE Il survey, a European-wide audit of one-year outcomes of CR across 22

countries in 2008 — almost a decade after RAMIT started (NACR, 2017, 2016, 2015;
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Kotseva et al., 2013). The cross-sectional EUROASPIRE Ill survey was conducted in 76
centres to describe lifestyle and risk-factor management in patients attending CR
programmes compared to those who do not (Kotseva et al., 2013). Consecutive patients
who had a coronary event or revascularisation before the age of 80 years were identified
and interviewed at least six months after hospital admission. In total, 13,935 medical
records were reviewed and 8,845 patients interviewed (participation rate 73%); 44.8% of
patients reported being advised to attend a CR programme and 81.4% of these did so
(36.5% of all patients). Wide variations were seen in participation in CR programmes
between countries and diagnostic categories — ranging from 15.9% of those who had a
coronary event to 68.1% in those who underwent revascularisation. Characteristics
associated with participation in a CR programme included younger age, male gender,
higher educational level and CABG as a recruiting index event, while smokers were less
likely to attend a CR programmes. Cardiac rehabilitation programmes in Europe are
underused, with poor referral, low participation rate and wide variations between
countries. The EUROASPIRE Il survey showed that cardiovascular prevention is still

poorly implemented in daily practice.

Given insufficient patient uptake to CR programmes, protracted delays in patients joining
CR programmes, and the decline in participating disciplines, which is making
programmes less comprehensive, the NACR findings should be a wake-up call to all CR
programmes in the UK to look at themselves, the service they provide and the
gquantitative outcomes they achieve, as well as their ability to deliver all aspects of

secondary prevention of CVD.
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2.7 Conclusion of the literature

Although several recent studies, meta-analyses (Sumner, Harrison and Doherty, 2017;
Anderson et al., 2016; Rauch et al., 2016; Sagar et al., 2015) and recommendations of
international guidelines (BACPR, 2017; Piepoli et al., 2016; Smith et al., 2011) suggest
a beneficial effect of CR in patients with CVD, considerable scientific doubt is still
apparent. The BHF research group led on a series of observational studies using NACR
data. The NACR collects electronic audit data at the patient level, which, when pooled
across all programmes, has shown that the key outcome targets for CR defined in the
service framework for CHD are being met or exceeded, with the exception of referral,
which, on average, is less than half that advocated. These improvements in outcomes
are evident after CR. One of the most striking outcomes for patients is the reduction in
those who were sedentary before and after CR (63% vs 33%) and the 30% increase in
the proportion of patients who met the UK’s recommended guidelines for physical activity

after CR (NACR, 2017).

The type of CR offered varies considerably between and within countries with respect to
content, duration, intensity and volume, and worldwide there are no accepted standards
for judging the quality of CR delivery, thereby leaving doubt as to the effectiveness of CR
as delivered in routine clinical practice (Zwisler et al., 2012; Bjarnason-Wehrens et al.,
2010). Such differences in outcomes from the latest three recent meta-analyses highlight
the ongoing need for well-designed studies with specified standards in CR delivery and
study reporting (Sumner, Harrison and Doherty, 2017; Anderson et al., 2016; Rauch et
al., 2016). Moreover, these problems underscore the need for RCTs to prove efficacy
under controlled (experimental) conditions and for controlled and well-designed
observational studies to prove the effectiveness of clinical interventions as complex as

CRin clinical practice.
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Current observational evidence from Sumner et al.’s review of patients after acute Ml
and the mixed CR populations in CROS seems to contradict the findings of the most
recent Cochrane review with respect to total mortality and rehospitalisation (Sumner,
Harrison and Doherty, 2017; Anderson et al., 2016; Rauch et al., 2016). These
differences highlight that analysis of data that is closer to clinical practice yields different
findings to analysis of data from clinical trials, which are known to recruit populations less
representative of the general patient population. However, Sumner et al.’s recent review
of observational data shows that CR reduces total mortality and improves health-related
quality of life (Sumner, Harrison and Doherty, 2017). There is a fundamental need to
evaluate the quality of routine practice CR and clarify the extent by which it reflects the

evidence base.
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Chapter 3 Methods

3.1. Introduction

This chapter describes the dataset of the National Audit of Cardiac Rehabilitation
(NACR), which was used to obtain cohort data for the research described in this thesis,
as well detailing the methods used for this research. The chapter begins by describing
the NACR data source, including the methods for collecting NACR data, as well as
ethical approval for the NACR audit and the research described by this thesis. This
chapter then explains the design and variable definitions used in the research, as well
as the cardiac rehabilitation (CR) service standards, statistical methods, and how
missing data and outliers were handled. It also describes a short survey used to add CR
programme-level details to evaluate the impact of CR on smoking cessation, which is a
key part of secondary prevention and rehabilitation and a British Association for
Cardiovascular Prevention and Rehabilitation (BACPR) core component of lifestyle risk-
factor management (BACPR, 2017). More details on the statistical methods used for
each substudy of this research are given in the relevant chapters. Permission to use

figures from the NACR authors is shown in Appendix 1.

3.2. Data source

The NACR is a British Heart Foundation (BHF) strategic project established in 2005 and
hosted and managed by a team based in the Department of Health Sciences at the
University of York in collaboration with NHS Digital (NACR, 2017; NHS, 2012). The
NACR collects comprehensive audit data to support monitoring and improvement of
cardiovascular prevention and rehabilitation services in terms of access, equity in

provision, and quality and clinical outcomes. It aims to establish the extent of accessibility
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and uptake of CR services, promote best practice, and improve service quality in

cardiovascular prevention and rehabilitation services by (NACR, 2017; NHS, 2012):

monitoring and supporting CR teams and commissioners to deliver high-quality and
effective services to evidence-based standards for the benefit of all eligible patients
e informing local and national planners, providers and commissioners where services
are not reaching expected standards defined in key national guidance
e mapping the extent of provision and highlighting inequitable provision and
insufficiencies in delivery compared with key service indicators at strategic clinical
network, clinical commissioning group, health board and cardiac network levels for
more than 300 programmes in the United Kingdom (UK), so that local providers of
CR can formulate appropriate business plans and work towards all patients having
an equal opportunity to benefit
¢ describing the typical gains on agreed outcomes, cardiovascular disease (CVD) risk
profiles, and healthcare and social care utilisation that a patient can expect from CR,
by which the effectiveness of routinely delivered CR programmes can be judged
e examining reasons for variation in patient outcomes between programmes, so that
services can be helped to improve
e using and sharing audit and research data generated through the NACR to inform
appropriate national bodies including:
o Department of Health, NHS England, and NHS healthcare commissioning
processes and decision making
o development of National Institute for Health and Care Excellence (NICE) clinical
guidance and service specification
o Cardiovascular Care Partnership UK
o BACPR
o clinical practice standards from national associations

o public and cardiac patient groups about how local services are performing.
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The NACR is the only source of information on CR services across the UK. Data for the
NACR are collected by NHS Digital (formerly the Health and Social Care Information
Centre (HSCIC)), which holds data and information relating to health and social care

(http://content.digital.nhs.uk/).

The UK has the potential to lead the world in CR uptake and is in the top 2% of countries
in Europe (Bjarnason-Wehrens et al., 2010). In the NACR in 2017, overall mean uptake
to CR in the UK achieved a significant milestone by reaching 51% (NACR, 2017). The
total number of CR programmes entering data electronically to the NACR is 224 (that is,
74% of all 303 programmes), and the average number of patients starting CR per
programme in the UK is 290 (NACR, 2017). Note that Scottish programmes do not

participate in the NACR.

Registration and input of data to the NACR is one of the six BACPR standards, which
aims to use audit data to quality assure CR delivery and drive service improvement

(BACPR, 2017). The NACR data entry pathway is shown in Figure 3.1.

[ GP / Acute ] . [Acute / Outpatient ] . [Ou!patient/Community ] . [Outpatient/Commun'ny ] . [Outpajient/ Community / GP ]

|

Identify and refer Manage referral
patient and recruit patient

Conduct final CR

Assess Patient Assessment

Deliver
comprehensive

Develop patient care CR Programme

plan

Discharge and
transition to long term
management
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before core rehab delivery: Assessment 2 end
of rehab. Repeat of
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start dates for all

From patient self
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recorded in Initiating early and core rehab
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date recorded

Risk Assessment

Previous events and
comorbidities

and clinical appointment

Measures physical /
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and depression / drugs
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recorded. Core

components listed

for outcomes
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recorded

Ass 3 at 12 month follow
up if resourced to do so

National Audit of Cardiac Rehabilitation

Figure 3.1. National Audit of Cardiac Rehabilitation (NACR) and the cardiac rehabilitation

pathway. Figure reproduced with permission of NACR (2017) (see Appendix 1)
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3.2.1. Methods for collecting data for the NACR

The NACR database captures a wide range of information on clinical and other expected
outcomes of CR, as well as patient demographics and process data. The dataset is
contained within a national (electronic) database linked to NHS Digital (NACR, 2017,
NHS, 2012). The NACR uses a quality approach, with extensive data checking and
validating, which has reduced the burden of matching and cleaning audit data. The
NACR has developed a comprehensive dataset that consists of numerous data fields

collected either via CR programmes or by annual postal survey or e-survey.

3.2.1.1. Submission of data by programmes on individual patients

Data for the NACR are gathered by clinicians using purpose-designed questionnaires.
Patient-level data are collected via the administration of patient questionnaires before,
immediately after, and 12 months after a patient starts to attend a CR programme. The
staff of the CR programmes distribute the questionnaires, receive the replies, and submit
the data to the NACR database. Information from these questionnaires, which includes
medical history, demographics, smoking, physical activity, and mental and physical
wellbeing, is entered directly into the NACR database either manually through a secure
online portal provided by NHS Digital or indirectly by importing data into the system from
other third-party applications or a bespoke local database (NACR, 2017; NACR and NHS
Improvement, 2012). Pseudonymised data are passed to the NACR team at the
University of York, which uses the data to produce annual reports and ad-hoc reports for
individual programmes on request. Cardiac rehabilitation programmes can also view and
download data for local analysis, as well as requesting bespoke reports from the NACR.
Participation in the NACR is voluntary and not all CR services use the electronic

database.
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3.2.1.2. Annual postal survey of programmes

The NACR team at York sends questionnaires out to the coordinators of every CR
service on the register they maintain, receive the responses, collate the results, and
include them in annual reports. An annual postal survey collects information on
organisational elements such as staffing and activity and for programmes that are not

yet linked up to the electronic database.

3.2.1.3. e-survey

The NACR team at York also collects information by sending out e-survey questionnaires

aimed at addressing key service delivery issues.

3.2.2. NACR dataset

The NACR dataset consists of numerous data fields, and data are collected via a set of
questionnaires completed by patients themselves or by the CR programme team at
clinical appointments/rehabilitation sessions with the patient (NACR, 2017). The data
collected includes:
o demographics (age, gender, marital status, ethnicity)
¢ initiating event, which can be a diagnosis such as myocardial infarction (Ml), a
treatment such as percutaneous coronary intervention (PCI) or a combination of
Ml and PCI; additional information includes comorbidities, acute events during
CR, previous cardiac events, and the reason for CR
e waiting time (date of initiating event, date referred to CR, date started CR, date
completed CR)
¢ clinical information (blood pressure, weight, height, cholesterol, drugs)
o lifestyle information (smoking status, level of physical activity, physical fithess)
e health-related quality of life (scored via Dartmouth Primary Care Cooperative

Information Project (COOP) questionnaire)
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e mental health (anxiety and depression as scored via the Hospital Anxiety and
Depression Scale)

e duration of CR (length of programme and number of sessions)

e dropout rates (reason for not completing CR)

e CR information (each phase has a separate record, which includes type of CR
received, start and end dates, reasons for not taking part or not completing CR)

e assessment records (three assessments in total: assessment 1 is completed
before the core CR programme begins, assessment 2 is after CR is completed,
usually after the last session, and assessment 3 is 12 months after CR is
completed; these assessments include drugs that the patient is taking at each
assessment, cardiovascular risk factors (weight, body mass index (BMI), blood
pressure, cholesterol, physical activity level, smoking status), Hospital Anxiety

and Depression Scale scores, Dartmouth COOP score, and employment status.

3.3. Ethics approval

The NACR has approval to collect patient-identifiable data without explicit consent from
individual patients from the Health Research Authority’s Confidentiality Advisory Group
through NHS Digital (under Section 251 of the NHS Act 2006) (NACR, 2017). The NHS
has in place an ‘exemption from consent’ process, by which clinical and personal data
are entered into NHS systems without explicit consent. Patients are informed about the
purposes of the audit, how the information will be used through face-to-face
communication, and about the assessment questionnaires that are used to collect data
for the audit. Information on the front of these questionnaires provides patients with
details of why the data are being collected, how they are used, who can see them, and
their right to opt out without any effect on their treatment. Section 251 approval covers
the roles of the BHF, NHS Digital, and NACR team and ensures the highest quality

procedures for collecting, sharing, and using only agreed data about a patient's CR
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experience. This ethical approval and the role of the national audit are reviewed each

year by the Health Research Authority’s Confidentiality Advisory Group.

Ethics approval was not specifically required for the cohort studies undertaken for the
research reported in this doctor of philosophy (PhD) thesis, because the research only

used pseudonymised data.

3.4. National Certification Programme for Cardiac

Rehabilitation in the UK

In July 2015, the NACR and BACPR, as the UK’s national body for CR, launched a
National Certification Programme for CR (NCP_CR) for the UK, which would be based
mainly on assessment of quality-assured patient-level NACR data and certification of
whether CR programmes meet service standards for CR delivery (Furze, Doherty and
Grant-Pearce, 2016). The standards for certification were developed by a group of
academic and clinical experts in CR and based on the published BACPR standards
(BACPR, 2017). The standards are developed from median UK data in the NACR annual
report and are updated every other year when new NACR data are published (NACR,

2017).

3.5. Study design

All studies for this PhD research involved a retrospective observational study design
using data derived from the NACR, with an additional prospective e-survey questionnaire
in order to gain insights into the quitting smoking support offered to patients participating

in CR in the UK.
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Data from 1 April 2013 to 31 March 2014 (the first year of the NCP_CR standards), which
have been validated, were extracted and used to support analysis of the studies reported
in Chapter 4. The latest three years of NACR data from 1 April 2013 to 31 March 2016

were also extracted and validated and used for the studies in Chapter 5.

This PhD research included patients who:

a) started CR
b) were assessed at baseline

c) had follow-up data at an assessment after CR.

All of the research studies reported in this thesis follow the guidelines of the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) (von
Elm et al., 2008), which were developed to provide recommendations on what should be

included in an accurate and complete report of an observational study.

3.6. Variable definitions

The variables used in this research were collected as part of the NACR routine data and
are defined below (Figure 3.2). A variety of baseline characteristic variables were
recorded in the assessment before starting CR (pre-CR) and outcome variables were
recorded in the assessment immediately after CR (post-CR). This research included pre-
and post-CR variables in the database. From information provided, new variables that
could be used in this research were created, which are described in greater detail in
Chapters 4 and 5. The NACR assessment questionnaire on which variables were

collected and used is given in

Appendix 2. Further detail on how the new variables were developed from the information

available in the NACR dataset is given below.
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Figure 3.2. Study variables

3.6.1. National standards

The BACPR has developed standards and core components required for delivery of CR
within the UK (BACPR, 2017). The standards defined by BACPR are an achievable level
for CR programmes to aim for while still delivering a good quality standard of CR service
and are derived from the national averages in the latest published version of the NACR
annual report (BACPR, 2017; Furze, Doherty and Grant-Pearce, 2016; NACR, 2015).
The BACPR/NACR’s NCP_CR is used to assess whether a CR programme meets the
recommended quality of service delivery standards across the UK (Furze, Doherty and
Grant-Pearce, 2016). Within the NCP_CR report (see Appendix 3), quality of service
delivery is compared with six standards that are deemed important to define the delivery
of high-quality CR programmes, and these are used alongside 95% confidence intervals
(Cls) as part of the certification criteria derived from all three countries that participate in
the audit (England, Wales, and Northern Ireland). The NCP_CR’s quality service delivery

criteria to define high-quality CR programmes were based on NICE clinical guidance and
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national CR statistics for the UK from the NACR 2015 report, which was the first year of

the NCP_CR (NACR, 2015; NICE, 2013c, 2010c).

The BACPR (2017), NICE (clinical guideline (CG) 172 and CG108) and Scottish
Intercollegiate Guidelines Network (SIGN) (2017) recommend that CR programmes
should be offered early and should be underpinned by assessment before starting and
on completion of the programme (BACPR, 2017; SIGN, 2017; NICE, 2013c, 2010c). The
duration and frequency of CR, based on NICE guidance (NICE CG172) and a Cochrane
review by Anderson et al., should ideally be 12 weeks (or no less than eight weeks as
recommended by BACPR) at a frequency of twice per week (BACPR, 2017; Anderson
et al., 2016; NICE, 2013c). Consequently, it is possible to compare the available data in

the NACR database with recommended standards.

An example of using the national average to set a standard is Standard 4 of the BACPR’s
standards published in 2017, which states that provision of CR “...shall occur within 10
working days of receipt of referral”’; however, most CR programmes are not yet delivering
early CR (BACPR, 2017; NACR, 2015). The national average (median) figure from the
2015 NACR report from referral to start of CR was 38 days for people after Ml or PCI, so
this was the figure used as the standard for this aspect of certification in 2015 (NACR,

2015).

3.6.1.1. Quality of cardiac rehabilitation

The NCP_CR report includes six measures deemed to be important to define the delivery
of high-quality CR programmes. A CR programme was given a score of 1 for each
standard that it achieved, with a total score that ranged from 1 to 6. The quality of delivery
of CR programmes was categorised into three groups: scores of 5—6 represented high
quality, scores of 3—4 represented middle quality, and scores of 1-2 represented low
quality. If a programme did not meet any of the six criteria, they were considered to have

failed.
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3.6.1.2. Confidence interval

Within the six standards used in this research to define high-quality CR programmes,
five standards were assessed by the 95% CI of the mean/median value, which is the
range of values within which the mean/median resides. The five standards assessed in

this way are:

e mean percent of patients attending CR with recorded assessment before starting
formal CR programme (Ax1)

e mean percent of patients attending CR with a recorded assessment after
completing CR programme (Ax2)

e median waiting time from referral to start (TRS) of CR after MI/PCI
(TRS_CR/MIPCI)

e median TRS of CR after CABG (TRS_CR/CABG)

¢ median duration of CR programmes.

3.6.1.3.  Priority groups

The BACPR and NACR highlight and recommend offering CR to at least four priority
groups in which there is a need to improve uptake: those who have had MI, PCI, CABG

and those with HF (BACPR, 2017; Furze et al., 2016; NACR, 2015).

3.6.1.4. Timing of cardiac rehabilitation

Time from referral to start of CR, delivered soon after discharge from acute services or
as part of a step change in clinical treatment for CVD, is a key recommendation of NICE
CG172 and SIGN guidelines and forms one of the BACPR’s standards (BACPR, 2017,

SIGN, 2017; NICE, 2013c).

3.6.1.5. Pre- and post-cardiac rehabilitation assessment

Assessment is another key recommendation of NICE CG172 and SIGN guidelines and

also forms one of the BACPR’s standards (BACPR, 2017; SIGN, 2017; NICE, 2013c).

77



The BACPR and numerous clinical guidance and position statements stress the
importance of pre- and post-CR assessment, and these are seen as essential if patients

are to experience a tailored intervention and achieve the expected outcomes.

3.6.1.6. Duration of cardiac rehabilitation

The BACPR and NACR’s recommended duration of CR is eight weeks (BACPR, 2017;

NACR, 2015).

3.6.2. Demographics characteristics

This section describes the demographic variables collected in the NACR and how some

were used and adapted for the research reported in this thesis.

3.6.2.1. Patients who started cardiac rehabilitation

To calculate the number of patients who started CR in a programme in a period of time
by the NACR database, the number who started were counted using date starting
participation. This is the date of first active participation in an agreed plan of CR — that
is, when the patient does something observable such as a structured home exercise plan
(NACR, 2015). For a group-based programme, it is the date of the first attendance at the
group, and for a home-based or individualised programme, it is the date on which the
patient undertook their supported activity at home. The patient may have been seen on

the ward, in a clinic, or given general advice at a home visit.

3.6.2.2. Delivery of CR by a multidisciplinary team

The BACPR/NACR recommends that the six core components of CR are delivered by a
qualified multidisciplinary team (MDT) of skilled and experienced staff who aim to support
a multi-morbid patient population to achieve optimal outcomes from CR (BACPR, 2017,

NACR, 2015). The BACPR/NACR state that a CR programme needs to include at least
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three different professions in the team (BACPR, 2017; NACR, 2015). Staffing information

in the NACR dataset include the number and total hours of the following staff:

¢ Nurse specialist

¢ Physiotherapist

e Dietician

e Practitioner psychologist
e Social worker

e Counsellor

e Physician with special interest in prevention and rehabilitation
e Healthcare assistant

e Secretary

e Administrator

o Exercise specialist

e Occupational therapist

¢ Pharmacist

e Physiotherapy assistant.

Using the staffing data information provided, two new variables were created: total staff
hours and a dichotomous MDT variable (MDT with more than or equal three member of

staff and other).

3.6.2.3. Age at initiating event

Age is derived from the year of birth recorded in the NACR (NACR, 2015). Age at

initiating event (years) is calculated from date of birth difference to initiating event date.
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3.6.2.4. Gender
The NACR 2015 audit divided gender into two categories (NACR, 2015):

e Male

e Female.

3.6.2.5. Marital status
The NACR 2015 audit divided marital status into six categories (NACR, 2015):

e Single

e Married

e Permanent partnership
e Divorced

e Widowed

e Separated.

At 70%, married was the dominant social status in the NACR 2015 report, with the other
forms of marital status ranging from 1% to 11%. The six categories of marital status were
used to create a new dichotomous marital status variable ‘partnered’ or ‘single’, with
patients who were single, divorced, widowed, or separated recorded as single and those

who were married or in a permanent partnership recorded as partnered.

3.6.2.6.  Ethnic group

Ethnic group is a self-reported category in the NACR database (NACR, 2015). In the
2015 NACR report, the ethnicity of patients attending CR was predominately White

British (81%).

To simplify analyses, the ethnicity information provided was used to create a new

dichotomous ethnicity status variable ‘White’ or ‘Other’, with patients who were white
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British, Irish, or any other white background recorded as white and all other ethnicities
recorded as ‘Other’.
3.6.2.7. Work and employment

Employment status is a self-reported category in the NACR database (NACR, 2015).
The dominant employment status in the 2015 report was retired (56%), followed by

employed (27%) when part-time and full-time employment were combined.

The NACR 2015 audit divided employment status into the following status (NACR, 2015):

Employed full time

o Employed part time

e Self-employed full time

o Self-employed part time

¢ Unemployed/looking for work
e Government training scheme
e Looking after family/home

e Retired

¢ Permanently sick/disabled

e Temporarily sick/injured

e Student

Other reason not working.

The employment status variables were used to create a new dichotomous employment
status variable ‘employed’ or ‘unemployed’. Patients who were employed full- or part-
time or self-employed full- or part-time were recorded as employed, and all other

employment statuses were recorded as unemployed.
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3.6.2.8.  Social deprivation

The English Index of Multiple Deprivation (IMD), the official measure of relative
deprivation for small areas (or neighbourhoods) in England, is used to evaluate the role
of social deprivation, which is linked to the NACR database (Department for
Communities and Local Government, 2015). The IMD combines scores across seven
diverse domains of deprivation — income; employment; education, skills, and training;
health and disability; crime; barriers to housing and services; and living environment —
with each domain having its own weight (Department for Communities and Local
Government, 2015). The IMD ranks every small area in England, known as lower-layer
super output areas (LSOAS), from 1 (most deprived area) to 32,844 (least deprived area)
and publishes deprivation ‘deciles,’ calculated by dividing the 32,844 ranked subareas
into 10 equal groups, alongside the ranks (Department for Communities and Local
Government, 2015). The groups are ranked from 1 to 10, so an LSOA in group 1 is
among the most deprived 10% of LSOAs nationally and an LSOA in group 10 is among
the least deprived 10%. The IMD has been criticised as a measure of individual
deprivation (Shaw et al., 2007), and it is undoubtedly cruder than individual measures of
social class, such as those used in the Whitehall Il (Hemingway et al., 2000); however,
it has been found to be strongly associated with CHD and mortality (Hippisley-Cox et al.,

2010; O’Flaherty et al., 2009).

3.6.3. Comorbidities

The 2015 NACR defined comorbidities as any of 19 conditions commonly associated
with CR conditions that make them eligible for CR, such as angina, diabetes and cancer,
and these are routinely collected by the NACR and reported in the national report (NACR,

2015). The comorbidity profile for CR patients include the following:
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e Angina

e Arthritis
e Cancer
e Diabetes

e Rheumatism

e Stroke

e Osteoporosis

¢ Hypertension

e Chronic bronchitis

o Emphysema

e Asthma

e Claudication

e Chronic back problems
o Anxiety

o Depression

e Family history of CVD
e Erectile dysfunction

e Hypercholesterolaemia/dyslipidaemia

e Other comorbidity.

The profile of patients eligible for CR is becoming increasingly multimorbid across a
range of different conditions. Multimorbid presentation is an important consideration
when carrying out baseline assessments and tailoring an intervention for patients.
According to the NACR 2015 report, hypertension was the most dominant comorbidity,
affecting 64% of patients participating in CR, followed by hypercholesterolaemia and
diabetes (NACR, 2015). Previous analysis of NACR data for 2013 has shown that the
benefit for patients following CR decreases as the number of comorbidities increases

(NACR, 2013).
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The comorbidity profile for each CR patient was used to create a new variable that is the
sum of a patient’s comorbidity conditions. A percentage of each comorbidity in a
programme was also calculated by diving the number of patients with a comorbidity by

the total number of patients who started a CR programme.

3.6.4. Risk stratification

Risk stratification is a multifactorial measure used to establish prognosis of future major
cardiac events or exercise complications by using all relevant patient information, e.g.
left ventricular ejection fraction, history of arrhythmia, symptoms, and functional capacity
(BACPR, 2017; ACPICR, 2015; AACVPR, 2013; BACR, 2006). Mortality risk within the
first year is 2% for an individual assessed as low risk, 10-25% for an individual assessed
as moderate risk, and >25% for those assessed as high risk (see Appendix 4) (BACPR,

2017; ACPICR, 2015; AACVPR, 2013; BACR, 2006).

3.6.5. Anthropometric measurements

Anthropometric measurements that are available in the NACR database (NACR, 2015)

include:

e Weight (kg)
e Height (m)
e BMI (kg/m?)

e Waist (cm).

If BMI is >30 kg/m?, a person is considered to be obese (Centers for Disease Control

and Prevention, 2016).
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3.6.6. Smoking

Smoking status in the NACR database is recorded using information obtained from
patient self-report questionnaires (NACR, 2015). The patient was allocated to the

relevant category based on their status:

¢ Never smoked
e Ex-smoker
e Stopped smoking since event

e Currently smoking.

The smoking status recorded before and after CR for each patient in the NACR was used
to create a new dichotomous variable ‘continued smokers’ or ‘quitters’, which was used
for the smoking outcome study (Chapter 5). Patients were defined as continued smokers
if they were current smokers in the pre-and post-CR assessments or quitters if they were
current smokers at the pre-CR assessment but had no smoking status at the post-CR
assessment. Figure 3.3 gives a graphic representation of this variable definition; the

findings are given in Chapter 5.
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Figure 3.3 Graphic representation of smoking groups

3.6.7. Blood pressure

Blood pressure (BP) measurements were included in the NACR (NACR, 2015):

e Systolic blood pressure (SBP)

e Diastolic blood pressure (DBP).

If BP is >140/90 mmHg, a patient is considered to have hypertension (NICE, 2013b). The
pre- and post-BP measurements for each CR patient were used to create a new variable,

in which hypertension (BP >140/90) was categorised as Yes or No.
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3.6.8. Alcohol

Alcohol consumption status in the NACR database is recorded using information
obtained from patient self-report questionnaires about weekly alcohol consumption
(NACR, 2015). Where a weekly unit amount was recorded, the patient was allocated to

the relevant category based on their gender and the recommended weekly units.

The NICE guidelines recommend that men should not regularly drink more than 21 units
of alcohol per week and women should not regularly drink more than 14 units of alcohol

per week (NICE, 2010a).

3.6.9. Physical fitness and activity

Physical activity status in the NACR database is recorded using information obtained
from patient self-report questionnaires about weekly physical activity (NACR, 2015).
Where a weekly type and time of activity were recorded using the Chief Medical Officer’s

Physical Activity Questionnaire (

Appendix 2), the patient was allocated to the relevant category based on the
recommended UK physical activity guidelines, which recommend regular moderate
physical activity of at least 30 minutes duration on average five times a week or
equivalent — e.g. 150 minutes over seven days and 75 minutes of vigorous exercise a
week (Bull et al., 2010). Exercise tests such as the incremental shuttle walking test and
six-minute walk test are used to assess physical fithess in patients attending CR

(Gremeaux et al., 2011).

3.6.9.1. Incremental shuttle walking test

The incremental shuttle walking test (ISWT) is an externally paced maximal exercise test
that evaluates physical fitness based on the distance walked around a 10-metre course

according to different speeds dictated by an audio signal (Singh et al., 1992). The ISWT
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involves walking on the flat between two markers 10 metres apart; at the end of each
minute, the speed is increased through a series of pre-recorded signals until the
participant can no longer continue. The maximum duration of the test is 20 minutes. Each
stage of the test is related to a particular metabolic equivalent, with 1 MET equivalent to
oxygen uptake (VO,) of 3.5 ml/kg/min (Pescatello et al., 2014). The primary outcome of
the ISWT is distance measured to the nearest 10 metres. The information is entered into

the NACR as the number of metres walked and the number of minutes walking.

3.6.9.2. Six-minute walk test

The six-minute walk test (6MWT) is a widely used validated assessment of physical
fitness and prognosis in patients with cardiorespiratory diseases, because it is
reproducible, well tolerated in patients with CVD, and can be used to assess CR
programmes (Gremeaux et al., 2011; Nogueira et al., 2006; Gayda et al., 2004; Verrill et
al., 2003). The 6BMWT is a self-paced test of walking capacity, in which patients are asked
to walk on a measured track or walkway at a comfortable pace for a maximum of six
minutes. The 6MWT is recorded as part of the NACR (NACR, 2015). The distance in
metres is recorded as the primary outcome, and the time to complete the walk is also

recorded if the patient walks for fewer than six minutes.

3.6.10. Hospital Anxiety and Depression Scale

The Hospital Anxiety and Depression Scale (HADS) was devised more than 30 years
ago by Zigmond and Snaith to measure anxiety and depression in a general medical
population of patients (Appendix 5) (Zigmond and Snaith, 1983). The HADS
questionnaire is simple, quick and easy to use. It is one of the tools NICE recommends
for diagnosis of depression and anxiety (NICE, 2011a) and has been validated for initial
diagnosis and to track progression of psychological symptoms (Snaith, 2003; Bjelland et

al., 2002).
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The HADS questionnaire comprises seven questions for anxiety and seven questions
for depression and takes 2-5 minutes to complete. Although the anxiety and depression
gquestions are interspersed within the questionnaire, it is vital that these are scored
separately. Cut-off scores are available for quantification — for example, a score >8 has
specificity of 0.78 and sensitivity of 0.9 for anxiety and specificity of 0.79 and sensitivity

of 0.83 for depression (Table 3.1) (Bjelland et al., 2002).

Table 3.1 Hospital Anxiety and Depression Scale (HADS) score

Score Description

0-7 Normal

8-10 Borderline abnormal
11-21 Abnormal

3.7.  Statistical analysis

The analyses in this research were conducted using IBM Statistical Package for Social
Sciences (SPSS) software statistics version 24 (IBM Corp, Armonk, New York, USA)
using all available data from CR patients and programme centres across the UK to
minimise selection bias. A value of p<0.05 was considered to be statistically significant.
Normal quantile—quantile plots were used to check for variables normality, (Bland, 2000).
Some statisticians advocate not using formal tests to check for equal variances, as these
are not robust against non-normality, but rather to use a rule of thumb suggested by
simulation studies that if the ratio of the maximum (Max) standard deviation (SD)
estimates to the minimum (Min) SD does not exceed 2 for the assumption to hold (Dean
and Voss, 1999). Effect sizes are reported. Phi and Cramér's V are a measure of the

effect size or strength of association of a nominal by nominal relationship (Cohen, 1988).
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Phi and Cramér's V ranges in value from 0 to +1 with a value of O indicating no
association and a value of 1 indicating complete association (Cohen, 1988). Partial eta
squared (n?) also have been reported as an effect size. Cohen's d test was used as a
measure of the effect size to indicate the mean difference between two groups in
standard deviation units (Cohen, 1988). It shares the same range as standard deviation
(-3.0 to 3.0). Variables were considered in the regression equation according to their

association (Field, 2018).

Cardiac rehabilitation programmes were aggregated to identify those that met the
standard criteria (see Chapter 4). A chi-squared (x?) test was conducted to determine
the association between a CR programme meeting each standard and the programme’s
quality category (low, medium or high quality) overall and between the three countries in
the NACR (England, Wales, or Northern Ireland) (Cohen, 1988). Data were also
analysed using the one-way analysis of variance (ANOVA) test to determine whether the
standard criteria and demographic characteristics of CR programmes were different
among quality categories (low, medium or high quality) and between the three countries,
and results from the Games-Howell post-hoc test were used for multiple comparisons.
Two multinomial logistic regression models were also used to test for independent

predictors of high-quality delivery of CR.

Frequency tables were generated to categorise CR patients as smokers and quitters
according to their recorded pre- and post-CR smoking status. Differences in baseline
characteristics were then compared using independent-samples t-test for continuous
variables or chi-square test (y?) for categorical variables. In addition, a x?test for
association was conducted between baseline sociodemographic and clinical
characteristics and smokers and quitters participating in CR (Cohen, 1988). Binary
logistic regression was used to predict the probability of quitting smoking among CR
attenders. Variables were considered in the equation for the binary logistic analysis

based on the extent of association between smokers and quitters (Field, 2018). Such a
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comparison gives a sense of the importance of distinguishing between patients who
continue to smoke and patients who quitted smoking and how this might vary between
them in term of outcomes. This comparison is presented, separately for continued
smokers and quitters, in Chapter 5. A multiple linear regression model was constructed
to understand the effect of continuing smoking or quitting smoking on CR outcomes, with
adjustments for the outcome CR score by the baseline CR score for each characteristic.
The potential clustering is incorporated within centre into the predictors of quitting
smoking and CR outcomes between smokers and quitters analyses which presented
within Chapter 5. These analyses were conducted using Stata version 15.0 (StataCorp

LLC, College Station, Texas, USA).

For all variables, the extent of missingness and the number of available observations for
each variable within the dataset are given in Chapters 4 and 5. The mean and standard
deviation are presented for continuous variables, while the numbers in each response
category and proportion are presented for categorical variables. Only significant results

are fully reported in the chapters’ result sections. Bold text in the tables indicates p<0.05.

3.7.1. Handling missing data

The NACR includes many variables and many data are missing due to how the NACR
collects data, although the NACR team has made massive efforts to improve the quality
of the data collected, which can be simply noted when comparing recent data quality to
those five years ago. However, we cannot delete incomplete records because this
amounts to a substantial loss of costly collected data. Missing data are a substantial
problem in epidemiological and clinical research (Sterne et al., 2009). With any cohort
study, missing data in several variables often lead to a potential bias and a substantial
loss of power and precision due to exclusion of a substantial proportion of the original

sample (Kang, 2013). Researchers usually address missing data by including only
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complete cases in the analysis — that is, those patients who have no missing data in any

of the variables required for that analysis.

Both prospective and retrospective cohort studies have problems with patients lost to
follow up and missing data among those who are followed, but the effects of missing
data are likely to be different for the two types of study. With the relatively small sample
sizes in cohorts, loss of precision and power due to missing data can become an
important issue, while the bigger issue for the large sample sizes in NACR cohorts is
potential information bias. The risk of bias due to missing data depends on the reasons

why data are missing (Kang, 2013).

Rubin first identified the importance of the mechanism leading to missing data when
determining appropriate approaches to dealing with such missingness (Sterne et al.,

2009; Rubin, 1976). He defined the following three kinds of missing data:

1. Missing completely at random — missing values are not systematically different
from the observed values and the reason for missingness is unrelated to the
factor being measured, which means that the missingness is not related to the
subject of the missing data. For example:

e a smoking record is not recorded for a patient because the CR
programme staff missed work because of a transport strike

e aquestionnaire might be lost in the post

e BP measurements may be missing for technical reasons

2. Missing at random — missing values are systematically different from the
observed values, which can be explained by differences in observed data, and
the missingness is to do with the patient but can be predicted from other
information about the patient as it is not specifically related to the missing

information. For example:
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a CR patient does not attend a pre-CR assessment because the patient
is (genuinely) ill; this might be predictable from other data about the
patient’s health, but it would not be related to what would have been
measured had the patient not been ill

young men are more likely to have a missing smoking record than young
women because they do not attend for contraceptive advice and therefore
have a smoking history taken prior to prescription of the birth control pill
missing BP measurements may be lower than measured BP, but only
because younger people may be more likely to have missing BP

measurements.

3. Missing not at random — missing values are systematically different from the

observed values and the reason for missingness is directly related to the factor

being observed, which means the missingness is specifically related to what is

missing. For example:

a CR patient does not attend a physical fithess test because their foot has
been amputated

patients may be less likely to have their alcohol consumption recorded
because some patients avoid attending CR programmes in case they are
challenged about their alcohol consumption

patients with high BP may be more likely to miss assessments because

they have headaches.

There are situations in which analyses of complete cases will not lead to bias. When
missing data only happen in an outcome variable that is measured once in each patient,
such analyses will not be biased as long as all variables associated with the outcome
being missing can be included as covariates (under a missing at random assumption)
(Sterne et al., 2009; Steyerberg and van Veen, 2007; Allison, 2000). Missing data in

predictor variables do not lead to bias in analyses of complete cases if the causes for
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the missing data are irrelevant to the outcome (Sterne et al., 2009; Steyerberg and van
Veen, 2007; Allison, 2000). Unfortunately, it is not possible to distinguish between
missing at random and missing not at random using observational data. Hence, there
are several approaches to dealing with missingness: using complete-case analysis,
obtaining missing data, or replacing missing data with imputed values. Each approach
has specific drawbacks, some of which are outlined in Sterne et al., and may or may not

be appropriate depending on the reason for missingness (Sterne et al., 2009).

When it is conceivable that data are missing at random but not completely at random,
analyses based on complete cases may be biased. Such biases can be overcome using
methods such as multiple imputation or expectation maximisation methods that allow
patients with incomplete data to be included in analyses (Schafer, 1997; RUBIN, 1987).
In practice, multiple imputation and expectation maximisation are sometimes
implemented differently in ways that can affect the results of data analysis (Collins,

Schafer and Kam, 2001).

3.7.1.1.  Multiple imputation

Multiple imputation is a missing data approach that provides valid statistical inferences
under the missing at random condition. Specifically, multiple imputation was proposed to
impute missing data while acknowledging uncertainty by generating a set of plausible
values for each unobserved datapoint instead of substituting a single value for each case
of missing data, thus resulting in complete datasets, each with one unique estimate of

the missing values (Dong and Peng, 2013; Little and Rubin, 2002).

This approach begins with prediction of the missing data using existing data from other
variables (Sinharay, Stern and Russell, 2001). The missing values are then replaced with
the predicted values, and a full dataset — the imputed dataset — is created. This process
iterates repeatability and makes multiple imputed datasets (hence the term ‘multiple

imputation’). Each multiple imputation dataset produced is then analysed using the
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standard statistical analysis procedures for complete data and gives multiple analysis

results. Combining these analysis results produces a single overall analysis result.

The benefit of multiple imputation is that it incorporates the uncertainty due to the missing
data in addition to restoring the natural variability of the missing values (Kang, 2013).
Incorporating uncertainty is made by producing different versions of the missing data and
observing the variability between the imputed datasets. In sum, multiple imputation

handles missing data in three steps:

1. imputes missing data number of times to produce complete datasets
2. analyses each dataset using a standard statistical procedure
3. combines the results into one using formulae from Rubin (1987) or Schafer

(1997) (Schafer, 1997; RUBIN, 1987).

Multiple imputation analyses have pitfalls. An article in the British Medical Journal
reported the development of the QRISK tool for predicting cardiovascular risk based on
a large general practice research database (Hippisley-Cox et al., 2007). The researchers
correctly identified a difficulty with missing data in their database and used multiple
imputation to handle the missing data. However, in their published prediction model,
cardiovascular risk was found to be unrelated to cholesterol (coded as the ratio of total
to high-density lipoprotein cholesterol), which was surprising (Peto, 2007). The authors
have subsequently clarified that there was a clear association between cholesterol and
cardiovascular risk when they restricted their analysis to individuals with complete
information (no missing data). This demonstrates that is important to be aware of

practical implications that can occur in multiple imputation analyses.

The findings of a study that examined patterns and extent of missing data in The Health
Improvement Network (THIN) — a UK primary care database — and explored the use of
multiple imputation suggest that some data, such as height, weight and BP, are missing

at random, while others, particularly reported smoking and alcohol, are missing not at
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random, which renders multiple imputation inappropriate for at least these latter variables

(Marston et al., 2010).

Some data are inherently missing not at random and, in such cases, multiple imputation
may give misleading results, as bias in analyses based on multiple imputation may be

as big as or bigger than the bias in analyses of complete cases (Sterne et al., 2009).

Multiple imputation is computationally intensive and involves approximations. Some
algorithms need to be run repeatedly to yield adequate results, and the required run

length increases when more data are missing.

Although these information biases are also problematic for complete-case analyses, it
was considered better not to compound the missing data problem with multiple

imputation wrongly applied in this research.

3.7.1.2. Expectation maximisation

Expectation maximisation is an approach to missing data that can be used to create a
new dataset in which all missing values are imputed with values estimated by maximum
likelihood methods (Dempster, Laird and Rubin, 1977). This approach does not fill in’
missing data but rather estimates the parameters directly by maximising the complete
data log likelihood function (Dempster, Laird and Rubin, 1977). For the expectation
maximisation method, a predicted value based on the variables that are available for
each case is substituted for the missing data. The expectation maximisation approach
has many attractive properties. First, an expectation maximisation estimator is unbiased
and efficient when the missing mechanism is ignorable (Graham, J.W., 2003). Second,
the expectation maximisation algorithm is simple and easy to implement (Dempster,
Laird and Rubin, 1977) and stable (Couvreur, 1997). Third, it is straightforward to
compare different models using the likelihood ratio test. An important characteristic of

the expectation maximisation imputation is that when the new dataset with no missing
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values is generated, a random disturbance term for each imputed value is incorporated

to reflect the uncertainty associated with the imputation (Kang, 2013).

However, expectation maximisation imputation has some disadvantages. This approach
can take a long time to converge, especially when a large proportion of data are missing,

and it is too complex to be acceptable by some statisticians.

3.7.1.3. Comparing missing imputation and expectation maximisation

methods

Missing imputation and expectation maximisation make similar assumptions and have
similar statistical properties. A study discussed and demonstrated the results and
performance of these two missing data methods and contrasted them with the complete
dataset in terms of bias and standard error (SE) by applying them to a real-world dataset
(Dong and Peng, 2013). Results showed that the two methods yielded similar estimates
at 20% and 60% missing rates. In terms of SEs, expectation maximisation outperformed
multiple imputation by providing slightly smaller SEs. This finding is to be expected
because expectation maximisation does not involve the randomness of multiple
imputation. The authors therefore suggested that a data analyst needs to make sure that
the imputation model is general enough to capture meaningful relationships in the
dataset. However, if a researcher is clear about the parameters to be estimated,
expectation maximisation is a better choice, because it does not introduce randomness

due to imputation into the data and is more efficient than multiple imputation.

Among the two methods, SEs obtained from expectation maximisation were closer to
those based on the complete data than multiple imputation (Dong and Peng, 2013). This
finding is to be expected, because multiple imputation incorporates the uncertainty
associated with plausible missing data estimates into the SE. Other research has also

documented the superior power of expectation maximisation compared with multiple
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imputation (Graham, Olchowski and Gilreath, 2007; Schafer and Graham, 2002; Collins,

Schafer and Kam, 2001).

Multiple imputation is rapidly becoming a popular method for handling missing data, but
expectation maximisation has optimal statistical properties and several advantages over
multiple imputation. The most important advantage is that there is no potential conflict
between an imputation model and an analysis model. Using the expectation
maximisation approach, everything is done under a single model and it produces a
deterministic result. By contrast, multiple imputation gives a different result every time it
is run, because random draws are a crucial part of the process. This variability is reduced
by imputing more datasets, but it is not always easy to know how many datasets are
enough. Expectation maximisation is also asymptotically efficient, which means that the
SEs of expectation maximisation estimates in large samples are as small as possible.
On the other hand, the only way to get asymptotic efficiency with multiple imputation is
to do an infinite number of imputations — something that is clearly not possible. For large

samples, expectation maximisation therefore seems to have a clear advantage.

To avoid the pitfalls of multiple imputation, the analysis results of patients participating in
CR were compared from complete-case data and an analysis of all data with missing
values was handled through expectation maximisation (Schafer, 1997). There is no
established cut off from the literature regarding an acceptable percentage of missing
data in a dataset for valid statistical inferences (Dong and Peng, 2013). Patient variables
with more than 60% missing values were eliminated from the dataset and only variables
with 10-60% of missing values were imputed (Dong and Peng, 2013). Expectation
maximisation analyses are presented in the results section of Chapter 5, alongside the
original data results. Results of both imputed and complete cases analyses are fully
reported. The number of missing values is reported for each variable in addition to the

number of cases with complete data.
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3.7.2. Absolute deviation around the median

Variables often contain outliers that have unusually large or small values when compared
with others in a dataset. Outliers can be caused by incorrect measurements, including
data entry errors, or by coming from a different population than the rest of the data. If the
measurement is correct, it represents a rare event. The main reason to find outliers is
the influencing assumptions of a statistical test — for example, outliers violating the
normal distribution assumption. Outliers can be detected by determining an interval
spanning the median — the most robust dispersion/scale measure when a dataset has
outliers — is easier to implement than the mean and standard deviation, which are
particularly sensitive to outliers (Leys et al., 2013). The median plus or minus three times
the absolute deviation around the median (Leys et al., 2013) was used to detect outliers
in the outcomes study (see Chapter 5). Pre-and post-CR values with more than 3 £ mean
absolute deviation (MAD) percentage change for each characteristic were eliminated

from the analysis.

3.8. e-Survey

Smoking cessation is a key part of secondary prevention and rehabilitation and is
included in the BACPR’s core components of lifestyle risk factor management (BACPR,
2017), but there are no published reports on CR services delivered to support CR
patients to stop smoking. As part of the NACR, an exploratory, cross-sectional, 11-item
audit-based e-survey was therefore sent to smoking cessation services identified as part

of CR programmes in the UK (see

Appendix 6). All but one of the survey items were designed in a binary manner calling

for a yes/no response.
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The sampling frame encompassed the ‘coordinators’ of the 224 CR programmes that
enter their data electronically into the NACR, which includes programmes from Wales,
England, and Northern Ireland. Scottish programmes do not participate in the NACR and
not all CR programmes impute data (224/303 CR programmes participate in NACR)
(NACR, 2017). All 224 coordinators that do impute data electronically were contacted via
email with a link to the 11-item survey, and the most appropriate member of the CR team

was asked to complete the questionnaire.

The CR services were contacted via email and asked to complete the online survey.
Several reminders were sent out via email over a period of two months. Data collection
took place in the summer of 2016 (May—July 2016). The response rate was 78%

(172/224 CR programmes registered in the NACR).

Commonly used descriptive statistical parameters, including number of programmes,
percentages, means or medians and standard deviations, were used in this research to

explore the data and the questions.

3.9. Conclusions

This chapter has have described in detail the NACR dataset, which is the data source
used in this research, including how the data are collected. It defines the variables used
in this research and then explained the statistical methods used to describe the cohort.
The decisions to use complete-case analysis in addition to handling missingness through
the expectation maximisation method and using the absolute median deviation to detect
outliers in outcomes study are justified. Finally, this chapter describes an e-survey about

quitting smoking support offered to patients participating in CR.
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Chapter 4 Quality of delivery of cardiac

rehabilitation in the UK

4.1 Abstract

Background: Recent reviews highlight that cardiac rehabilitation (CR) is highly effective
but warn that not all routine clinical practice is working to the recommended standards.
Huge variability in quality of service delivery of CR in the UK and patient outcomes has

consistently been reported.

Objectives: This study assessed the extent to which programmes meet national
standards for the delivery of CR as part of the National Certification Programme for
Cardiovascular Rehabilitation (NCP_CR), as well as ascertaining whether the variation

in quality of CR delivery is associated with participants’ characteristics.

Methods: This observational study compared data extracted and validated from the UK’s
National Audit of Cardiac Rehabilitation (NACR) for the period from 1 April 2013 to 31
March 2014 with six NCP_CR measures criteria. Programmes were given a score of 1
for each measure for which they met the criteria, with a total score ranging from 1 to 6.
The quality of CR delivery was categorised into three groups: high (score of 5-6), middle
(score of 3-4) and low (score of 1-2). A programme that did not meet any of the six
criteria was considered to have failed. The study included a range of patient variables
collected by the NACR: patient demographics, cardiovascular risk factors, comorbidities,

physical and psychosocial health measures, and index of multiple deprivation.

Results: Data from 170 CR programmes revealed statistically significant differences
among UK CR programmes. Based on the NCP_CR criteria, 30.6% of programmes were

assessed as high quality, 45.9% as middle quality, and 18.2% as low quality; 5.3% failed
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to meet any of the criteria. Programmes with high-quality ratings for delivery of CR had
recruited more patients with comorbidities, including diabetes, stroke and asthma, and
higher body mass index (BMI) than low- and middle-quality programmes. Patients who
participated in high-quality CR programmes tended to be at high risk (e.g. increased
waist size and high blood pressure); had high Hospital Anxiety and Depression Scale
(HADS) scores; and were more likely to be smokers, have more comorbidities, and be
in more socially deprived groups than patients in low-quality programmes. High-quality
CR programmes had also recruited more patients with lower fitness levels than low-
quality programmes. The chance that a CR patient with more comorbidities attended a
high-quality programme was 2.13 and 1.85 times higher than the chance that the same
patient attended a low- or middle-quality programme, respectively. The chance that a CR
patient with higher BMI or with diabetes comorbidity attended a high-quality programme
was 1.49 and 1.10 times higher than the chance that the same patient attended a low-
quality programme, respectively. The chance that a CR patient with asthma comorbidity
attended a high-quality programme was 1.19 times higher than the chance that the same

patient attended a middle-quality programme.

Conclusions: This research shows that high levels of quality delivery are achievable in
the era of modern cardiology and that many CR programmes are close to meeting
standards. However, substantial variation exists throughout the UK, with some
programmes performing below the recommended standards. National certification
should be seen as a positive step to ensure that patients, irrespective of where they live,
are accessing quality services. Mean total comorbidities, proportion of patients with
diabetes or asthma and patients with higher BMI scores had they been recruited by CR

programmes categorised as high quality.
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4.2 Introduction

Previous chapters have described the evidence for modern cardiac rehabilitation (CR)
and the general methods used for this research. This chapter ascertains the extent to
which programmes meet national standards for the delivery of CR and assesses whether
the variation in quality of CR delivery across the UK is associated with participants’

characteristics.

Cardiovascular disease (CVD) is a major contributor to health inequity in the UK (Public
Health England Epidemiology and Surveillance team, 2016). Mounting evidence from
robust trials and registries has reinforced that CR is clinically beneficial and cost effective
— with multifaceted secondary prevention services resulting in reduced cardiovascular
morbidity and mortality in patients with CVD — and that CR should be offered to all eligible
patients in a timely and appropriate manner (Shields et al., 2018; Sumner, Harrison and
Doherty, 2017; Anderson et al., 2016; Rauch et al., 2016; Sagar et al., 2015; Dalal,
Doherty and Taylor, 2015). Numerous clinical trials and systematic reviews over the past
20 years have shown the effectiveness of CR (Sumner, Harrison and Doherty, 2017,
Anderson et al., 2016; Rauch et al., 2016; Dalal, Doherty and Taylor, 2015). International
guidelines from the National Institute for Health and Care Excellence (NICE clinical
guideline (CG) 172 and CG108) and leading American, British, and European
cardiovascular professional associations, which are underpinned by Class | evidence,
also recommend CR as an effective intervention for patients diagnosed with CVD
(BACPR, 2017; SIGN, 2017; Piepoli et al., 2016; NICE, 2013c; Smith et al., 2011; NICE,
2010c). The British Association for Cardiovascular Prevention and Rehabilitation
(BACPR), NICE, and National Certification Programme for CR (NCP_CR) all seek to
ensure that routine provision of CR programmes closely resembles that delivered in
effective clinical trials (BACPR, 2017; Furze, Doherty and Grant-Pearce, 2016; NICE,

2013c). The National Audit of Cardiac Rehabilitation (NACR), which is funded by the
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British Heart Foundation (BHF), is a clinical audit that monitors service delivery and
patient outcomes in CR services in the UK; according to the 2017 NACR report, 303
programmes delivered CR in the UK in 2015-16 (NACR, 2017). In 2015, the BACPR
and NACR developed the NCP_CR, which set out to improve delivery of CR, showcase
good services, and seek to ensure the effectiveness of routine provision of CR
programmes through achievement of a quality level of service delivery across the UK
(England, Wales, and Northern Ireland) (BACPR, 2017; NACR, 2017; Furze, Doherty

and Grant-Pearce, 2016).

However, the largest UK-based randomised controlled trial of comprehensive CR in the
modern era of medical management — ‘Rehabilitation after myocardial infarction trial
(RAMIT) — found that CR does not reduce mortality or morbidity and has no beneficial
effect on psychosocial wellbeing or lifestyle (West, Jones and Henderson, 2012). The
negative findings of RAMIT have led to questions about the quality of delivery of UK-
based CR programmes (West and Jones, 2013; Wood, 2012), and a recent clinical
review of CR published in the British Medical Journal noted that CR is highly effective
but warns that not all programmes are working to the standards (Dalal, Doherty and
Taylor, 2015). Other authors have also noted that some forms of CR in routine practice
are arguably suboptimal in terms of delivery, are less effective, and might not achieve
outcomes expected in the modern era of CR (Dalal, Doherty and Taylor, 2015; Doherty

and Lewin, 2012; West, Jones and Henderson, 2012; Wood, 2012).

Despite the strong evidence-based standards for delivery of CR services, it has become
apparent from recent NACR reports that CR is not delivered equitably across the UK,
and there is also huge variability in what constitutes CR in routine practice (NACR, 2017).
The NACR showed that CR is being delivered later than recommended, is not
underpinned by pre- and post-assessment, and is of shorter duration than the evidence
suggests is effective (NACR, 2017; Anderson et al., 2016; NACR, 2016; Piepoli et al.,

2016; NACR, 2015; Vanhees et al., 2012). The NACR is committed to promoting and
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supporting quality service provision based on measurable indicators of successful
delivery (NACR, 2017). The role played by patient characteristics in associating whether
delivery of CR services is high, medium, or low quality remains unclear (Doherty et al.,
2017). It therefore is important to assess whether the patients who attend CR

programmes are the same across the three categories of delivery quality.

The principal aims of the analyses reported in this chapter are to:

1. assess the extent to which programmes meet national standards for the delivery
of CR by evaluating quality of CR delivery against national averages in service
delivery in the UK according to the NCP_CR

2. assess whether the quality of CR delivery and any variability are associated with

the participating patients’ characteristics.

4.3 Methods

The data sources, population, and variables are described in detail in Chapter 3 but are
briefly summarised here for ease of reference. Any details of methods specific to the

analyses in this chapter are also noted here.

4.3.1. Datasource

The data source is described fully in Chapter 3. In brief, the analyses were conducted
using individual patient data extracted from the UK’s NACR database, which has
approval to electronically collect anonymised patient data for a range of clinical variables
under Section 251 of the NHS Act 2006, which is reviewed annually by NHS Digital
(NACR, 2017; NHS, 2012). The audit is voluntary, supports direct entry of data within a
secure online system, and collects local programme-level data on the delivery of CR

alongside patient-level data on patients who are referred to and undergo CR in the UK.
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Data collected include details of the initiating event, treatment type, risk factors,

medications, patient demographics, and post-CR clinical outcomes.

The observational study reported in this chapter used validated NACR data that were
collected from 1 April 2013 to 31 March 2014; this represents the first year of the
NCP_CR standards criteria (see Appendix 3), which are based on the national averages
reported by the NACR (Furze, Doherty and Grant-Pearce, 2016; NACR, 2015). Patients
were included in the analyses if they started CR, were assessed at baseline, and had
follow-up data at an assessment after CR. The observational study reported in this
chapter followed the Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) guidelines (von Elm et al., 2008).

4.3.2. Service delivery measures

The NCP_CR aims to achieve quality CR programmes across the UK by providing clear

guidance on service delivery (available by emailing education@bacpr.com) based on

patient-level and programme-level data extracted from the NACR as the NCP_CR report
(Furze, Doherty and Grant-Pearce, 2016). The NCP_CR service delivery criteria are
based on NICE clinical guidance and national CR statistics for the UK from the 2015
NACR report, which represents the first year of the NCP_CR criteria (NACR, 2015; NICE,

2013c, 2010c).
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The NCP_CR report includes six measures deemed to be important to define the delivery

of high-quality CR programmes:

1. Offered to all priority groups (PGs):
¢ Myocardial infarction (MI)
e Percutaneous coronary intervention (PCI)
e Coronary artery bypass surgery (CABG)
e Heart failure (HF)
2. 269% of core CR patients with recorded assessment before starting CR
programme (Ax1)
3. 249% of core CR patients with recorded assessment after completing CR
programme (AX2)
4. Median waiting time from referral to start (TRS) of CR after MI/PCI
(TRS_CR/MIPCI) within 40 days
5. Median waiting time from referral to start of CR after CABG (TRS_CR/CABG)
within 54 days

6. Median duration of CR programmes of 54 days for conventional delivery.

The study reported in this chapter used 95% confidence intervals from the NCP_CR
report to assess whether CR programmes met the service delivery standards as part of

the NCP_CR certification criteria for England, Wales, and Northern Ireland.

4.3.3. NCP_CR scoring

A CR programme was given a score of 1 for each standard that it achieved, with a total
score that ranged from 1 to 6. The quality of delivery of CR programmes was categorised
into three groups: scores of 5—6 represented high quality, scores of 3—4 represented
middle quality, and scores of 1-2 represented low quality. If a programme did not meet

any of the six criteria, it was considered to have failed.
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Due to the low number of programmes achieving 6 scores (27 of 170 CR programmes)
and the difficulty of presenting the score variable statistics to the practice and public, the
score variable divided into three categories: low, middle and high. This categorisation
has shown a profound impact on the type of presentation and visualization that can be
used to make a distinction between theses categorises, make the analysis simpler and
more helpful and make sense in terms of understanding what meeting of the standards

criteria show.

4.3.4. Baseline characteristics

The research reported in this chapter used a variety of different patient variables
collected by the NACR, including demographic characteristics, cardiovascular risk
factors, comorbidities, and physical and psychosocial health measures (Table 4.1). To
evaluate the role of social deprivation, the study included the LSOA deciles, which are
linked to the NACR (Department for Communities and Local Government, 2015). Further
detail on characteristics is given in Chapter 3. Proportions (%) and means for a

characteristic were calculated for patients with complete data for that characteristic.

109



Table 4.1 Baseline data used in the research

Type of

characteristic

Characteristic

Demographics

e Mean age at initiating event (years)
e Proportion of female patients (%)
e Proportion of unemployed patients (%)

e Mean English IMD

Cardiovascular risk

factors

e Proportion of high-risk patients (%)

e Mean BMI (kg/m?)

e Mean waist circumference (cm)

e Proportion of patients with BMI >30 kg/m?2 (%)

e Proportion of patients with BP >140/80 mmHg (%)

e Proportion of smokers (%)

Comorbidities

e Total comorbidities (mean number of comorbidities)

e Proportion of patients with each of the following comorbidities (%):

o Angina
o Arthritis
o Cancer
o Diabetes

o Rheumatism

o Stroke

o Osteoporosis
o Hypertension
o COPD

o Emphysema

o Asthma

o Claudication

o Chronic back problems
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o Anxiety
o Depression
o Family history of CVD

o Hypercholesterolaemia or dyslipidaemia

Physical health e Mean 6MWT distance (metres)

measures e Mean ISWT distance (metres)

e Proportion of patients with self-reported moderate physical activity
(150 minutes / week) (%)

e Proportion of patients with self-reported vigorous physical activity

(75 minutes / week) (%)

Psychosocial health | ¢  Proportion of patients rated as borderline anxious or clinically
measures anxious on HADS anxiety scale (%)
e Proportion of patients rated as borderline depressed or clinically

depressed on HADS depression scale (%)

BMI, body mass index; BP, blood pressure; COPD, Chronic bronchitis pulmonary disease; CVD,
cardiovascular disease; HADS, Hospital Anxiety and Depression Scale; IMD, Index of Multiple
Deprivation; ISWT, Incremental Shuttle Walk Test; 6MWT, Six-Minute Walk Test.

4.3.5. Statistical analysis

The primary aims of the study reported in this chapter were to investigate whether CR
programmes met the NCP_CR’s national standards for the delivery of CR and whether
the quality of CR delivery was associated with the participating patients’ characteristics.
Mean and frequency tables were generated to score the programmes according to the
certification categories, with the quality categories for CR programmes and the
percentages of programmes meeting criteria reported for the whole cohort and for

individual countries (England, Wales and Northern Ireland) for initial presentations.
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Results for continuous variables are reported as means with standard deviations (SD),
while categorical variables are reported as frequencies (percentages). Analyses were
conducted using all available data from CR programme centres across the UK to
minimise selection bias. The CR programmes were aggregated to identify those that met
the NCP_CR criteria. Normal quantile—quantile plots were used to check for normality
(Bland, 2000). To check for equal variances, Dean and Voss (1999) advocate not using
formal tests, which are not robust against non-normality, but instead to use the rule of
thumb suggested by simulation studies that an assumption will hold true if the ratio of
the maximum SD estimate to the minimum SD estimate does not exceed 2 (Dean and

Voss, 1999).

A chi-squared (x?) test was conducted to determine the association between a CR
programme meeting each standard and its quality category (low, medium or high quality)
overall and between the three countries that contribute to the NACR (England, Wales,
or Northern Ireland) (Cohen, 1988). Phi and Cramér’s V are both x2-based measures of
the effect size or strength of association of a nominal-by-nominal relationship (Cohen,
1988). Both range in value from 0 to 1, with a value of 0 indicating no association and a
value of 1 indicating complete association (Cohen, 1988). Guidelines for interpreting Phi

and Cramér’s V are shown in .

Table 4.2.

Table 4.2 Guidelines for interpreting Phi or Cramér’s V

Magnitude of effect size Value of Phi or Cramér’s V
Small 0.1
Moderate 0.3
Large 0.5

112



Data were also analysed using the one-way analysis of variance (ANOVA) test to
determine whether the standard criteria and demographic characteristics of CR
programmes were different among quality categories (low, medium or high quality) and
between the three countries. One-way ANOVA is considered robust to non-normality
(Wilcox, 2012; Shadish, Cook and Campbell, 2002; Lix, Keselman and Keselman, 1996),
and even fairly skewed distributions are not always problematic if sample sizes are not
small and the groups are similarly skewed (Maxwell and Delaney, 2004; Sawilowsky and
Blair, 1992). However, ANOVA procedures are not very sensitive to unequal variances.
The Welch ANOVA - a modified version of the standard one-way ANOVA — conducted
and its results interpreted if the assumption of homogeneity of variances violated and
results from the Games-Howell post-hoc test used for multiple comparisons which used
with unequal variances and also considers unequal group sizes (Field, 2018; Toothaker,
1993). Baseline comparisons between the three categories of CR quality were also
analysed using ANOVA for continuous variables. In line with guidelines, the Games-
Howell post-hoc test was conducted while performing ANOVA for multiple comparisons
because of doubt that group variances and sample sizes were equal (Field, 2018;
Toothaker, 1993). Partial eta-squared (n?) is reported as an effect size; guidelines for

interpreting partial n? are shown in Table 4.3 (Cohen, 1988).

Table 4.3 Guidelines for interpreting partial eta-squared

Magnitude of effect size Value of partial eta-squared
Small 0.01
Medium 0.06
Large 0.14
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An analysis was conducted to investigate the social deprivation among CR programmes
in England (Department for Communities and Local Government, 2015). Two
multinomial logistic regression models were also used to test for independent predictors
of high-quality delivery of CR, using the high-quality category as the reference. Variables
were included in the models according to their association with the three CR delivery
quality categories, so cardiovascular risk factors, such as body mass index (BMI), and
comorbidity variables, such as mean number of comorbidities and proportion of patients
with diabetes, stroke and asthma, were included to identify criteria associated with high-
quality delivery of CR. Linearity of the continuous variables with respect to the logit of
the dependent variable was assessed via the Box-Tidwell procedure (Box and Tidwell,

1962).

A value of p<0.05 was considered statistically significant. The analyses were conducted
using IBM Statistical Package for Social Sciences (SPSS) software statistics Version 24

(New York, USA).

4.4 Results

4.4.1. Programme quality categories

The data included 89557 patients — 60,864 (68%) men, 25,987 (29%) women, and 2,706
(3%) not specified — who registered in the NACR database during the research period.
The mean age was 65.53 (SD 12.40) years for men and 70.16 (SD 13.09) years for

women.
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The main analysis in this study included a cohort of 40,572 patients — 28,604 (70.5%)
men, 10,501 (25.9%) women, and 1,467 (3.6%) not specified — who started CR between
1 April 2013 and 31 March 2014. The mean age was 63.86 (SD 11.66) years for men
and 66.75 (SD 12.3) years for women; women were, on average, three years older than

men.

The analysis included data for 170 of the 303 CR programmes in the UK; 52 (30.6%) of
the included programmes scored 5 or 6, meaning they were high-quality programmes.
Middle-quality programmes were the largest group, accounting for 78 (45.9%) of the
included programmes, and 31 (18.2%) programmes were considered low quality. Only
27 (15.9%) CR programmes met the standard for all six criteria, while 143 (84.1%) CR
programmes were below the scores required to meet any minimum criterion.
Programmes that failed (poor) were excluded from the analyses. Table 4.4 presents the

programme quality categories.

Table 4.4 Programme quality categories

Programme quality rating Frequency (n, %)
Poor 9(5.3)

Low 31(18.2)

Middle 78 (45.9)

High 52 (30.6)

Scores: O=poor quality, 1-2=low quality, 3—4=middle quality, 5—-6=high quality.

In comparison of the quality criteria with the actual recommendations of BACPR and
NICE service guidance that a CR programme should be offered to the priority group,
offered early (CR should start within 28 days of referral for patients following Ml and PCI

or 42 days for CABG), underpinned by assessment before and after CR, and offered no
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less than 8 weeks (BACPR, 2017; NICE, 2013c, 2010c); no one programme have
achieved or met all of these recommended standards. From the 170 CR programmes,
101 of them offered to the priority groups, 5 programmes underpinned by assessment
before CR for their patients, 1 programme underpinned by assessment after CR, 30
programmes offered early CR within 28 days of referral for MI/PCl patients, 44
programmes offered early CR within 44 days of referral for CABG patients, and 107

offered CR with no less than 8 weeks.

4.4.2. Programme quality categories between countries

Table 4.5 presents the proportion of programme quality categories among countries in
the UK (England, Wales, and Northern Ireland). England had the highest proportion of
high-quality programmes (45/129, 34.9%) while Northern Ireland had the lowest (2/14,
14.3%). Most programmes in the three countries were categorised as middle quality:
48.1%, 58.8%, and 42.9% for England, Wales, and Northern Ireland, respectively.
England had the highest proportion of poor-quality programmes (8/9, 88.9%) and
Northern Ireland had only one poor quality programme (1/9, 11.1%) while Wales did not

have any programme categorised as poor quality.

Table 4.5 Programme quality categories between countries

Programme quality rating Country (n, %)
England Wales Northern Ireland
(n=129) (n=17) (n=14)

Low 22 (17.1) 2(11.8) 6 (42.9)

Middle 62 (48.1) 10 (58.8) 6 (42.9)

High 45 (34.9) 5(29.4) 2(14.3)

Scores: 1-2=low quality, 3—4=middle quality, 5-6=high quality.
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4.4.3. Percentage of CR programmes meeting criteria

The percentage of CR programmes that met each of the six specific criteria of the

NCP_CR is presented in

Figure 4.1. Criterion Ax1 (269% of core CR patients with recorded assessment before
starting CR programme) was achieved by the largest percentage of CR programmes
(72.4%), while TRS_CR/MIPCI (waiting time from referral to start of CR after MI/PCI)

was achieved by the smallest proportion of programmes (49.4%).

Priority Groups Ax1 Ax2 TRS_CR/MIPCI TRS_CR/CABG  Duration

mmet ®munmet

Figure 4.1 Percentage of CR programmes meeting and not meeting each of the six criteria
for standards. Ax1, assessment 1; Ax2, assessment 2; CABG, coronary artery bypass
surgery; CR, cardiac rehabilitation; MI, myocardial infarction; PCI, percutaneous coronary
intervention; TRS_CR/CABG, median waiting time from referral to start CR after CABG;
TRS_CR/MIPCI, median waiting time from referral to start of CR after MI/PCI.

The extent to which CR programmes met each standard among quality categories varied
significantly (Table 4.6). Criterion Ax1 was the standard met by the most programmes
among the low (51.6%), middle (71.8%) and high (98.1%) quality programmes. On the
other hand, the criteria met by the lowest proportions of programmes were types of
priority groups included (9.7%), TRS_CR/MIPCI (43.6%) and Ax2 (84.6%) among low-
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quality, middle quality and high-quality programmes, respectively. Overall, 66.5% of CR

programmes met or exceeded the median duration of 54 days; however, 33.5% of CR

programmes were delivered at a duration less than 54 days (seven weeks).

Table 4.6 Frequency and percentage of each standard between quality categories

Criterion Programme delivery quality (n, %) Cramér’s V
Low Middle High
(n=31) (n=78) (n=52)
PG 3(9.7) 48 (61.5) 50 (96.2) 0.62*
Ax1 16 (51.6) 56 (71.8) 51 (98.1) 0.39*
Ax2 7 (22.6) 45 (57.7) 44 (84.6) 0.44*
TRS_CR/MIPCI 4(12.9) 34 (43.6) 46 (88.5) 0.55*
TRS_CR/CABG 7 (22.6) 38 (48.7) 48 (92.3) 0.52*
Duration 14 (45.2) 51 (65.4) 48 (92.3) 0.37*

Scores: 0=poor quality, 1-2=low quality, 3—4=middle quality, 5—-6=high quality.

Ax1, assessment 1; Ax2, assessment 2; CABG, coronary artery bypass graft; CR, cardiac
rehabilitation; MI, myocardial infarction; PCI, percutaneous coronary intervention; PG, priority
group; TRS_CR/CABG, median waiting time from referral to start of CR after CABG;
TRS_CR/MIPCI, median waiting time from referral to start of CR after MI/PCI.

*p<0.001 (bold text).

A x2test was conducted to determine the association between a programme meeting
each of the six specific criteria and the three quality categories. All expected cell

frequencies were greater than five.
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The association between meeting each standard and the quality categories was

statistically significant (p<0.001 for all):

between quality category and meeting PG standard (x?(2)=62.22, p<0.001)

e between quality category and meeting Ax1 standard (x?(2)=25.03, p<0.001)

e between quality category and meeting Ax2 standard (x?(2)=31.28, p<0.001)

e between quality category and meeting TRS_CR/MIPCI standard (x?(2)=48.90,
p<0.001)

e between quality category and meeting TRS_CR/CABG standard (x%(2)=43.78,

p<0.001)

e between quality category and meeting duration standard (x?(2)=22.30, p<0.001).

There was a moderate to strong association between a programme meeting each
standard and the different quality categories (Table 4.6). The PG standard had the
largest association with quality categories (Cramér’s V 0.62), while the duration of CR
programme standard had the lowest association among all categories (Cramér’s V 0.37).
The association was large between the quality category and meeting standards for PG,
TRS_CR/MIPCI and TRS_CR/CABG (Cramér's V 0.62, 0.55, and 0.52, respectively).
The association was moderate between the quality category and meeting standards for

Ax1, Ax2 and duration (Cramér’s V 0.39, 0.44 and 0.37, respectively).

4.4.4. Percentage of CR programmes meeting criteria

between countries

A x?test was conducted to determine the association between programmes meeting
each specific criterion and the three countries. The extent to which CR programmes met
each standard among England, Wales, and Northern Ireland is presented in Table 4.7.
All expected cell frequencies were greater than five. A higher percentage of programmes

in England met each standard than in Northern Ireland. More programmes in England
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and Wales met both the PG and TRS_CR/MIPCI standards compared with Northern
Ireland. There was a statistically significant association among countries between
meeting the PG standard and the TRS_CR/MIPCI standard (p<0.05 for all). There was
a statistically significant association between country group and meeting PG standard
(x?(2)=13.61, p=0.001) and TRS_CR/MIPCI standard (x?(2)=6.93, p=0.03). The
association was small between country group and PG standard ( Cramér’s V=0.28) and

between country group and TRS_CR/MIPCI standard (Cramér’s V=0.20).

Table 4.7 Percentage of total CR programmes meeting each of the six criteria by countries

Criterion Programmes meeting criteria (n, %)
England Wales Northern Ireland
(n=129) (n=17) (n=14)
PG* 84 (61.3) 14 (82.4) 3 (20)
Ax1 101 (73.7) 10 (58.8) 11 (73.3)
Ax2 81 (59.1) 6 (35.30) 8 (53.3)
TRS_CR/MIPCI* 70 (51.1) 11 (64.7) 3 (20)
TRS_CR/CABG 76 (55.5) 12 (70.6) 5(33.3)
Duration 90 (65.7) 15 (88.2) 8 (53.3)

Ax1, assessment 1; Ax2, assessment 2; CABG, coronary artery bypass graft; CR, cardiac
rehabilitation; MI, myocardial infarction; PCI, percutaneous coronary intervention; PG, priority
group; TRS_CR/MIPCI, median waiting time from referral to start of CR after MI/PCI;
TRS_CR/CABG, median waiting time from referral to start of CR after CABG.

*p<0.05 (bold text).
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4.4.5. Standards between quality categories

As the assumption of homogeneity of variance was met for the criteria Ax2,
TRS_CR/CABG and duration, a one-way ANOVA was conducted to determine whether
the mean value of these three criteria was different among quality categories (Table 4.8).
The assumption of homogeneity of variance was violated for Ax1 and TRS_CR/MIPCI,
so one-way Welch ANOVA was conducted to determine whether the mean value of each
of these two criteria was different among quality categories (Table 4.8). Significant

results are fully reported in

Appendix 7. The effect sizes were largest for TRS_CR/MIPCI and TRS_CR/CABG
(partial n?0.19 and 0.12, respectively), intermediate for Ax1 and Ax2 (partial n?0.09 for

each) and smallest for programme duration (partial n?0.04).

Table 4.8 ANOVA with post-hoc results between quality categories

Criterion Quality category (%) Effect size
Low Middle High

Ax1 68.45* 76.421 89.44*1 0.09

Ax2 41.05* 52.25t 63.98%1 0.09

TRS_CR/MIPCI 54.39% 42.94% 31.32% 0.19

TRS_CR/CABG 61.85* 55.61t 41.99%1 0.12

Duration 57.59* 64.56 70.33* 0.04

Ax1, assessment 1; Ax2, assessment 2; CABG, coronary artery bypass graft; CR, cardiac
rehabilitation; MI, myocardial infarction; PCI, percutaneous coronary intervention; PG, priority
group; TRS_CR/MIPCI, median waiting time from referral to start of CR after MI/PCI;
TRS_CR/CABG, median waiting time from referral to start of CR after CABG.

*Post-hoc significance between low-quality and high-quality categories: p<0.05 (bold text).
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1 Post-hoc significance between middle-quality and high-quality categories: p<0.05 (bold text).
FPost-hoc significance among low-quality, middle-quality and high-quality categories: p<0.05
(bold text).

Table 4.8 shows that the average of the standards for the low-quality programmes was
statistically and significantly different to that for the middle- and high-quality programmes.
When the average standards for each category were compared, every standard in the
low-quality programmes was outside the minimum criteria. This differed compared with
the middle-quality programmes, for which minimum criteria for some standards — such
as assessments — were met, but both referral times were outside of the boundaries. The

high-quality programme averages all sat within the boundaries.

4.46. Standards between countries

A one-way ANOVA was conducted to determine whether the mean value of each of the
five criteria (Ax1, Ax2, TRS_CR/MIPCI, TRS_ CR/CABG, and duration) were different
among quality categories, as the assumption of homogeneity of variances was met
(Table 4.9). Significant results are fully reported in Appendix 8. The effect size among
countries was medium for CR programme duration and small for the other criteria (partial
n? 0.01, 0.05, 0.02, and 0.03 for Ax1, Ax2, TRS CR/MIPCI, and TRS_ CR/CABG,
respectively). Table 4.9 also shows that CR programmes in Northern Ireland rated higher
for recording assessments before and after CR than England or Wales, while CR
programmes in Wales rated lower for TRS_CR/MIPCI and TRS_CR/CABG compared
with England or Northern Ireland. The CR programmes in Wales offered CR of longer
average duration than England and Northern Ireland (11 weeks versus nine weeks and

eight weeks, respectively).
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Table 4.9 ANOVA with post hoc results between countries

Criterion Programmes meeting criteria (%) Effect size
England Wales Northern Ireland

Ax1 77.68 68.37 79.70 0.01

Ax2 54.53* 36.78*t 59.28t 0.05

TRS_CR/MIPCI 42.64 37.79 51.97 0.02

TRS_CR/CABG 53.55 44.72 62.32 0.03

Duration 63.45 79.321 57.46% 0.06

Ax1, assessment 1; Ax2, assessment 2; CABG, coronary artery bypass graft; CR, cardiac
rehabilitation; MI, myocardial infarction; PCI, percutaneous coronary intervention; PG, priority
group; TRS_CR/MIPCI, median waiting time from referral to start of CR after MI/PCI;
TRS_CR/CABG, median waiting time from referral to start of CR after CABG.

*Post-hoc significance between England and Wales, p<0.05 (bold text).

TPost-hoc significance between Northern Ireland and Wales, p<0.05 (bold text).

4.4.7. Demographic characteristics between quality

categories

A one-way ANOVA was conducted to determine whether the mean number of patients
who started CR, total staff hours, and number of qualified staff in the multidisciplinary
team (MDT) were different among quality categories as the assumption of homogeneity
of variances was met (Table 4.10). Significant results are fully reported in Appendix 9.
The effect size among quality groups was medium for the number of patients who started
CR, total staff hours and number of MDT (partial n2 0.10, 0.10, 0.06, respectively). Table
4.10 shows that the average number of patients who started CR, total staff hours,

number of qualified staff in the MDT in the low-quality programmes were statistically and

123



significantly different to those in high-quality programmes. When comparing the
demographic characteristics in each category, each one in the low-quality or middle-
quality programmes was lower than in the high-quality programmes. Overall, 63% of low-
quality programmes include at least three different professions in the CR MDT, while
73.7% and 85.4% of middle- and high-quality programmes are delivered by MDTs with

at least three different professions, respectively.

Table 4.10 Demographic characteristics between quality categories

Characteristic Quality category (N) Effect size
Low Middle High

Number of patients who * .

started CR 126.16%% 261.15% 289.67 0.10

Total staff hours 60.78* 91.91%t 137.06*t 0.10
Number of qualified staff 3.03* 371 4,56+ 0.06

in MDT

MDT (3+) 17 55 41 0.08

CR, cardiac rehabilitation; MDT, multidisciplinary team; MDT (3+), at least three qualified
members of multidisciplinary team.

*Post-hoc significance between low-quality and high-quality categories, p<0.05 (bold text).
TPost-hoc significance between middle-quality and high-quality categories, p<0.05 (bold text).
FPost-hoc significance between low-quality and middle-quality categories, p<0.05 (bold text).

4.4.8. Demographic characteristics between countries

As the assumption of homogeneity of variance was met for number of qualified staff in
the MDT, one-way ANOVA was conducted to determine whether the mean value of
number of qualified staff in the MDT was different among countries (Table 4.11). The
assumption of homogeneity of variance was violated for the number of patients who
started CR and total staff hours, so one-way Welch ANOVA was conducted to determine

whether the mean value of both of these was different among countries (Table 4.11).
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Significant results are fully reported in Appendix 10. Table 4.11 shows that the average
of number of patients who started CR and total staff hours in England were statistically
and significantly different to those in Northern Ireland. When comparing the demographic
characteristics in each category, each one in Northern Ireland were lower than England
or Wales programmes. In Northern Ireland, 53.3% of CR programmes included at least
three different professions in the CR team while 74.2% and 82.4% of programmes in
England and Wales were delivered by an MDT with at least three different professions,

respectively.

Table 4.11 Demographic characteristics between countries

Criterion Countries (N) Effect size
England Wales Northern Ireland

Number of patients " * "

who started CR 252.58 238.71*t 122.47*% 0.04

Total staff hours 102.02* 120.01*t 38.32*t 0.05

Number of MDT 3.77 4.41 2.80 0.03

MDT (3+) 92/124 14/17 8/15 0.16

CR, cardiac rehabilitation; MDT, multidisciplinary team; MDT (3+), at least three qualified
members of multidisciplinary team.

*Post-hoc significance between England and Northern Ireland, p<0.05 (bold text).

tPost-hoc significance between Wales and Northern Ireland, p<0.05 (bold text).
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4.4.9. Missing data

The number and percentage of missing data for demographic and health state variables

between quality categories are shown in Table 4.12
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Table 4.12 Variables with missing values among quality categories

Variable

Missing (n) (%)

Low (31) Middle (78) High (52)
Age (years) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Female (%) 1 (3.2%) 1 (1.3%) 0 (0.0%)
Unemployment (%) 11 (35.5%) 13 (16.7%) 4 (7.7%)
IMD (deciles) 7 (22.6%) 12 (15.4%) 6 (11.5%)
High risk (%) 19 (61.3%) 25 (32.1%) 7 (13.5%)
BMI (kg/m2) (mean) 1 (3.2%) 1 (1.3%) 1 (1.9%)
Waist (cm) (mean) 6 (19.4%) 15 (19.2%) 8 (15.4%)
BP 2140/90 mmHg (%) 6 (19.4%) 8 (10.3%) 0 (0.0%)
Smoker (%) 13 (41.9%) 18 (23.1%) 4 (7.7%)

6MWT (metres) (mean)

18 (58.1%)

51 (65.4%)

27 (51.9%)

ISWT (metres)

24 (77.4%)

48 (61.5%)

27 (51.9%)

150 minutes moderate/week (%) 0 (0.00%) 2 (2.6%) 0 (0.0%)
75 minutes vigorous/week (%) 1(3.2%) 2 (2.6%) 0 (0.0%)
HADS anxiety (%) 13 (41.9%) 10 (12.8%) 2 (3.8%)
HADS depression (%) 14 (45.2%) 12 (15.4%) 2 (3.8%)

%, proportion of patients; BP, blood pressure; BMI, body mass index; HADS, Hospital Anxiety
and Depression Scale; IMD, Index of Multiple Deprivation, ISWT, Incremental Shuttle Walk Test;
6MWT, Six-Minute Walk Test.
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4.4.10. Demographics of patients

Proportions/means were calculated for patients with complete data for each
characteristic (more detail on characteristic variables is given in Chapter 3). One-way
ANOVA was conducted to determine whether the mean values of patients’
characteristics were different among CR quality categories (Table 4.13). The effect size
was small for age, percentage of female, percentage of unemployed and IMD (partial n?
0.01 for each). Table 4.13 shows no significant differences in age, gender or employment
status between the three quality categories. The mean values of characteristics in low-
quality programmes were lower than in middle- or high-quality programmes. In the high-
quality programmes, patients at baseline tended to be from the most deprived 10% of
LSOAs nationally compared with those in the low- and middle-quality programmes.

Table 4.13 Demographics of patients in cardiac rehabilitation (CR) programmes classified
as having low-, middle- and high-quality service delivery

Patient demographics Quality category p value | Effect size
Low Middle High

Age (years) 63.94 64.25 64.64 0.33 0.01

Female (%) 25.64 26.01 26.89 0.59 0.01

Unemployment (%) 15.96 19.27 17.78 0.56 0.01

IMD (deciles) 6.23 5.90 5.86 0.57 0.01

%, proportion of patients; IMD, Index of Multiple Deprivation.
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4.4.11. Baseline health states

One-way ANOVA was conducted to determine whether there were differences in mean

value of baseline health states of CR patients among the three categories of quality

delivery (Table 4.14). The non-significant results were fully reported in Appendix 11.

Table 4.14 Baseline health states of patients in cardiac rehabilitation (CR) programmes

classified as having low-, middle- and high-quality service delivery

Patient baseline health state Quality category p value| Effect size
Low Middle High
High risk (%) 16.28 21.84 23.39 0.32 0.02
BMI (kg/m?) (mean) 27.49 28.02 28.39  [0.04* 0.04
Waist (cm) (mean) 97.47 98.07 101.00 1|0.44 0.01
BP =140/90 mmHg (%) 28.69 32.64 33.47 0.24 0.02
Smoker (%) 8.32 12.68 11.39 0.09 0.04
6MWT (metres) (mean) 342.74 276.66 280.61 [0.15 0.06
ISWT (metres) (mean) 374.58 326.18 352.33 (0.62 0.02
150 minutes moderate/week (%) 36.49 28.04 29.53 0.12 0.03
75 minutes vigorous/week (%) 8.38 6.20 6.56 0.31 0.02
HADS anxiety (%) 28.05 32.58 31.54 0.16 0.03
HADS depression (%) 18.24 21.89 21.69 0.22 0.02

%, proportion of patients; BP, blood pressure; BMI, body mass index; HADS, Hospital Anxiety
and Depression Scale; ISWT, Incremental Shuttle Walk Test; 6MWT, Six-Minute Walk Test.

*p<0.05 (bold text).
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The average of BMI increased from the low-quality category (n=30, mean 27.49
(SD=2.09)), to the middle-quality (n=77, 28.02 (SD=1.63)), to high-quality category
(n=51, 28.39 (SD=0.86)). There was heterogeneity of variances, as assessed by the max
SD:min SD ratio (2.09/0.86=5.22). The differences among these groups was statistically

significant (Welch's F(2, 67.77)=3.42, p=0.04, n?=0.04).

4.4.12. Comorbidity profile

The proportions were calculated for patients with complete data for comorbidity profile
(More detail on comorbidity profiles are given in Chapter 3). One-way ANOVA was
conducted to determine whether mean total of comorbidities and proportion of each
comorbidity were different among quality categories (Table 4.15). The non-significant

results were fully reported in Appendix 12.
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Table 4.15 Baseline comorbidity profiles of patients in cardiac rehabilitation (CR)
programmes classified as having low-, middle- and high-quality service delivery

Patient baseline health state Quality category (%) p value Effect size
Low Middle High
Total comorbidities (mean) 1.36 1.44 1.72 0.05 0.04
Angina 11.57 9.52 9.30 0.25 0.02
Arthritis 2.99 4.32 4.73 0.10 0.03
Cancer 2.76 3.40 3.07 0.40 0.01
Diabetes 9.99 13.93 15.90 0.01* 0.06
Rheumatism 1.77 161 2.09 0.43 0.01
Stroke 2.07 3.28 3.79 0.01 0.06
Osteoporosis 1.08 1.27 1.86 0.05 0.04
Hypertension 31.89 31.87 35.58 0.47 0.01
Chronic bronchitis (e.g. COPD) 1.22 3.04 2.62 0.54 0.01
Emphysema 0.53 1.50 1.80 0.13 0.03
Asthma 4.59 4.65 6.55 0.01* 0.06
Claudication 3.07 1.47 241 0.19 0.02
Chronic back problems 5.02 6.58 8.33 0.12 0.03
Anxiety 4.78 1.96 2.82 0.29 0.02
Depression 4.92 2.73 3.20 0.48 0.01
Family history of CVD 9.58 11.28 11.69 0.74 0.00
;';’Sﬁﬁ)ri‘ég‘grisi;em'aemia or 1721 | 1558 | 1874 [0.56 0.01
COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease.

*p<0.05.
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The average of total of comorbidities increased from the low-quality category (n=31,
mean (SD) 1.36 (0.82)) to the middle-quality category (n=78, 1.44 (0.66)) to the high-
quality category (n=52, 1.72 (0.78)). There was homogeneity of variances, as assessed
by the max SD:min SD ratio (0.82:0.66=1.24). The difference among these groups was

statistically significant (F(2, 158)=3.06, p=0.05, n?=0.040).

The average proportion of patients started CR with diabetes comorbidity increased from
the low- (n=31, mean 9.99 (SD=9.03)), to middle- (n=78, 13.93 (SD=8.43)), to high-
quality category (n=52, M=15.90 (SD=6.98)). There was homogeneity of variances, as
assessed by the max SD:min SD ratio (9.03 / 6.98=1.29). The differences among these
quality categories was statistically significant (F(2, 158)=5.18, p=0.01, n2=0.06). Games-
Howell post-hoc analysis found that the mean increases from low- to high-quality

category (5.91 (95% CI 1.36 to 10.47, p=0.01) was statistically significant.

The average proportion of patients started CR with stroke comorbidity increased from
the low- (n=31, mean 2.07 (SD=2.81)), to middle- (n=78, 3.28 (SD=2.31)), to high-quality
category (n=52, 3.79 (SD=2.32)). There was homogeneity of variances, as assessed by
the max SD:min SD ratio (2.81 / 2.31=1.21). The differences among these quality
categories was statistically significant (F(2, 158)=4.98, p=0.01, n2=0.06). Games-Howell
post-hoc analysis found that the mean increases from low- to high-quality categories

(1.72 (95% CI 0.27 to 3.16, p=0.02) was statistically significant.

The average proportion of patients started CR with asthma comorbidity increased from
the low (n=31, mean 4.59 (SD=4.48)), to middle- (n=78, 4.65 (SD=3.23)), to high-quality
category (n=52, 6.55 (SD=3.30)). There was homogeneity of variances, as assessed by
the max SD:min SD ratio (4.48 / 3.23=1.39). The differences among these quality
categories was statistically significant (F(2, 158)=5.22, p=0.01, n2=0.06). Games-Howell
post-hoc analysis found that the mean increases from middle- to high-quality category

(2.90 (95% CI 0.51 to 3.29, p<0.001) was statistically significant.
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The effect size was small for all comorbidity profiles except proportion of diabetes, stroke,
and asthma which was medium effect size (partial n2=0.06 for each). Mean total of
comorbidities and proportion of patients with diabetes, stroke, and asthma differed

significantly among the three service delivery quality categories (Table 4.15).

4.4.13. Multinomial regression

Table 4.16 and Table 4.17 outline the results of the two multinomial logistic regression
models, which include all baseline parameters that were statistically significant according
to ANOVA. The first regression was performed to ascertain the effects of BMI and mean
total of comorbidities at baseline on the likelihood that patients would be enrolled in high-
quality programmes. While the second regression was performed to ascertain the effects
of proportion of patients with comorbidities: diabetes, stroke and asthma at baseline on

the likelihood that patients would be enrolled in high-quality programmes.

The multinomial logistic regression was performed to ascertain the effects of number of
comorbidities and BMI on the likelihood that programmes categorised as high quality.
The reference category for the outcome variable was ‘high quality category’; each of the
other two categories was compared to this reference group. There was no evidence of
multicollinearity, as assessed by tolerance values greater than 0.1. Linearity of the
number of comorbidities and BMI variables with respect to the logit of the quality category
variable was assessed via the Box-Tidwell procedure (Box and Tidwell, 1962). A
Bonferroni correction was applied using all five terms in each model resulting in statistical
significance being accepted when p<0.01 (Tabachnick and Fidell, 2014). Based on this
assessment, all continuous independent variables were found to be linearly related to
the logit of the dependent variable. The model was based on 158 CR programmes
(Low=30, middle=77, High=51) with complete data. The deviance goodness-of-fit test
indicated that the model was a good fit to the observed data, x2(310)=311.67, p=0.46.

The multinomial logistic regression model was statistically significant,
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X2(4)=14.05, p=0.01. The model explained 9.7% (Nagelkerke R2) of the variance in the
three quality categories and correctly classified 51.9% of programmes. Of the two
predictor variables, both were statistically significant: number of comorbidities and BMI.
An increase in mean number of total comorbidities was associated with a decrease in
the odds of being in the low-quality service delivery category compared to high category,
with an odds ratio of 0.47, 95% CI [0.24, 0.90], p=0.02. An increase in mean BMI was
associated with a decrease in the odds of being in the low-quality service delivery
category compared to high category, with an odds ratio of 0.67, 95% CI [0.49,
0.93], p=0.02. In addition, an increase in mean number of total comorbidities was
associated with a decrease in the odds of being in the middle-quality service delivery
category compared to high category, with an odds ratio of 0.54, 95% CI [0.32,
0.90], p=0.02. Regression coefficients and standard errors can be found in Table 4.16

(below).

Table 4.16 Multinomial regression models for independent predictors of category of quality
for CR deliver

Measured variables b (SE) Lower ClI OR Upper ClI

Low- vs high-quality categories

Intercept 11.86 (4.69)*
Mean total comorbidities -0.76 (0.34)* 0.24 0.47 0.90
BMI -0.40 (0.17)* 0.49 0.67 0.93

Middle- vs high-quality categories

Intercept 7.71 (4.15)
Mean total comorbidities -0.62 (0.26)* 0.32 0.54 0.90
BMI —0.22 (0.15) 0.60 0.80 1.06

b= regression coefficient; BMI, body mass index; Cl=Confidence Interval for odds ratio; OR, odds ratio;
SE; standard error of the coefficient.
*p<0.05 (bold text).
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The multinomial logistic regression was performed to ascertain the effects of the
proportion of patients with comorbidities: diabetes, stroke and asthma on the likelihood
that programmes categorised as high quality. The reference category for the outcome
variable was ‘high quality category’; each of the other two categories was compared to
this reference group. There was no evidence of multicollinearity, as assessed by
tolerance values greater than 0.1. Linearity of the proportion of patients with
comorbidities: diabetes, stroke and asthma variables with respect to the logit of the
quality category variable was assessed via the Box-Tidwell procedure (Box and Tidwell,
1962). A Bonferroni correction was applied using all seven terms in each model resulting
in statistical significance being accepted when p<0.01 (Tabachnick and Fidell, 2014).
Based on this assessment, all continuous independent variables were found to be
linearly related to the logit of the dependent variable. The model was based on the 161
CR quality programmes (Low=31, middle=78, High=52) with complete data. The
deviance goodness-of-fit test indicated that the model was a good fit to the observed
data, x2(298)=290.03, p=0.62. The multinomial logistic regression model was
statistically ~ significant, x2(6)=24.79, p<0.001. The model explained 16.3%
(Nagelkerke R2) of the variance in the three quality categories and correctly classified
54.7% of programmes. Of the three predictor variables, two were statistically significant:

proportion of diabetes comorbidity and proportion of asthma comorbidity.

An increase in mean proportion of patients with diabetes comorbidity was associated
with a decrease in the odds of being in the low-quality compared to high category, with
an odds ratio of 0.91, 95% CI [0.83, 0.99], p=0.04. An increase in mean proportion of
patients with asthma comorbidity was associated with a decrease in the odds of being in
the middle-quality compared to high category, with an odds ratio of 0.84, 95% CI [0.74,
0.96], p=0.01. Regression coefficients and standard errors can be found in Table 4.17

(below).
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Table 4.17 Multinomial regression models for independent predictors of category of quality
for CR delivery

Measured variables b (SE) Lower CI OR Upper CI

Low- vs high-performing categories

Intercept 1.19 (0.52) *

Diabetes (%) -0.09 (0.05) * 0.83 091 |0.99
Stroke (%) -0.24 (0.13) 0.62 079 |1.01
Asthma (%) 0.03 (0.09) 0.87 1.03 |[1.23

Middle- vs high-performing categories

Intercept 1.27 (0.44) *

Diabetes (%) -0.01 (0.03) 0.95 1.00 |1.05
Stroke (%) 0.05 (0.09) 0.88 1.05 |1.25
Asthma (%) -0.17 (0.07) * 0.74 0.84 |0.96

%, proportion of patients; b, regression coefficient; BMI, body mass index; Cl=Confidence Interval
for odds ratio; OR, odds ratio; SE, standard error.
*p<0.05 (bold text).

4.5 Discussion

Every section below discusses the findings for an aim of the study. The conclusions,
strengths and limitations of this set of analyses are then described. The implications for
clinical practice and research of the findings from these analyses are summarised in

Chapter 6.
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4.5.1. Quality of cardiac rehabilitation programmes (Aim 1)

Overall, 170 CR programmes pooled from the patient-level data were collected in the
NACR to identify those who met the agreed national standards of the NCP_CR and thus
to assess the overall quality of CR delivery. Statistically significant differences were
found among CR programmes in the UK with regard to meeting the standards in terms
of quality delivery of CR classified into three distinct categories — low (30.6%), middle
(45.9%) and high (18.2%) quality. The NACR is the only national audit that collects data
on the quality of care and clinical outcomes for patients taking part in CR (NACR, 2015).
The principal finding was that, based on NACR data from 2013 to 2014, only 15.9% (27
programmes out of 170 UK CR programmes) met all six standards included in the
NCP_CR report (NACR, 2015). This finding supports the warning in the clinical review
of CR published in the British Medical Journal that not all CR programmes are working
to the standards (Dalal, Doherty and Taylor, 2015). This finding also depends on the use
of the more lenient interpretation of the report, in which the 95% CI of the annual
averages of the standards was used, as using the 95% ClI increases the data range for
meeting a particular standard. Previously, CR programmes were required to meet a
particular data cut-point for most standards within the NCP_CR report, and if this latter
method had still been in place, fewer programmes would have been classed as high
quality. Only 52 from 170 CR programmes (30.6%) in the UK are considered as high-
quality programmes. More than 80% of CR programmes in England and Wales (83%
and 88%, respectively) are considered as middle or high quality compared to 57% of
programmes in Northern Ireland. This findings agree with other studies that showed that
CR offered varies considerably between and within countries with respect to content,

duration, intensity and volume (Zwisler et al., 2012; Bjarnason-Wehrens et al., 2010).

The results of the research reported here demonstrate the huge variation in CR
programmes meeting the standards. The analysis also showed that, within low-quality

categories, CR is being delivered later than recommended, is not being offered for the
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PGs, is not underpinned by pre- and post-assessment and is shorter in duration than the
recommended standards suggested by the BACPR (BACPR, 2017). It therefore would
be surprising if there was no variation in outcomes. The central question raised by the
results of RAMIT is the quality of participating CR programmes (Wood, 2012), as RAMIT
showed that CR as typically delivered in the UK did not provide any added value over
usual care CR and may not be effective as provided in ‘real life’ (West, Jones and
Henderson, 2012) . Such differences in outcomes from the latest three recent meta-
analyses highlight the ongoing need for well-designed studies with specified standards
in CR delivery and study reporting (Sumner, Harrison and Doherty, 2017; Anderson et

al., 2016; Rauch et al., 2016).

The analysis showed that a large proportion of the variance in the quality categories
(38.44% and 19%, respectively) was associated with the standards for offering CR to
PGs and with the time from referral to the start of CR among MI/PCI patients: 40.6% of
programmes in the UK did not offer CR to PGs (patients after MI, PCI, CABG, and HF).
Although 65.5% of CR patients had a post-CR assessment, this finding is weakened by
the knowledge that 43.5% of patients attending CR did not received a post-CR
assessment. Not having a post-CR assessment not only fails to align with BACPR
standards but also means that patients do not obtain a long-term management goal or
plan (NACR, 2015). Waiting time to start a CR programme after referral was longer than
six weeks after Ml in 50% of CR programmes in the UK and was even longer (eight
weeks after CABG) in 45% of CR programmes in the UK, so early opportunities to help
patients understand their disease and its treatment, address anxiety and depression,
and reduce their overall cardiovascular risk following diagnosis are being missed (Wood,
2012). Furthermore, 33.5% of CR programmes were delivered with a duration shorter
than 54 days (seven weeks), which is too short compared with the BACPR
recommended standards (minimum duration of eight weeks) (BACPR, 2017; NACR,

2017).
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The results of this research demonstrated that, when comparing the average standards
in each quality category, every standard for the low-quality programmes was outside the
criteria. This differed for the middle-quality programmes, which met some standards such
as assessments but with both referral times outside of the criteria. The high-quality
programme averages all sat within the criteria. In addition, low-quality programmes were

less multidisciplinary and comprehensive than middle- and high-quality programmes.

The research results highlight that the quality of programmes in the UK varies
significantly in terms of meeting the standards, as well as considerable differences in
quality between countries in terms of meeting the delivery standards for CR (BACPR,
2017). Differences in duration of CR programmes and inconsistencies in pre- and post-
assessment practices are cited as likely contributing factors. The ability of NACR to
quality assure data at the local level is helping commissioners and providers of CR
recognise barriers to uptake and develop interventions to improve service quality and
outcomes of CR services (NACR, 2017). Variation in the duration of CR by country is not
unanticipated, as the health delivery infrastructure is commissioned, funded and
incentivised differently (NACR, 2017). The ability to report service-level quality and
inequalities in CR delivery is dependent on the infrastructure, resources and financial

models that support CR services (NACR, 2017).

This study is the only UK-specific study that identifies the proportion of programmes
meeting national standards for the delivery of CR. This study accounted for six standard
measures that form part of the NCP_CR report. This study shows that high quality is
achievable in the modern cardiology era and that many programmes deemed to be mid-
level quality are close to meeting high-quality standards. However, substantial
unacceptable variation, below the accepted standards, exists. This study has shown that
NCP_CR criteria can be used to differentiate the quality of CR delivery and the findings
thus support national certification as a positive step to ensuring that patients, irrespective

of where they live, are able to access good quality services.
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4.5.2. Cardiac rehabilitation patient population

characteristics (Aim 2)

There were significant differences in the patient population among the quality categories
for delivery of CR services. This research investigated whether the three quality
categories differed with regard to the populations being treated within them. A CR
programme was more likely to be categorised as high quality if it included patients with
a higher mean total of comorbidities, including diabetes, stroke and asthma, in addition

to high BMI.

According to the research findings, high-quality programmes recruit more patients with
multiple comorbidities, who are more representative of the broader CVD population than
those with few comorbidities. The presence of multiple comorbidities including stroke,
diabetes and chronic obstructive pulmonary disease is an important factor associated
with a lower likelihood of a patient being referred to and participating in CR (Listerman
et al., 2011; Brown et al., 2009; Suaya et al., 2007; Witt et al., 2004), and the authors of
a systematic review warned that CR programmes need to pay greater attention to
recruitment of patients with multiple morbidities (Anderson et al., 2016). However,
patients with multiple morbidities represent populations at significantly increased
cardiovascular risk who may benefit from the services provided in CR (Listerman et al.,

2011; Brown et al., 2009; Suaya et al., 2007; Witt et al., 2004).

For one additional comorbidity, the odds of a CR programme being of high quality rather
than low quality increased by a factor of 2.13 and being of high quality rather than middle
quality increased by a factor of 2.13, which indicates that high-quality programmes take
on more complicated cases and potentially higher risk patients than low- or middle-
quality programmes. The higher quality programmes seem able to recruit patients with
multiple morbidities, who might not adhere with middle- or low-quality programmes. The

presence of multiple comorbidities is an important factor associated with lower odds of
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referral to, participation in and uptake of CR (Listerman et al., 2011; Brown et al., 2009;
Suaya et al.,, 2007; Witt et al.,, 2004). High-quality CR programmes included more
patients with the most dominant morbidities associated with CVD (except angina)
according to the NACR (NACR, 2017) — hypertension, hypercholesterolaemia or
dyslipidaemia; diabetes; combination of respiratory conditions (chronic bronchitis,
emphysema, and asthma); arthritis; chronic back problems; cancer; and stroke — at entry

to CR than the low-quality programmes.

For each unit increase in the BMI, the odds of a programme being of high quality rather
than low quality increased by a factor of 1.49. Cardiac rehabilitation programmes do not
generally include weight-loss components (Ades, Savage and Harvey-Berino, 2010) but
CR programmes with high-quality delivery recruit more patients with CVD and higher
BMI than those with low-quality delivery. Obesity is an independent risk factor for the
development of CVD (Mandviwala, Khalid and Deswal, 2016). At entry into CR, more
than 80% of patients were overweight and 30% had BMI >30 kg/m? (NACR, 2017; Ades,
Savage and Harvey-Berino, 2010). A population-based study across 10 large US
prospective cohorts, with 3.2 million person-years of follow-up from 1964 to 2015
concluded that higher BMI was associated with shorter longevity and significantly
increased risk of cardiovascular morbidity and mortality compared with normal BMI
(Khan et al., 2018). Although differences in BMI scores were statistically significantly
different between quality categories, the mean differences were of little clinical
importance, as a statistically significant result is not necessarily clinically important (small

to medium effect size).

For each percent increase in the proportion of patients with diabetes as a comorbidity,
the odds of a programme being of high quality rather than low quality increased by a
factor of 1.10. Despite the fact that CVD is the most prevalent cause of mortality and
morbidity in diabetic populations (Matheus et al., 2013) and in addition to the fact that

patients with diabetes had more CVD risk factors and lower physical capacity than
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patients without diabetes at the beginning of CR (Matheus et al., 2013; Mourot et al.,
2010), the findings show that high-quality programmes recruit more patients with CVD
and diabetes than low-quality programmes. Previous studies have examined the benefit
of CR in diabetes (Banzer et al., 2004; Verges et al., 2004; Milani and Lavie, 1996). The
relative risk for CVD morbidity and mortality in adults with diabetes compared with those
without diabetes ranged from 1 to 3 in men and from 2 to 5 in women (Rivellese, Riccardi
and Vaccaro, 2010; Huxley, Barzi and Woodward, 2006). A study based on 952 patients
with diabetes attending CR emphasised the need to target diabetic patients in CR
programmes with an aggressive programme of risk factor management (Banzer et al.,
2004). The prevalence of patients with diabetes in CR programmes seems to be
increasing and is likely to continue to rise as the current trends indicating increase of
prevalence of diabetes (Wild Sarah et al., 2004). Patients with diabetes are more
depressed following a diagnosis of CVD and have lower scores for functional status,
wellbeing, and total quality of life than non-diabetic patients (Milani and Lavie, 1996).
Cardiac rehabilitation in diabetic patients results in marked reduction in depression to a
prevalence identical to that in non-diabetic patients, in addition to improvements in

exercise capacity and total quality of life following CR (Milani and Lavie, 1996).

For each percent increase in the proportion of patients with asthma comorbidity, the odds
of a CR programme being of high quality rather than middle quality increased by a factor
of 1.19. The findings show that high-quality programmes recruit more patients with CVD
and asthma than low- and middle-quality programmes. Asthma is one of the most
common global morbidities and the most common chronic respiratory disease worldwide,
and was prospectively associated with increased risk of major CVvD (WHO, 2017a;
Iribarren et al., 2012). A recent meta-analysis indicated that asthma was associated with
an increased risk of CVD and all-cause mortality in cohort studies (Xu, Xu and Yang,
2017). Large cohort studies provide more evidence that patients with asthma have a

higher CVD event rate and an increased risk of death compared with non-asthmatics
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(Tattersall et al., 2015; Chung et al., 2014). A retrospective systematic review of
consecutive health records that included 1,328 cardiac patients discharged following M,
PCI and CABG suggests that asthma was associated with a decreased likelihood of CR

attendance (King, Humen and Teo, 1999).

The analysis of social deprivation showed no statistically significant difference in social
deprivation among quality categories; high-quality programmes tended to recruit more
socially deprived patients than low- and middle-quality programmes. Previous studies
suggested that socioeconomic deprivation is associated with lower participation in CR,
as non-participants tend to be more socially deprived (Sage, 2013; Martin et al., 2012;
Mosleh, Campbell and Kiger, 2009). A systematic review showed that patients with
greater deprivation are less likely to attend CR programmes but may have the most to
gain from CR because of a linear relation between socioeconomic status and cardiac
outcomes (Cooper et al., 2002). Strong evidence from many studies of specific NHS
services shows that patients from lower socioeconomic groups use specialist services

less in relation to need than those from higher socioeconomic groups (Dixon et al., 2007).

Patients who participated in high-quality CR programmes tended to be those with high-
risk status, high BMI score, high waist circumference, high blood pressure, high HADS
anxiety and depression score, and more comorbidities; smokers; and in more socially
deprived groups than patients in the low-quality programmes. In addition, high-quality
CR programmes also take on patients with lower fithess levels than low-quality
programmes. Such patients often have more severe functional impairment and are most

in need of CR, as well as being most likely to benefit (Beswick et al., 2004).

Ensuring equity of access to CR and improving the consistency of delivery should
increase long-term behaviour changes and contribute to a reduction in CVD-related

health inequality (Furze et al., 2016).
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The research reported in this thesis is the only UK-specific study to ascertain whether
variation in quality of CR delivery is determined by patient characteristics, while also
addressing whether these differences are associated with better quality delivery. This
study accounted for the range of patients within programmes in terms of demographic
characteristics, cardiovascular risk factors, comorbidities, and physical and psychosocial
health measures collected by the NACR. Evaluation and dissemination of information
about the populations served by CR programmes may help low-quality programmes to

be more inclusive.

4.6 Conclusions

This research aimed to identify the proportion of programmes meeting national standards
for the delivery of CR and ascertain whether variation in quality of CR delivery is
determined by patients’ characteristics. Only 30% of the CR programmes in the UK that
contributed to the NACR met the criteria for high-quality CR, with a further 18% seen as
low quality and 5% failing to meet any of the criteria. This research is the first to evaluate
CR against standards and report the extent of deficit in CR services in the UK. Mean
total comorbidities, higher BMI scores, and the proportions of patients with diabetes or
asthma were associated with CR programmes categorised as high quality. This finding
shows that the quality of delivery of a CR programme is associated with the morbidity
profile of its patient population. Further research is needed to investigate the extent of

patient outcomes between high-quality, middle quality and low-quality CR programmes.

4.7 Strengths

The strength of these analyses, like much of the research reported in this thesis, lies in
the use of an observational approach based on routinely collected patient data to

investigate what is happening in the real world.
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4.8 Limitations

Retrospective observational studies have known limitations in terms of data capture and
quality of the 303 CR programmes in the UK, according to the 2017 NACR report, only
224 (74%) programmes entered data electronically to the NACR. Although it can be
argued that there are enough data to be representative and carry out a reliable analysis,
future work should aim to achieve greater capture of available data across the UK.
Although CR programmes are encouraged to provide complete patient records, a
proportion of patient data were expected to be missing due to non-completion of patient
records. On the basis of the NACR data, 43.5% of all patients who started CR did not
have a post-CR assessment recorded, which might have affected the representativeness
of research sample. The sample did differ in 2 factors, age and gender, in the study from

overall population.

4.9 Summary of findings

Evidence of huge variation in meeting the standards among CR programmes

¢ CR offered varies considerably between and within countries

e Only 30% of CR programmes the UK met the criteria for high-quality CR

e High-quality CR service delivery is achievable in the modern cardiology era

e The NCP_CR criteria can be used to differentiate the quality of CR delivery

e The quality of delivery of a CR programme is associated with the morbidity profile
of its patient population

e A CR programme was more likely to be categorised as high quality if it included

patients with a higher mean total of comorbidities, including diabetes, stroke and

asthma, in addition to high BMI.
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Chapter 5 Outcomes of Cardiac Rehabilitation

5.1. Abstract

Background: Quitting smoking and participation in cardiac rehabilitation (CR) are
effective in reducing morbidity and mortality. However, little is known about predictors of
quitting smoking in those who attend CR, and the literature is also uncertain about the

extent to which those who attend CR gain weight while trying to quit smoking.

Objectives: This study aimed to determine sociodemographic and clinical factors
associated with the likelihood of CR attenders quitting smoking and to ascertain whether
CR, as delivered in routine practice, is associated with helping patients quit smoking and

avoid weight gain.

Methods: Baseline and outcome data, including patient demographics, cardiovascular
risk factors, comorbidities, physical and psychosocial health measures, and patient-
reported smoking status (continued smoker or quitter) before and after CR, were
extracted from the UK’s National Audit of Cardiac Rehabilitation (NACR) database for
patients entered into the database between April 2013 and March 2016. Binary logistic
regression was performed to identify predictors of quitting smoking among CR attenders.
A multiple linear regression model was constructed to understand the effect of continuing
smoking or quitting smoking on CR outcomes, with the CR outcome score adjusted by
the baseline CR score for each characteristic. An e-survey collected information about

the smoking cessation support offered to patients attending CR.

Results: Overall, 92.6% of CR programmes in the UK offer smoking cessation support
for CR attenders. Of the 130,961 patients who started CR and were entered into the
NACR database, 2,052 were continued smokers (mean age 58.59+10.49 years, 73.6%

men) and 1,238 were quitters (mean age 57.63+10.36 years, 75.8% men). The median
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duration of CR was 9 weeks. Patients who quit smoking tended to have lower
cardiovascular risk, fewer comorbidities, and lower depression scores when starting CR
and were more likely to be in a relationship. Quitting smoking during CR was associated
with a mean increase in body weight of 0.4 kg, which is much less than seen in
systematic reviews. Quitters who attended CR also had better improvements in physical

activity status and psychosocial health measures than smokers.

Conclusions: Patients with high cardiovascular risk, multiple comorbidities and higher
severity of depression and those in employment and with single status were unlikely to
quit smoking during CR. This research highlights routine factors that determine smoking
cessation outcomes, which could inform the delivery of CR to better help patients quit
smoking. As delivered in routine practice, CR is associated with helping patients quit
smoking and avoid weight gain. This study also showed that CR programmes in the UK

adhere to the guideline recommendations for smoking cessation interventions.
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5.2. Introduction

The previous chapter described the first substantive set of analyses for this thesis, which
ascertained the quality of CR in the UK compared with national standards for the delivery
of CR and evaluated whether variation in quality of CR delivery is associated with

patients’ characteristics.

Research is required to explore the extent to which patients meet outcomes targets
among high-, middle- and low-quality CR programmes. However, it is increasingly
difficult to evaluate outcomes among the quality categories due to the complexity of
reporting the extent of change. The scale of the challenge in terms of clinical presentation
and potential for change, at the point patients start CR, is very different from programme

to programme.

Additional outcomes such as quitting smoking need to be taken into account before
conclusions can be drawn about the quality of CR programmes. Smoking and obesity
are themselves interrelated. Smoking cessation is associated with substantial health
benefits, but weight gain is cited as a primary reason for not trying to quit smoking.
Numerous studies did not measure changes in physical activity to examine whether that
influenced weight gain after quitting smoking. Moreover, a level of positive association

evidence exists between obesity and anxiety and depression.

This chapter investigates the sociodemographic and clinical factors associated with
likelihood of quitting smoking among CR attenders, ascertains whether weight gain is
associated with smoking cessation in patients who attend CR, evaluates CR as an
intervention to manage weight gain associated with smoking cessation in patients
attending CR, and evaluates the smoking cessation support offered to CR attenders

using an e-survey.
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5.2.1. Cardiac rehabilitation contribution to smoking

cessation

The average proportion of patients who entered CR as non-smokers among the 24
health regions in the UK was 93.6% (range 85.9% to 98.8%) (NACR, 2017). Supporting
patients to quit smoking remains a top priority, and some CR programmes perform rather
well, with an average reduction in the number of patients smoking after CR of 12.5%,
while other CR programmes result in no change or even a worsening, with some having
an increase in the number of patients identified as smokers after CR (NACR, 2017).
Overall, the contribution of CR to smoking cessation at a national level remains positive,
with an average reduction of 1.4% (NACR, 2017). However, the burden in terms of the
percentage of smokers and the ability to support patients to quit smoking varies across
the 24 health regions (NACR, 2017), and the situation is more complex at the local level,

with 19 CR programmes showing a negative change (NACR, 2017).

The profile of smoking status at the point patients start CR is very different from
programme to programme. For instance, in 25 CR programmes, 100% of patients were
not smoking before CR, whereas about 25% of patients in one other programme were
smoking before CR (NACR, 2017). These differences make any comparison of change
at a programme level difficult to judge, as the potential for change is non-existent in some
programmes with initially lower levels of spoken and much greater in those programmes

with initially high levels of smoking.
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5.2.2. Cardiac rehabilitation contribution to physical

activity status

Physical activity status is a measure of how much physical activity (e.g. walking and light
housework) an individual does in an average week. The chief medical officers for all
nations of the UK recommend at least 150 minutes per week of moderate intensity
physical activity (30 minutes for 5 days/week) or 75 minutes per week of vigorous
physical activity, or a combination, as part of a public health initiative for adults (Bull et
al., 2010). This requirement has been adopted as a basic minimum requirement for the
World Health Organization, European, BACPR and SIGN recommendations (BACPR,

2017; SIGN, 2017; Piepoli et al., 2016; WHO, 2010).

Among the 24 health regions of the UK, 41.6% of patients met the recommendation of
150 minutes (range 20.3% to 52.3%) when they started CR, which increased to 70%
following CR (NACR, 2017). As with smoking status, the profile of physical activity status
at the point patients start CR is very different from programme to programme. In one
programme, only 8% of patients met the 150-minute recommendation at baseline
compared with 90% in another programme (NACR, 2017). Again, this makes any
comparison of change at a programme level percentage difficult to judge, as the potential
for change is non-existent in programmes with higher baseline levels of activity and much
greater in those programmes with initially low levels of meeting the baseline physical

activity recommendation levels.
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5.2.3. Cardiac rehabilitation contribution to weight

management

A key aim of CR and a goal for most patients is to bring BMI below <30 kg/m? (BACPR,
2017). On average, 30% of patients among the 24 health regions in the UK started CR
with a body mass index (BMI) >30 kg/m? (NACR, 2017). Some CR programmes do rather
well at achieving BMI <30 kg/m?, while others do not achieve any change and, even
worse, some report increases in the number of patients with BMI >30 kg/m? after CR
(NACR, 2017). The contribution of CR to reducing BMI at a national level is low, with an
average change of 0.8% in patients with BMI <30 kg/m? after CR (NACR, 2017). This
highlights the difficulty in addressing this risk factor. However, the burden in terms of the
percentage of patients starting CR with BMI >30 kg/m? and the ability to support patients
with weight management varies across the 24 health regions, and the situation at a local
level is very different from programme to programme, with 37 CR programmes showing
a negative change (NACR, 2017). The range of change across programmes was —1.2 to
7.6 percentage points, which suggests that some CR programmes may be doing slightly
better than others (NACR, 2017). Once again, any comparison of change at a
programme level is difficult to judge, with no potential for change in some programmes
with lower BMI at the start of CR and much greater potential for change in programmes

with initially high proportions of patients with BMI >30.
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5.2.4. Weight gain and smoking cessation

Additional factors need to be taken into account before drawing conclusions about how
well CR programmes support weight management. The prevalence of smokers per
programme is important, as the ability for a programme to make substantial change in
patients’ BMI may be hindered by their own success in smoking cessation. Although
smoking cessation results in considerable improvements in health, it is often
accompanied by weight gain, with patients trying to quit smoking more likely to put on 3—
5 kg of weight in the first three months to a year (Aubin et al., 2012). This substantial
effect may inhibit reporting of some successful weight loss programmes. The link
between smoking and body weight is closely related and poses significant challenges for

researchers investigating intervention effect in smokers.

A meta-analysis by Aubin et al. of 62 clinical trials that described weight gain in smokers
who quit smoking for up to 12 months suggest that body weight increased on average
by 1.12 kg, 2.26 kg, 2.85 kg, 4.23 kg and 4.67 kg at one, two, three, six and 12 months,
respectively, after quitting (Aubin et al., 2012). Most of the weight gain occurs within three
months of quitting, and estimates of weight gain were similar among smokers using
different pharmacotherapies to support smoking cessation (Aubin et al., 2012). The
variation in weight change is large, with about 16% of quitters losing weight and 13%

gaining more than 10 kg (Aubin et al., 2012).

A large systematic review and meta-analysis of the association between smoking
cessation and weight gain that included 35 prospective cohort studies with 63,403
quitters and 388,432 continuing smokers found that quitting smoking was associated
with mean weight gain of 4.10 kg and mean BMI gain of 1.14 kg/m? over an average of
5 years (Tian et al., 2015). The participants in this meta-analysis were more similar to
the general population than participants in the meta-analysis by Aubin et al. (Aubin et al.,

2012), so the findings can be generalised. In addition, the cohort studies in the study by
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Tian et al. (Tian et al., 2015) had longer follow-up than those in the meta-analyses by
Aubin et al. (Aubin et al., 2012), which allows assessment of the effects of quitting

smoking on weight change beyond 12 months.

In addition, a comprehensive review evaluated 70 cross-sectional and longitudinal
studies show that, on average, smokers weigh less than non-smokers and former
smokers weigh more than both smokers and non-smokers (Klesges et al., 1989).
Numerous cohort studies also show that people who stop smoking gain weight (Lycett
et al., 2011; Pistelli, Aquilini and Carrozzi, 2009; Eisenberg and Quinn, 2006; Filozof,
Fernandez Pinilla and Fernandez-Cruz, 2004; Froom, Melamed and Benbassat, 1998;
Perkins, 1993; Klesges et al., 1989). For example, in a prospective cohort with 8-year
follow-up of people trying to stop smoking that examined the association between weight
change and baseline BMI between continuing and quitting smokers, those who continued
smoking for 8 years gained 2.24 kg, those who abstained from smoking for 8 years
gained 8.79 kg, those who smoked for the first year but were abstinent at 8 years gained
8.33 kg, and those who stopped smoking for a whole year but were smoking again by 8
years gained 3.28 kg, with weight gain similar to and not significantly different from that
in continuous smokers (Lycett et al., 2011). Obese smokers gain most weight when
quitting smoking, while obese continuing smokers are likely to lose weight or their weight
remains stable. Lycett et al. concluded that smokers who quit smoking gain 6—7 kg more
than if they had continued smoking. This study did not measure changes in physical

activity to examine whether that influenced weight gain after stopping smoking.

A literature review indicated that the risk of weight gain is highest during the 2 years
immediately after smoking cessation and declines thereafter; on average, sustained
quitters gain about 5-6 kg in weight (Froom, Melamed and Benbassat, 1998). Another
literature review suggested that most smokers who quit experience weight gain,
particularly within one year of quitting and this may persist for up to 8 years after smoking

cessation (Pistelli, Aquilini and Carrozzi, 2009).
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Eisenberg and Quinn tested a method that produces an unbiased estimate of the
average effect of smoking cessation on weight gain by reanalysis of data from the
LungHealth Study (Eisenberg and Quinn, 2006; O’Hara et al., 1998). The LungHealth
Study, which was a randomised controlled trial conducted in the United States between
1986 and 1994, was a randomised smoking cessation trial with 5,887 smokers aged 35—
60 (O’Hara et al., 1998). The reanalysis estimated weight gain of 9.7 kg over 5 years due
to smoking cessation compared with the conventional estimate of 5.3 kg (Eisenberg and

Quinn, 2006).

Filozof, Fernandez Pinilla and Fernandez-Cruz suggested that therapeutic approaches
that can prevent weight gain after smoking cessation might result in more patients willing
to quit smoking and higher rates of success (Filozof, Fernandez Pinilla and Fernandez-
Cruz, 2004). Another literature review indicated that exercise attenuates the amount of

weight gained after smoking cessation (Froom, Melamed and Benbassat, 1998).

5.2.5. Weight gain and anxiety and depression

Although weight gain does not offset the health benefits of smoking cessation which far
exceed any health risks that may result from smoking cessation-induced weight gain, it
is frequently a source of concern for smokers planning to quit (Pistelli, Aquilini and

Carrozzi, 2009).

Gaining weight while stopping smoking can lead to anxiety and depression. A systematic
review and meta-analysis of 16 epidemiological studies (two prospective and 14 cross-
sectional) found a moderate level of evidence for a positive association between obesity
and anxiety in the general population (Gariepy, Nitka and Schmitz, 2010). A systematic
review found strong evidence and a significant and bidirectional association between
obesity and depression (Rajan and Menon, 2017). A family-based observational study
that examined the relationship between obesity and depression found that obesity was

associated with an increased risk of depression, with the odds ratio for depression
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increasing with BMI (Dong, Sanchez and Price, 2004). A systematic review and meta-
analysis of 15 studies found that overweight, obesity and depression interacted
reciprocally and that overweight and obesity increased the risk for depression (Luppino
et al.,, 2010). In this review, obese people at baseline had a 55% increased risk for
depression over time compared with a 27% increased risk of depression for overweight
people. Finally, a systematic review of nine observational studies found that overweight
or obesity was consistently associated with depression and that people with obesity were
32% more likely to have depression than those with normal weight (Pereira-Miranda et

al., 2017).

5.2.6. Smoking

Smoking is a major risk factor for cardiovascular disease (CVD) and one of the biggest
threats the world has ever faced, being the cause of death of more than 7 million people
per year (WHO, 2017b). Smoking is a major preventable risk factor for the development
of non-communicable diseases, including cardiovascular, cancers and respiratory
diseases (U.S. Department of Health and Human Services, 2014). According to statistics
from the Centers for Disease Control and Prevention, smoking remains the single largest
preventable cause of death and disease in the United States (U.S. Department of Health

and Human Services, 2014).

The recent large and highly comprehensive meta-analysis of the link between smoking
and CVD used data from 25 prospective cohorts in the Consortium on Health and
Ageing: Network of Cohorts in Europe and the United States (CHANCES) found that
smoking is a strong independent risk factor for CVD and mortality in people aged >60
years (Mons et al., 2015). This analysis found that smokers had a two-fold higher risk of
cardiovascular mortality compared with non-smokers, smoking advanced the risk of
death from CVD by more than five years, smoking cessation in older adults is still

beneficial, and the increased excess risk among quitters declined with time after smoking
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cessation (Mons et al.,, 2015). Even at older ages, quitting smoking is beneficial in
reducing the excess cardiovascular risk caused by smoking. Given the increasing
numbers of older people and the higher incidence of CVD and mortality at older age,

there is tremendous potential for smoking and CVD prevention (Mons et al., 2015).

A meta-analysis of 12 cohort studies estimated that mortality in patients who continue to
smoke after myocardial infarction (Ml) is 20% and suggested that smoking cessation is
associated with a significant decrease in mortality (Wilson et al., 2000). A retrospective
analysis of data from an American study showed that people who continued to smoke
after percutaneous coronary revascularisation had a 76% increased risk of death after
an average of 4.5 years of follow-up compared with non-smokers and a 44% higher risk

of death compared to those who quit smoking (Hasdai et al., 1997).

Even stronger evidence comes from a 15-year follow-up of Dutch patients who
underwent coronary bypass surgery (Voors et al., 1996). Patients who were smoking 1
year after surgery had a risk of subsequent myocardial infraction and reoperation more
than two times higher than those of patients who had quit smoking since surgery (Voors
et al., 1996). Patients who were still smoking at 5 years after surgery had even higher
risks of Ml and reoperation and a significantly increased risk of angina pectoris compared
with patients who stopped smoking after surgery and patients who never smoked.
Moreover, risks of Ml were similar among non-smokers and those who were successful

in quitting after surgery (Voors et al., 1996).

Quitting smoking is the most cost-effective strategy for CVD prevention (Piepoli et al.,
2016). A systematic review of 20 prospective cohort studies showed that quitting
smoking is associated with a 36% reduction in the risk of all-cause mortality for patients
with coronary heart disease who quit compared with those who continued smoking

(Critchley and Capewell, 2003).
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International guidelines recommended that CVD prevention should be delivered in
patients at moderate to high risk of CVD and patients with established CVD by tackling
smoking as a risk factor and considered quitting smoking as an important target in both
primary and secondary prevention of CVD (BACPR, 2017; Gerhard-Herman et al., 2017,
Piepoli et al., 2016; Smith et al., 2011) Adopting healthy behaviours such as quitting
smoking is the cornerstone of prevention and control of CVD, as prevention is effective
and elimination of health risk behaviours could prevent at least 80% of cases of CVD
and 40% of cancers (BACPR, 2017; Gerhard-Herman et al., 2017; Liu et al., 2012; Smith

et al., 2011; NICE, 2010b).

Across the UK, CR is delivered in accordance with the British Association for
Cardiovascular Prevention and Rehabilitation (BACPR) standards, which aim to reduce
cardiovascular risk and promote quality of life through coordinated core components of
CVD prevention and rehabilitation (BACPR, 2017). Through the lifestyle risk factor
management of its core component, the BACPR recommend supporting people who
have recently quit smoking with weight management in addition to smoking cessation

and relapse prevention (BACPR, 2017).

5.2.7. Smoking cessation and cardiac rehabilitation

One challenge around reporting patient outcomes is that some measures are inter-
related — for example, most patients who try to quit smoking will have increases in body
weight (Tian et al., 2015; Aubin et al., 2012). As weight gain may be a barrier to quitting
smoking or a reason to restart smoking, CR has not been evaluated to control weight
gain after smoking cessation. With such an interaction, it would be wrong to judge the
success of weight management and smoking cessation associated with CR programmes

at a named local level without taking this relationship into account.
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Smoking cessation is associated with substantial health benefits. Weight gain is cited as
a primary reason for not trying to quit smoking (Klesges et al., 1988). Both
overweight/obesity and smoking are risk factors for CVD. Furthermore, smoking and
obesity are themselves interrelated. Better designed observational studies are needed
to determine which factors are associated with successfully quitting smoking in CR
attenders. To date, research on the determinants of likelihood of quitting smoking among
CR participants has been limited. A more thorough investigation is required to identify
the predictors of quitting smoking in CR- specific influencing factors that could inform

tailored interventions to increase quitting smoking.

As weight gain may be a barrier against quitting smoking, it is interesting to investigate
smoking cessation support services provided in CR to help patients quit smoking. Little
is known about how routinely CR programmes support smoking cessation. An
exploration could encourage knowledge exchange and discussion. This chapter depicts
an e-survey of CR programmes in the UK that explored the support to quit smoking
offered for CR patients. The overall aim was to explore whether CR programme offer
support for patients with quitting smoking and specifically whether patients attending CR
received smoking cessation support at the CR programme, were referred to external
support, or both. Furthermore, reasons why CR programmes do not provide support for

quitting smoking were explored.
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The principal aims of the analyses reported in this chapter were to:

1. investigate and determine sociodemographic and clinical factors associated with
likelihood of quitting smoking among CR attenders

2. ascertain whether weight gain associated with smoking cessation in patients
attending CR and whether CR, as delivered in routine practice, is associated with
helping patients stop smoking and avoid weight gain.

3. evaluate the extent of smoking cessation support offered to CR patients using an

e-survey.

5.3. Methods

The data sources, population, and variable are described in detail in Chapter 3 but are
briefly summarised here for ease of reference. Any details of methods specific to the

analyses in this chapter are also noted here.

5.3.1. Data source

The data source is described fully in Chapter 3. In brief, the analyses were conducted
using individual patient data collected electronically in the National Audit of Cardiac
Rehabilitation (NACR). The NACR is a web-based registry of CR in the UK funded by
the British Heart Foundation. Practitioners involved in CR delivery electronically enter
data on patients eligible and referred for CR into the individual patient dataset according
to a data dictionary (www.cardiacrehabilitation.org.uk/nacr/downloads.htm), and the data
quality is checked by a member of the NACR team. The audit is voluntary, supports direct
entry of data within a secure online system, and collects local programme-level data for
those who are referred to and undergo CR. It includes details of a patient’s initiating
event, treatment type, risk factors, drugs, patient demographics, and post-CR clinical
outcomes. The NACR has approval to collect anonymised patient data for a range of
clinical variables without explicit consent from individual patients for the purposes of audit
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and research under Section 251 of the NHS Act 2006 (NACR, 2017). Approval is
reviewed annually by NHS Digital. Separate ethical approval was not required as part of
this research in addition to the e-survey project, which is also a NACR audit process. In
both cases the rationale for data collection was to improve the quality of CR service
delivery for public benefit. This observational study was reported following the guidelines
of the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)

guidelines (von EIm et al., 2008).

5.3.2. Participants

The research cohort included data from patients added to the NACR database between
1 April 2013 and 31 March 2016, which have been validated and extracted
retrospectively. The analysis included data on sociodemographic and clinical
characteristics for patients who started CR and had a smoking status assessment at

baseline (pre-CR) and follow-up (post-CR). There were no exclusion criteria.

5.3.3. Smoking outcome measures

Smoking status in the NACR database is recorded with information obtained by patient
self-report questionnaires (NACR, 2017), and the NACR assessment questionnaire on
which variables were collected and used is given in Appendix 2. Patients are categorised

according to smoking status pre- and post-CR to one of the following statuses:

¢ Never smoked
e Ex-smoker
e Stopped smoking since event

e Currently smoking.
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From the smoking status record pre- and post-CR for each CR patient, patients were

defined, for the purposes of this research, as:

e continued smokers, if they were current smokers in the pre- and post-CR
assessments
e (quitters, if they were current smokers at the pre-CR assessment but had no

smoking status at the post-CR assessment.

See Figure 3.3 in Chapter 3 for a graphic representation of this measure definition.

5.3.4. Baseline characteristics

Numerous past studies have used a variety of baseline characteristics to assess the
difference between continued smokers and quitters (Jampaklay et al., 2015; Kim and
Cho, 2014; Li et al., 2010; Lee and Kahende, 2007; Tucker et al., 2005; Hyland et al.,
2004; McMahon and Jason, 2000; Osler and Prescott, 1998; Hymowitz et al., 1997; Rose
et al., 1996; Centers for Disease Control and Prevention, 1993; Hatziandreu et al., 1990;
McWhorter, Boyd and Mattson, 1990). The research used a variety of different patient
variables collected by the NACR primary dataset, including demographics,
comorbidities, cardiovascular risk factors, and physical and psychosocial health

measures (Table 5.1). Further detail on characteristics are given in Chapter 3.
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Table 5.1 Data used in the research.

Sociodemographic Cardiovascular risk Comorbidities Physical health Psychosocial health
characteristics factors measures measures
e Age at initiating event e Cardiovascular risk e Number of comorbidities e Self-reported moderate

e HADS anxiety score

e Gender (male/female) (low/middle/high) physical activity « HADS depression

e Marital status ¢ Weight (150 minutes/week; score
(partnered/single) e BMI yes/no)

e Work status e BP >140/80 mmHg e Self-reported vigorous
(employed/unemployed/retired) e  Alcohol consumption physical activity

e Ethnocultural background (75 minutes/week;
(White British, Other) yes/no)

e English IMD

BMI, body mass index; BP, blood pressure; HADS, Hospital Anxiety and Depression Scale; IMD, Index of Multiple Deprivation.
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5.3.5. e-Survey

With the knowledge that smoking cessation is a key part of secondary prevention and
rehabilitation and is included in the BACPR core components of lifestyle risk factor
management (BACPR, 2017), a cross-sectional 11 item e-survey was sent to CR
services to explore smoking cessation services provided by CR programmes in the UK.
The sampling frame encompassed the ‘coordinators’ of the 224 CR programmes in the
UK that enter their data electronically to the NACR. Several reminders were sent out via
email over a period of two months. Data collection took place in the summer of 2016
(May 2016-July 2016). The response rate was 78% (175/224 CR programmes
registered in the NACR). Further detail on e-survey method are given in Chapter 3. The

survey of the 11 items is given in Appendix 6.

5.3.6. Statistical analysis

All analyses were performed in the IBM Statistical Package for Social Sciences (SPSS)
software statistics Version 24 (New York, USA). p<0.05 was considered statistically

significant.

The primary focus in this chapter was to investigate sociodemographic and clinical
factors associated with likelihood of quitting smoking among CR attenders, evaluate
whether CR as delivered in routine practice helps patients quit smoking and avoid weight
gain, and evaluate the smoking cessation support offering for patients attending CR
programmes in the UK. Pre- and post-CR smoking status record for the whole cohort
described, then study flow and sample size. Smoking status was valued as 1 for quitters
and 0 for smokers. Frequency tables were generated to categorise CR patients as
smokers and quitters according to their recorded pre- and post-CR smoking status.
Analyses were conducted using all available data from CR attendees to minimise
selection bias. Continuous variables are shown as mean (standard deviation (SD)) and

categorical variables as frequencies (percentage). Descriptive statistics were used to
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describe and compare a variety of sociodemographic and baseline characteristics
between smokers and quitters among CR attendees in the UK. Both continuous and
categorical variables were used depending on the method of data collection in the NACR.
Differences in baseline characteristics were then compared using independent-samples
t-test for continuous variables or chi-square test (y?) for categorical variables. To check
for normality, normal quantile—quantile plots was used (Bland, 2000). To check for
homogeneity of variances, Levene's test for equality of variances was used. A modified
t-test referred to as the unequal variance t-test or the Welch t-test was used when the
assumption of homogeneity of variances was violated (Welch, 1947). The independent-
samples t-test results for group comparison provide: sample size (n), mean (M) and
standard deviation (SD) for both groups, the statistical value (t or F), degrees freedom

(df), significance (p), and 95% confidence interval (95% CI).

Cohen's d test was used as a measure of the effect size to indicate the mean difference
between two groups in standard deviation units (Cohen, 1988). It shares the same range
as standard deviation (—3.0 to 3.0). The standard guidelines for interpreting Cohen's d

test are shown in Table 5.2 (Cohen, 1988).

Table 5.2 Guidelines for interpreting Cohen's d test.

Effect size strength Cohen's d test
Small 0.2
Moderate 0.5
Large 0.8
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In addition, a x? test for association was conducted between baseline sociodemographic
and clinical characteristics and smokers and quitters participating in CR (Cohen, 1988).
Phi and Cramér's V tests are a measure of the effect size or strength of association of a
nominal by nominal relationship (Cohen, 1988). They range in value from 0 to 1, with a
value of 0 indicating no association and a value of 1 indicating complete association
(Cohen, 1988). Only significant results were fully reported. Guidelines for interpreting Phi

and Cramér's V are shown in Table 5.3.

Table 5.3 Guidelines for interpreting Phi or Cramér's V.

Magnitude of effect size Value of Phi or Cramér’s V
Small 0.1
Moderate 0.3
Large 0.5

The number of missing values reported for each variable of interest in addition to the
number of cases with complete data for each important component of the analysis.
Patient variables with more than 60% missing values were eliminated from the dataset
and only variables with 10-60% of missing values were imputed (Dong and Peng, 2013).
I compared and described differences between analysis results of CR patients from the
original with those from an analysis of all data after replacement of missing values, which
were handled through the expectation maximisation method (Schafer, 1997).
Expectation maximisation data analyses are presented in the results section alongside
the original data results. Only significant results of original data were fully reported. The
relevant parameters (regression coefficients, standard errors, etc) were combined
according to the rules presented by Rubin (RUBIN, 1987). Further detail on handling

missing values and the expectation maximisation method are given in Chapter 3.
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Binary logistic regression was used to predict the probability of quitting smoking among
CR attenders. Variables were considered in the equation for the binary logistic analysis
based on the extent of association between smokers and quitters (Field, 2018). Checks
were performed to ensure that the models were a good fit through assumptions
associated with the regressions. The final model's goodness-of-fit was evaluated using

a Hosmer and Lemeshow test (Field, 2018).

Percentage or relative change was used to measure the difference in outcome (post-CR)
from baseline (pre-CR) (Zhang and Han, 2009; Tdérngvist, Vartia and Vartia, 1985). It is

calculated by:

(percentage change=pre-CR value — post-CR value/pre-CR value) * 100

Outliers were detected by the median plus or minus 3 times the median absolute
deviation (3tMAD) method (Leys et al., 2013). Pre-and post-CR values with more than

3+MAD percentage change for each characteristic were eliminated from the analysis.

A multiple linear regression model was constructed to understand the effect of continuing
smoking or quitting smoking on CR outcomes, with adjustments for the outcome CR
score by the baseline CR score for each characteristic. Post-CR outcomes (with respect
to baseline) were introduced into multiple linear regression models (as continuous
dependent variables) and tested against smoking status (a score of 0 was categorised
as smoker, whereas score 1 was categorised as quitter). To take account of the nested
nature of the primary dataset, patients are clustered within CR centres. The binary
logistic regression and multiple linear regression models were constructed using cluster

analysis.

The short electronic survey utilised as a uniformed and easy method to collect

information about smoking cessation support offering for CR patients. Commonly used
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descriptive statistical parameters, including number of programmes, percentages,

means or medians, and standard deviations, were used to explore the data.

5.4. Results

5.4.1. Cohort characteristics

The NACR cohort included 130,961 patients (mean age 64.97+11.90 years, 73.1% male)
who started CR during the research period (Table 5.4). Overall, 91.4% of the patients
who started CR and had a smoking status recorded were classified as ho smoking status
(31,832 had never smoked; 35,417 were ex-smokers; 7,808 had stopped smoking since

event).

Figure 5.1 shows the study flow. Of the 49,725 patients who had smoking status
recorded pre- and post-CR, 46,435 (93.4%) were classified as hon-smokers (mean age
65.72+11.08 years, 74.7% male), 2,052 (4.1%) as continued smokers (mean age
58.59+10.49 years, 73.6% male) and 1,238 (2.5%) as quitters (mean age 57.63+10.36
years, 75.8% male). The median duration of CR was 9 weeks. For the purposes of this

research, patients were categorised as continued smokers or quitters (Table 5.5).

Table 5.4 Smoking status measurement record pre and post-CR.

Smoking status record Pre-CR (n) (%) Post-CR (n) (%)
Never smoked 31,832 (24.3%) 23,348 (17.8%)
Ex-smoker 35,417 (27.0%) 25,152 (19.2%)
Stopped smoking since event 7,808 (6.0%) 4,842 (3.7%)
Currently smoking 7,084 (5.4%) 2,847 (2.2%)
Missing 48,820 (37.3%) 56,189 (57.1%)
Total 130,961 (100.0%) 130,961 (100.0%)
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n=Number of patients; %= percentage of patients.
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1,238 quitters
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Figure 5.1 Study flow and sample size. NACR: National Audit of Cardiac Rehabilitation.

Table 5.5 Smoking categorisation groups.

Group Frequency (n) Percent (%)
Smokers 2052 62.4
Quitters 1238 37.6
Total 3290 100

n=Number of patients; %, percentage of patients.

5.4.2. Missing values

The number and percentage of missing values for variables with 10-60% of missing

values are shown in Table 5.6.
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Table 5.6 Variables with missing values.

Variable Missing (n) | Percent (%)
Waist (Ax1) 1,964 59.7
Waist (Ax2) 1,925 58.5
Risk Assessment Score 1,767 53.7
Alcohol (Ax2) 1,531 46.5
Alcohol (Ax1) 1,409 42.8
Self-reported vigorous physical activity (75 minutes/week) (Ax2) | 1,381 42.0
Self-reported vigorous physical activity (75 minutes/week) (Ax1) | 1,373 41.7
HADS depression score (Ax2) 1,101 335
HADS anxiety score (Ax2) 1,101 33.5
Self-reported moderate physical activity (150 minutes/week) | 1,099 334
(Ax1)

HADS depression score (Ax1) 1,069 325
HADS anxiety score (Ax1) 1,069 325
Self-reported moderate physical activity (150 minutes/week) | 1,029 313
(Ax2)

Marital status 895 27.2
Employment status 716 21.8
IMD decile 707 21.5
BMI (Ax2) 672 20.4
Weight (Ax2) 578 17.6
BP (Ax2) 511 15.5
BMI (Ax1) 492 15.0
Weight (Ax1) 429 13.0
BP (Ax1) 380 11.6
Gender 52 1.6

Ax1, record at Assessment 1; Ax2, record at Assessment 2; BMI, body mass index; BP, blood pressure;
HADS, Hospital Anxiety and Depression Scale; IMD, Index of Multiple Deprivation; n=Number of patients.
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5.4.3. Smokers versus quitters (baseline characteristics)

The mean baseline characteristics of smokers and quitters using original data and

expectation maximisation data are summarised in Table 5.7 and Table 5.8.

Baseline characteristics for each level of smoking were normally distributed, as assessed
by normal quantile—quantile plots. An independent-samples t-test was run to determine
whether sociodemographic and clinical characteristics differed between smokers and
quitters (Table 5.7). Expectation maximisation results are presented in Table 5.7
alongside the original data results. Use of expectation maximisation to handle missing
data seemed to give similar results to the original analysis. Only significant results from

the original data were fully reported.
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Table 5.7 Baseline characteristics of smokers

and quitters participating in cardiac rehabilitation (continuous measures).

Characteristics Group Original data mean (SD)/n Effect size EM data mean (SD)/n Effect size

Age Smokers 58.59 (10.49)/2,052* 0.09 58.59 (10.49)/(2,052)* 0.09
Quitters 57.63 (10.36)/1,238* 57.63 (10.36)/(1,238)*

Comorbidities Smokers 1.85 (1.80)/2,052* 0.18 1.85 (1.80)/(2,052)* 0.18
Quitters 1.54 (1.58)/1,238* 1.54 (1.58)/(1,238)*

Weight Smokers 81.63 (18.45)/1,793* 0.09 81.68 (17.40)/(2,052)* 0.08
Quitters 83.27 (18.43)/1,068* 83.04 (17.21)/(1,238)*

BMI Smokers 28.03 (0.14)/1,763 0.00 28.03 (5.42)/(2,052) 0.01
Quitters 28.03 (0.16)/1,035 28.06 (4.79)/(1,238)

Waist Smokers 98.72 (14.38)/918 0.01 98.66 (13.11)/(2,052) 0.01
Quitters 98.63 (15.33)/408 98.79 (12.64)/(1,238)

Alcohol Smokers 9.09 (15.29)/1,240 0.02 9.07 (11.95)/(2,052) 0.00
Quitters 8.78 (14.19)/641 9.01 (10.30)/(1,238)

HADS anxiety score Smokers 7.31 (4.64)/1,478* 0.10 7.29 (4.01)/(2,052)* 0.09
Quitters 6.84 (4.52)/743* 6.93 (3.60)/(1,238)*

HADS depression score Smokers 5.96 (4.28)/1,477* 0.21 5.92 (3.68)/(2,052)* 0.18
Quitters 5.08 (4.01)/744* 5.30 (3.19)/(1,238)*

IMD decile Smokers 4.86 (2.90)/1,585 0.01 4.84 (2.57)/(2,052) 0.02
Quitters 4.89 (2.90)/998 4.88 (2.61)/(1,238)

BMI, body mass index; EM, expectation maximisation; HADS, hospital anxiety and depression scale; IMD, Index of multiple deprivation; SD, standard deviation; n=Number

of patients.

*p<0.05 (bold text).
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An independent-samples t-test was run to determine whether there were differences in
age between smokers and quitters. There was homogeneity of variances, as assessed
by Levene's test for equality of variances (p=0.85). Smokers’ age (n=2,052,
M=58.59, SD=10.49) was higher than quitters (n=1,238, M=57.63, SD=10.36), a
statistically significant difference, M=0.96, 95% CI 0.22 to 1.70, t(3288)=2.56, p=0.01,
Cohen's d effect size value (d=0.09). These results were the same with expectation

maximisation data, as the age variable did not have missing values.

A Welch t-test was run to determine whether there were differences in the number of
comorbidities between smokers and quitters due to the assumption of homogeneity of
variances being violated, as assessed by Levene's test for equality of variances
(p<0.001). The number of comorbidities in smokers (n=2,052, M=1.85, SD=1.80) was
statistically lower than for quitters (n=1,238, M=1.54, SD=1.58): M=0.31 (95% CI 0.19 to
0.43), 1(2,872.93)=5.14, p<0.001. These results were the same with expectation

maximisation data, as the number of comorbidities variable did not have missing values.

An independent-samples t-test was run to determine whether there were differences in
pre-CR weight between smokers and quitters. There was homogeneity of variances, as
assessed by Levene's test for equality of variances (p=0.66). Smokers weight
(n=1,793, M=81.63, SD=18.45) was statistically higher than for quitters (n=1,068,
M=83.27, SD=18.43): M=-1.64 (95% Cl -3.03 to —0.24), t(2,859)=—2.30, p=0.02.

Cohen's d effect size value (d=0.09) suggested a large practical significance.

An independent-samples t-test was run to determine whether there were differences in
pre-CR HADS anxiety score between smokers and quitters. There was homogeneity of
variances, as assessed by Levene's test for equality of variances (p=0.51). Smokers
HADS anxiety score (n=1,478, M=7.31, SD=4.64) was statistically higher than for
quitters (n=743, M=6.84, SD=4.52): M=0.46 (95% Cl 0.06 to

0.87), t(2219)=2.24, p=0.03.
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An independent samples t-test was run to determine whether there were differences in
pre-CR HADS depression score between smokers and quitters. There was homogeneity
of variance, as assessed by Levene's test for equality of variances (p=0.06). Smokers’
HADS depression score (n=1,477, M=5.96, SD=4.28) was statistically higher than for
quitters  (n=744,  M=5.08, SD=4.01): M=0.89 (95% ClI 052 to
1.25), 1(2219)=4.70, p<0.001. Cohen's d effect size value (d=0.21) suggested a small

practical significance.

A x? test for association was conducted between baseline sociodemographic and clinical
characteristics and the two smoking categories: smokers and quitters participating in CR.
All expected cell frequencies were greater than five (Table 5.8).

Table 5.8 Crosstabulation of baseline characteristics of smokers and quitters who
participated in cardiac rehabilitation.

Characteristics Original data (%) E_ffect
Smokers | Quitters size

Gender Male 73.6 75.8 -0.02
Female 26.4 24.2

Ethnic group White 77.3 77.1 0.00
other 22.7 22.9

Marital status Partnered 62.1* 73.7* 0.12
Single 37.9* 26.3*

Work status Employed 33.6* 44.8* 0.11
Unemployed | 33.6* 27.1*
Retired 32.8* 28.1*

Cardiovascular risk Low 39.5* 49.3* 0.10
Moderate 38.9* 34.6*
High 21.6* 16.2*

BP >140/80 mmHg Yes 27.1 27.6 0.01
No 72.9 72.4

Exz_ar_cise: 150 minutes/week of moderate | Yes 30 29.8 0.00

activity NG 20 20.2

Exercise: 75 minutes/week of vigorous activity | Yes 7.5 6.4 0.00
No 92.5 93.6

BP, blood pressure.

*p<0.05 (bold text).
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A x? test for association was conducted between the smokers and quitters and marital
status: partnered (n=1,594) and single (n=801). There was a statistically significant
association between smoking group and marital status, x?(1)=34.55, p<0.001; small

association phi=0.12).

A x?test for association was conducted between the smokers and quitters and work
status: employed (n=973), unemployed (n=802) and retired (n=799). There was a
statistically significant association between smoking and work status: x?(2)=32.31,

p<0.001; small association Cramér’s V=0.11.

A test x2test for association was conducted between the smokers and quitters and
cardiovascular risk assessment: low (n=655), middle (n=569), and high (n=299). There
was a statistically significant association between smoking group and cardiovascular risk

assessment, x?(2)=14.63, p<0.01; small association Cramér’s V=0.10).

5.4.4. Binomial logistic regression

The following characteristics were considered in the final model to identify CR attenders

who quitted smoking:

° Age

J Marital status

. Employment status

o Cardiovascular risk

o Comorbidities

. Weight

. Hospital anxiety and depression scale (HADS)

o Anxiety score

o Depression score
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A binomial logistic regression was performed to ascertain the effects of the baseline
characteristics on the likelihood that CR attenders quit smoking (original data results
presented in Table 5.9; expectation maximisation data results presented in Table 5.10).
Only original data regression results from original data were fully reported, as expectation
maximisation gave similar results. Linearity of the continuous variables with respect to
the logit of the dependent variable was assessed via the Box Tidwell procedure (Box and
Tidwell, 1962). A Bonferroni correction was applied using all 14 terms in the model,
resulting in statistical significance when p<0.00357 (Tabachnick and Fidell, 2014). Based
on this assessment, all continuous independent variables were found to be linearly
related to the logit of the dependent variable. No studentised residual was found using

case diagnostics.
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Table 5.9 Binomial logistic regression predicting likelihood of quitting smoking among patients who attended cardiac rehabilitation (original
data).

B SE Wald df p OR 95% CI for OR
Lower Upper

Age -0.01 0.01 1.50 1.00 0.22 0.99 0.97 1.01
Marital status (single) -0.52 0.16 10.03 1.00 0.00* 0.60 0.43 0.82
Employment status (Retired as reference) 0.10 2.48 2.00 0.29 1.10

Employment status (employed) 0.10 0.22 0.21 1.00 0.65 1.11 0.72 1.71
Employment status (unemployed) -0.20 0.24 0.69 1.00 0.41 0.82 0.52 1.30
Cardiovascular risk (high as reference) -0.68 8.62 2.00 0.01* 0.51

Cardiovascular risk (low) 0.54 0.22 6.10 1.00 0.01* 1.71 1.12 2.62
Cardiovascular risk (moderate) 0.14 0.22 0.41 1.00 0.52 1.15 0.75 1.78
Comorbidities -0.13 0.05 7.48 1.00 0.01* | 0.88 0.80 0.96
Weight 0.01 0.00 211 1.00 0.15 1.01 1.00 1.01
HADS anxiety score 0.03 0.02 1.57 1.00 0.21 1.03 0.98 1.08
HADS depression score -0.06 0.03 4.16 1.00 0.04* 0.95 0.90 1.00
Constant -0.11 0.86 0.02 1.00 0.90 0.90

B=unstandardised regression coefficient; Cl=Confidence Interval for odds ratio; df, degrees of freedom; HADS, hospital anxiety and depression scale; OR, odds ratio.
S.E.; standard error of the coefficient. *p<0.05 (bold text).
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Table 5.10 Binomial logistic regression predicting likelihood of quitting smoking among patients who attended cardiac rehabilitation
(expectation maximisation data).

B SE Wald df p OR 95% CI for OR
Lower Upper

Age -0.01 0.01 0.92 1.00 0.34 0.99 0.97 1.01
Marital status (single) -0.52 0.15 12.53 1.00 0.00* 0.59 0.45 0.79
Employment status (retired as reference) -0.04 1.59 2.00 0.45 0.96

Employment status (employed) 0.13 0.20 0.37 1.00 0.54 1.13 0.76 1.69
Employment status (unemployed) —-0.09 0.22 0.16 1.00 0.69 0.92 0.60 1.40
Cardiovascular risk (high as reference) —-0.88 10.80 2.00 0.00* 0.41

Cardiovascular risk (low) 0.61 0.20 9.39 1.00 0.00* 1.83 1.24 2.70
Cardiovascular risk (moderate) 0.27 0.20 1.81 1.00 0.18 1.31 0.89 1.93
Comorbidities -0.16 0.04 12.83 1.00 0.00* | 0.86 0.79 0.93
Weight 0.01 0.00 3.36 1.00 0.07 1.01 1.00 1.02
HADS anxiety score 0.02 0.02 1.01 1.00 0.31 1.02 0.98 1.07
HADS depression score -0.05 0.03 3.92 1.00 0.05* 0.95 0.90 1.00
Constant -0.38 0.79 0.23 1.00 0.63 0.69

B=unstandardised regression coefficient; Cl=Confidence Interval for odds ratio; df, degrees of freedom; HADS, hospital anxiety and depression scale; OR, odds ratio.
S.E.; standard error of the coefficient. *p<0.05 (bold text).
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The original data logistic regression model was statistically significant
(x?(10)=59.32, p<0.0001), explained 9.3% (Nagelkerke R?) of variance in smoking
status, and correctly classified 64.7% of cases. Sensitivity was 25.5%, specificity 87.6%,
positive predictive value 54.5%, and negative predictive value 66.9%. To assess the
model for influential cases, Cook’s distance test and leverage values were computed but
neither test produced unusually high values (p<1.00 for all). The Hosmer—Lemeshow
test in the final model was not statistically significant (p=1.00), indicating that the model

is not a poor fit.

Only four predictor variables were statistically significant: marital status, cardiovascular
risk, comorbidities and HADS depression score (Table 5.9). The probability of quitting
smoking was 40% lower (odds ratio (OR) 0.60 (95% CI 0.43 to 0.82)) for single than
partnered patients and 71% higher (OR 1.71 (95% CI 1.12 to 2.62)) for low- than high-
risk patients. The probability of quitting smoking decreased by 12% (OR 0.88 (95% ClI
0.80 to 0.96)) per additional comorbidity and by 5% (OR 0.95, 95% CI 0.90 to 0.99) per
1-point increase in HADS depression score. Patients with partners had 0.60 times lower
odds (95% CI 0.43 to 0.82) of quitting smoking than single patients, and low-risk patients
had 1.71 times higher odds (95% CI 1.12 to 2.62) of quitting smoking than high-risk
patients. Increasing number of comorbidities and HADS depression score were

associated with decreasing likelihood of quitting.

A binomial logistic regression linear regression was performed to ascertain the effects of
the baseline characteristics on the likelihood that CR attenders quit smoking, using the
cluster analysis to account for the nested nature of the of the primary dataset. The results
seemed to give similar results to the original analysis. Please see Appendix 18 and

Appendix 19 for the original data and expectation maximisation data results.
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5.4.5. Smokers versus quitters (outcomes)

The CR outcome results between smokers and quitters using original data and
expectation maximisation data are summarised in Table 5.11. Use of expectation

maximisation to handle missing data seemed to give similar results to the original

analysis.
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Table 5.11 Baseline and outcome values for CR patients included in the analysis

Original data Expectation maximisation data

Smokers Quitters Smokers Quitters

Pre-CR | Post-CR | n Pre-CR | Post-CR | n Pre- Post- n Pre- Post- n

CR CR CR CR

Weight 81.64 81.68 1,499 | 83.83 84.28 881 | 81.66 81.75 2,052 83.35 83.75 1,238
BMI 27.99 28.28 1,442 | 28.01 28.47 833 | 27.97 28.01 2,052 28.17 28.33 1,238
Waist 98.47 98.09 657 97.39 97.11 272 | 98.47 98.03 2,052 98.93 98.58 1,238
Alcohol consumption 17.78 13.80 486 15.66 11.28 298 | 17.12 12.85 2,052 16.73 12.26 1,238
HADS anxiety score 7.89 7.39 1,046 | 6.92 5.79 546 | 7.77 6.73 2,052 7.44 6.11 1,238
HADS depression score 6.53 5.68 1,032 | 5.44 4.24 530 | 6.33 5.22 2,052 5.84 4.56 1,238

BMI, body mass index; CR, cardiac rehabilitation; HADS, hospital anxiety and depression scale; n=number of patients.
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After controlling for baseline, predictions were made to determine outcome change for
those patients who quit smoking while attending CR. Only CR patients with both pre- and
post-CR values were included in the analysis after excluding pre- and post-values with

percentage change more than 3 + MAD.

Outcomes for each level of smoking were normally distributed, as assessed by normal

gquantile-quantile plots.

A multiple regression model was constructed to understand the effect of quitting smoking
on CR outcomes with adjustments for the outcome CR score by the baseline CR score
for each characteristic. Moreover, post-CR outcomes (with respect to baseline) were
introduced into multiple linear regression models (as continuous dependent variables)

and tested against smoking status (score 0 for smokers; score 1 for quitters).

For all multiple regression models conducted:

e There was linearity as assessed by partial regression plots and a plot of
standardised residuals against the predicted values.

e There was homoscedasticity, as assessed by visual inspection of a plot of
standardised residuals versus standardised predicted values.

e There was no evidence of multicollinearity, as assessed by tolerance values >0.1.

e There were no leverage values >0.2 or values for Cook's distance above 1.

e The assumption of normality was met, as assessed by a Q—Q plot.

e Table 5.12 and Table 5.13 give regression coefficients and standard errors.

Only original data regression results from original data were fully reported as expectation

maximisation give similar results to the original data results.
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Table 5.12 Summary of multiple regression analysis (original data)

Variable (N) Unstandardised Standardised 95% ClI Effect size
coefficients coefficients
B S.E. Beta Sig. Lower Upper

Weight (n=2,380) Constant 0.75 0.24 0.00 0.28 1.23 0.01
Baseline weight 0.99 0.00 0.99 0.00 | 0.99 1.00
Smoking 0.43 0.11 0.01 0.00* | 0.22 0.63

BMI (n=2,275) Constant 0.41 0.10 0.00 | 0.22 0.61 0.01
Baseline BMI 0.99 0.00 0.99 0.00 | 0.98 0.99
Smoking 0.18 0.04 0.02 0.00* | 0.10 0.25

Waist (n=929) Constant 452 0.75 0.00 | 3.05 5.99 0.00
Baseline waist 0.95 0.01 0.97 0.00 | 0.94 0.97
Smoking 0.05 0.23 0.00 0.83 | -0.40 0.49

Alcohol consumption (784) Constant 3.86 0.54 0.00 | 2.80 491 0.01
Baseline alcohol consumption | 0.56 0.02 0.73 0.00 | 0.52 0.60
Smoking -1.34 0.68 -0.05 0.05* | -2.68 0.00

HADS anxiety score (1592) Constant 0.86 0.16 0.00 | 0.56 1.17 0.02
Baseline HADS anxiety score 0.77 0.02 0.76 0.00 | 0.74 0.80
smoking -0.75 0.15 -0.08 0.00* | -1.04 -0.45

HADS depression score (1562) | Constant 0.64 0.14 0.00 | 0.37 0.91 0.01
Baseline HADS depression | 0.74 0.02 0.74 0.00 | 0.70 0.77
score
smoking -0.58 0.14 -0.07 0.00* | -0.86 -0.30

B=unstandardised regression coefficient; Beta=standardized coefficient; BMI, body mass index; Cl=Confidence Interval for unstandardised regression coefficient; CR,
cardiac rehabilitation; HADS, hospital anxiety and depression scale; n=Number of patients; S.E.=standard error of the coefficient. *p<0.05 (bold text).
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Table 5.13 Summary of multiple regression analysis (expectation maximisation data)

Variable Unstandardised Standardised 95% ClI Effect size
coefficients coefficients
B SE Beta Sig. Lower Upper
Weight (n=3,290) Constant 0.81 0.20 0.00 | 0.41 1.21 0.01
Baseline weight 0.99 0.00 0.99 0.00 | 0.99 1.00
Smoking 0.31 0.08 0.01 0.00* | 0.16 0.46
BMI (n=3,290) Constant 0.45 0.08 0.00 | 0.28 0.61 0.01
Baseline BMI 0.99 0.00 0.99 0.00 | 0.98 0.99
Smoking 0.13 0.03 0.01 0.00* | 0.07 0.18
Waist (n=3,290) Constant 2.85 0.29 0.00 | 2.28 3.42 0.00
Baseline waist 0.97 0.00 0.99 0.00 | 0.96 0.97
Smoking 0.11 0.07 0.00 0.11 | -0.03 0.24
Alcohol consumption (n=3,290) Constant 3.18 0.20 0.00 | 2.79 3.56 0.00
Baseline alcohol consumption 0.57 0.01 0.72 0.00 | 0.55 0.58
Smoking -0.38 0.17 -0.03 0.03* | -0.72 -0.03
HADS anxiety score (n=3,290) Constant 0.60 0.10 0.00 | 041 0.79 0.01
Baseline HADS anxiety score 0.79 0.01 0.78 0.00 | 0.77 0.81
Smoking —-0.36 0.07 -0.05 0.00* | -0.50 -0.21
HADS depression score | Constant 0.40 0.08 0.00 | 0.23 0.56 0.01
(n=3,290) Baseline HADS depression score | 0.76 0.01 0.76 0.00 | 0.74 0.78
Smoking -0.29 0.07 -0.05 0.00* | -0.42 -0.16

B=unstandardizsd regression coefficient; Beta=standardized coefficient; BMI, body mass index; Cl=Confidence Interval for unstandardised regression coefficient; CR,
cardiac rehabilitation; HADS, hospital anxiety and depression scale; n=Number of patients; S.E.=standard error of the coefficient. *p<0.05 (bold text).
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5.45.1. Weight

A multiple regression analysis was run to predict outcome weight from baseline weight
and smoking status. There was independence of residuals, as assessed by a Durbin—
Watson statistic of 1.88. R? for the overall model was 98.1%, with adjusted R? of 98.1%,
which is a large size effect (Cohen, 1988). The multiple regression model statistically

significantly predicted post-CR weight: F(2, 2377)=60,443.13, p<0.001, partial n>=0.01.

Smoking status is a significant predictor of post-CR weight (p<0.001). Adjusting for pre-
CR weight, quitters on average gained 0.43 kg more than those who continued to smoke.
The coefficient for smoking status was 0.43 (95% CI 0.22 to 0.63), which represents the

difference in the post-CR weight of quitters compared to smokers.

5.45.2. BMI

A multiple regression analysis was run to predict outcome BMI from baseline BMI and
smoking status. There was independence of residuals, as assessed by a Durbin—-Watson
statistic of 1.94. R? for the overall model was 97.2%, with an adjusted R? of 97.2% —
again, a large size effect (Cohen, 1988). The multiple regression model statistically

significantly predicted post-CR BMI: F(2, 2272)=40,101.17, p<0.001, partial n>=0.01.

Smoking status is a significant predictor of post-CR BMI (p<0.001). Adjusting for pre-CR
BMI, BMI of quitters was, on average, 0.18 kg/m? higher than for those who continued to
smoke. The coefficient for smoking status was 0.18 (95% CI 0.22 to 0.63), which

represents the difference in the post-CR BMI of quitters compared to smokers.

5.45.3. Waist

A multiple regression analysis was run to predict outcome waist from baseline waist and
smoking status. There was independence of residuals, as assessed by a Durbin—Watson

statistic of 1.91. R? for the overall model was 94.5%, with an adjusted R? of 94.5% — once



again, a large size effect (Cohen, 1988). The multiple regression model statistically

significantly predicted post-CR waist: F (2, 926)=7,984.78, p<0.001, partial n?=0.00.

Smoking status is not a significant predictor of post-CR waist (p=0.83). Adjusting for pre-
CR waist, quitters were, on average, 0.05 cm wider in the waist than those who continued
to smoke. The coefficient for smoking status was 0.05 (95% CI —0.40 to 0.49) represents

the difference in the post-CR waist of quitters compared to smokers.

5.4.5.4. Alcohol consumption

A multiple regression analysis was run to predict outcome alcohol consumption from
baseline alcohol consumption and smoking status. There was independence of
residuals, as assessed by a Durbin—-Watson statistic of 1.89. R? for the overall model
was 53.2%, with an adjusted R? of 53.1% — a large size effect (Cohen, 1988). The
multiple regression model statistically significantly predicted post-CR alcohol

consumption: F (2, 781)=443.56, p<0.001, partial n?=0.01.

Smoking status was a significant predictor of post-CR alcohol consumption (p=0.049).
Adjusting for pre-CR alcohol consumption, quitters drank, on average, 1.34 fewer units
than those who continue to smoke. The coefficient for smoking status is —1.34 (95% ClI
—2.678 to —0.004) represents the difference in the post-CR alcohol consumption of

quitters compared to smokers.

5.4.5.5. Hospital Anxiety and Depression Scale (HADS) anxiety score

A multiple regression analysis was run to predict outcome HADS anxiety score from
baseline HADS anxiety score and smoking status. There was independence of residuals,
as assessed by a Durbin—Watson statistic of 1.81. R? for the overall model was 58.7%,

with an adjusted R? of 58.7% — a large size effect (Cohen, 1988). The multiple regression
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model statistically significantly predicted post-CR HADS anxiety score: F(2,

1589)=1,131.09, p<0.001, partial n?=0.02.

Smoking status was a significant predictor of post-CR HADS anxiety score (p<0.001).
Adjusting for pre-CR HADS anxiety score, quitters had, on average, an anxiety score —
0.75 less than those who continue to smoke. The coefficient for smoking status was —
0.75 (95% CI —1.04 to —0.46), which represents the difference in the post-CR HADS

anxiety score of quitters compared to smokers.

5.4.5.6. HADS depression score

A multiple regression analysis was run to predict outcome HADS depression score from
baseline HADS depression score and smoking status. There was independence of
residuals, as assessed by a Durbin—-Watson statistic of 1.68. R? for the overall model
was 55.9%, with an adjusted R? of 55.8% — a large size effect (Cohen, 1988). The
multiple regression model statistically significantly predicted post-CR HADS depression

score, F(2, 1559)=987.03, p<0.001, partial n?>=0.01.

Smoking status was a significant predictor of post-CR HADS depression score
(p<0.001). Adjusting for pre-CR HADS depression score, quitters had, on average, a
score 0.58 lower than those who continue to smoke. The coefficient for smoking status
was —0.58 (95% CI —0.86 to —0.30), which represents the difference in the post-CR

HADS depression score of quitters compared to smokers.
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5.4.5.7. Physical activity

A x? test was conducted for the association between smokers and quitters and self-
reported moderate physical activity (150 minutes/week) outcomes: improved (n=679),
no change (n=1,126) and worsened (n=93). There was a statistically significant
association between smoking group and moderate physical activity outcomes:

¥?(2)=23.50, p<0.001; small association Cramér’'s V=0.11 (Table 5.14).

A 2 test was conducted for the association between smokers and quitters and self-
reported vigorous physical activity (75 minutes/week) outcomes: improved (n=338), no
change (n=1,217) and worsened (n=47). There was a statistically significant association
between smoking status and vigorous physical activity outcomes: x%(2)=17.88, p<0.001;

small association Cramér’'s V=0.11) (Table 5.14).

Table 5.14 Summary of multiple regression analysis (expectation maximisation data)

Physical activity outcomes | Smokers (%) Quitters (%)

Improve | No change | Worsen | Improve | No change | Worsen

A 150 mins/week (moderate) | 31.9 62.8 5.4 43 52.9 4.1

A 75 mins/week (vigorous) 18.0 79.3 2.6 26.6 70.0 3.5

A, change; %, percentage

The smoking data was more completed in high quality programmes (92.3%) compared
to middle (76.9%) and low (58.1) categories, which may introduce biases; we cannot
carried out any further analyses between quality categorises in terms of outcomes
although I have clustered the outcome by quality categorisation (Appendix 17). Multiple
linear regression was performed to understand the effect of continuing smoking or
quitting smoking on CR outcomes, using the cluster analysis to account for the nested

nature of the of the primary dataset. The results seemed to give similar results to the
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original analysis. Please see Appendix 20 for the CR outcomes between smokers and

quitters by centre clustration.

5.4.6. e-Survey

The results reported in this section answer aim 3 of this study — to investigate and
evaluate the smoking cessation support offered for patients attending CR programmes

using an e-survey.

Overall, 175 CR programmes participated — a response rate of 78% (175/224 CR
programmes registered in the NACR). The following results present an overview of the

survey results (Figure 5.2).

Most CR programmes in the UK offered smoking cessation support for CR attenders:
162 (92.6%) programmes while 13 (7.4%) CR programmes did not provide for patients

with support to stop smoking.

About half of CR programmes (87 (49.7%) programmes) offered both internal and
external smoking cessation support for CR attenders. Six CR programmes only offered
internal support by delivering the smoking cessation support services at the CR

programme site, while 69 (39.4%) CR programmes only offered external referral.

Notably, 72/93 (77.4%) CR programmes that delivered smoking cessation support at the
CR programme site (internal delivery: 6 only internal + 87 both=93 internal) offer one-to-
one sessions. On the other hand, 41 (44.1%) CR programmes offered group education

support as internal support.

84 (90.3%) CR programmes that offered smoking cessation support internally delivered
it through the CR team. On the other hand, 30 (32.3%) CR programmes delivered
smoking cessation support through other qualified member of staff.
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60/156 (38.5%) CR programmes that offered external referral smoking cessation support
(external delivery: 69 only external + 87 both=156 external), offered referral to doctor or
general practitioner. While 133/156 (85.3%) of CR programmes offered referral to

community-based cessation programme as an external support.

For 73/162 (45.1%) CR programmes that offered smoking cessation support, patient
preference was the factor that most decided whether a patient attended the internal CR
programme’s smoking cessation service or was referred to external support (Table 5.15).
However, eight (4.9%) CR programmes suggested availability as a factor that decided
whether a patient would receive internal or external support, one (0.6%) suggested
funding constraints, and 36 (22.2%) CR programme suggested specific patient needs

(eg. hardened smoker).

Funding was the most common factor for not providing support for smoking cessation for
CR attenders, as it was given as the reason by 12/13 (92.3%) CR programmes that did
not provide support for patients to stop smoking. The other factor suggested by only one

CR programme was lack of appropriate staff.
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programmes
|
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162/175 Yes 13/175 No
|
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6 69 87 | 12
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— > 26 — 67 — PrO\E)ided
One to One Doctor/GP One to One Bl
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| 1 | 29
Other staff Other staff
| 34
Doctor/GP
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Community

Figure 5.2 Number of cardiac rehabilitation programmes provide stopping smoking support. CR: cardiac rehabilitation; Internal: delivering the
smoking cessation support services at the CR programme site; External: external referral.



Table 5.15 What might decide whether a patient would attend the CR Programme or be
referred out?

Reason n=162 Percentage (%)
Availability 8 4.9

Patient preference 73 45.1

Funding constraints 1 0.6

Specific patient needs 36 22.2

n=Number of programmes; %, percentage of programmes.

5.5. Discussion

The sections below discuss the findings for each of the three aims of this chapter. The
conclusions, strengths and limitations of this set of analyses are then described. The
implications for clinical practice and research of the findings from these analyses are

discussed in Chapter 6 — Synthesis.

5.5.1. Predictors of quitting smoking (Aim 1)

This retrospective secondary analysis of data from the NACR found that age,
comorbidities, cardiovascular risk, marital status, work status, weight, and HADS anxiety
and depression scores differed statistically significantly between continued smokers and
quitters. Compared with continued smokers, quitters were younger and weighed more,
had fewer comorbidities and lower cardiovascular risk, were less anxious and
depressed, and were more likely to have a partner and be employed. No meaningful

differences in gender, social deprivation, or physical activity were observed.
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Identification of quitting smoking predictors among CR attenders is highly necessary, as
this could help provide smokers with interventions that are more likely to help them quit.
Programmes designed to encourage smokers to stop may need to account for factors
related to partner support as part of an existing prevention programmes to encourage
smokers to quit. Tailored intervention thus is needed to help smokers quit, as these
research findings highlight that CR programmes need to prioritise patients with multiple

comorbidities, high cardiovascular risk, more severe depression, and no partner.

5.5.1.1. Gender and age

There is no gender difference in the likelihood of quitting smoking according to the results
of this research. Previous research has found that demographic characteristics are
associated with quitting smoking; however, few such differences were identified by this
research. For example, quitting smoking had no relationship with gender and being
female was not predictive of quitting smoking. This is similar to the findings of numerous
studies (Jampaklay et al., 2015; Lee and Kahende, 2007; Hyland et al., 2006; Westmaas
and Langsam, 2005; McMahon and Jason, 2000; Rose et al., 1996; Centers for Disease
Control and Prevention, 1993), while some studies have reported male gender as a
strong predictor of quitting smoking (Li et al., 2010; Osler and Prescott, 1998; Hymowitz
et al.,, 1997), and other studies have also identified female gender as a significant
predictor of quitting smoking (Kim, 2014; Tillgren et al., 1996; Waldron, 1991).
Interestingly, the number of quitters in this study was higher than those presented in

other studies and used data from routine practice, which reflects the real-world situation.

In a large, cohort, population-based study, Hymowitz et al. interviewed smokers aged
25-64 years from 20 American and two Canadian communities in 1988 and again in
1993 as part of the National Cancer Institute's Community Intervention Trial for Smoking

Cessation and found that male gender was a statistically significant predictor of smoking
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cessation, with lower cessation rates among women (Hymowitz et al., 1997). The
research reported in this thesis included 610 (25.3%) men and 284 (34.3%) women aged
>65 years, which more reflects the real-life population for people with CVD, as Hymowitz
et al. did not interview people aged >65 years. The results reported by Hymowitz et al.
are also consistent with those reported by Li et al. in a longitudinal study that followed
Southeast Asian adult smokers for one year (868 patients in Thailand; 1,558 in Malaysia)
and by Osler and Prescott in a Copenhagen longitudinal study of Danish adults aged
30-60 years in 1982/1984 (Li et al., 2010; Osler and Prescott, 1998). However, in Li et
al.’s longitudinal study, which surveyed and followed up adult smokers for one year in
Asia (868 patients in Thailand and 1,558 in Malaysia) to examine prospective predictors
of smoking cessation in 2005, only 3.7% of smokers were female (Li et al.,, 2010)

compared wikth 25.1% of the patients in the research reported here.

In addition, the finding that being older was not an important determinant of quitting
smoking aligns with the results reported by Hyland et al. (Hyland et al., 2006) but is not
consistent with results of previous studies (Jampaklay et al., 2015; Li et al., 2010; Tucker
et al., 2005; Osler and Prescott, 1998; Hymowitz et al., 1997). The observational
research reported here also shows that quitters were younger than smokers, indicating
that older age is not a motivation to quit, but other studies have suggested that older age
is another strong predictor of successful cessation (Kim and Cho, 2014; Lee and
Kahende, 2007; Hyland et al., 2004; Osler and Prescott, 1998; Hymowitz et al., 1997;

Hatziandreu et al., 1990; McWhorter, Boyd and Mattson, 1990).

A prospective cohort study to test for predictors of smoking cessation among smokers in
four developed countries (Australia, Canada, UK and US) using a survey of the
International Tobacco Control Policy Evaluation Project found that demographic

characteristics such as age and gender were not associated with quitting smoking
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(Hyland et al., 2006), which aligns with the results reported here. It should be noted that
the number of quitters in the research reported here was higher than that presented in

some other studies.

On the other hand, a longitudinal study of 2,000 Thai adult smokers from the International
Tobacco Control Southeast Asia survey with over four years of follow-up found that age
was a strong independent predictor of quitting smoking, as older age was associated
with increased success of quitting smoking (Jampaklay et al., 2015). Only 176 (11.8%)
of the Thai survey sample (n=1,489) were aged >65 years, whereas 908 (27.60%) of the
3,290 patients included in the analysis reported here were aged >65 years old, which is

more reflective of the real-life population.

The results reported by Jampaklay et al. are also consistent with those of Li et al. and
Osler and Prescott in Asia and Western Europe, respectively (Jampaklay et al., 2015; Li
et al., 2010; Osler and Prescott, 1998). Jampaklay et al. suggested that this may be
because older people are more likely to experience health problems and thus are more
motivated to quit. The percentage of smokers aged >55 years in the study reported by
Li et al. was 23.9% in Malaysia and 31.1% in Thailand (Li et al., 2010) compared with
63.53% in the study reported here. Osler and Prescott found that quitting smoking was
associated with older age (Osler and Prescott, 1998); however, this study did not include
individuals aged >60 years, while the research reported here included 1,336 (40.61%)

patients aged >60 years.

Lee and Kahende used a large population-based sample from the 2000 National Health
Interview Survey of adults in the US to identify predictors of quitting smoking and found

that quitters were more likely to be older (Lee and Kahende, 2007). However, the
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percentage of smokers and quitters aged >65 years were 5.6% and 11.6%, respectively,

while the research reported here included 28.5% and 26.1%, respectively.

5.5.1.2. Marital status

The probability of quitting smoking in the research reported here was 40% lower for
single patients compared with patients with partners. Marital status was identified as a
major predictor of stopping smoking. This is similar to the findings of the British
Household Panel Survey from 1991 to 2000, in which marital status was an important
sociodemographic predictor of quitting smoking (Chandola, Head and Bartley, 2004); the
findings of Kim, who reported that being married was a significant predictor of successful
smoking cessation in patients in the fourth Korea National Health and Nutrition
Examination Survey (Kim, 2014); the findings of West et al. who reported that smokers
whose partners objected to smoking were more likely to quit (West et al., 2001); and the
findings of Gourlay et al., who reported that marital status was the strongest predictor of
quitting smoking (Gourlay et al., 1994). Other studies have also identified being married
as a significant predictor of quitting smoking (Broms et al., 2004; Chandola, Head and
Bartley, 2004; Tillgren et al., 1996; Derby et al., 1994). Moreover, these findings are
consistent with the results of the large population-based sample from the 2000 National
Health Interview Survey of adults in the US, which showed quitters were more likely to
be married or living with a partner (Lee and Kahende, 2007). The US Public Health
Service clinical practice guideline also states that social support during smoking
cessation increases the likelihood of quitting smoking and recommends that smokers
are counselled to ask for social support from their spouse or partner, friends, and co-
workers (Fiore et al., 2009). Stopping smoking thus seems to be influenced strongly by
the social environment, and CR programmes that promote smoking cessation might

benefit from involving partner/spouse to encourage quitting smoking.
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5.5.1.3. Comorbidities and cardiovascular risk

The probability of quitting smoking decreases by 12% (OR 0.88 (95% CI 0.80 to 0.96))
per additional comorbidity and is 71% higher (OR 1.71 (95% CI 1.12 to 2.62)) for low-
risk patients compared with high-risk patients. Numerous studies have addressed the
impact of individual sociodemographic characteristics or clinical measure characteristics
on quitting smoking. The limitation of these studies is that they have not taken a holistic
approach where smokers’ sociodemographic, clinical measures, cardiovascular risk and
comorbidity profile are examined together. Although the Danish study found that self-
rated health status was not associated with quitting smoking, it suggested that patients
with high cardiovascular risk and multiple comorbidities are less likely to quit smoking

(Osler and Prescott, 1998), which is similar to the findings of the research reported here.

5.5.1.4. Depression

The probability of quitting smoking decreases by 5% (OR 0.95, 95% CI 0.90 to 0.99) per
additional point increase in the HADS depression score. This is in line with the finding of
a meta-analysis of 42 trials by Hitsman et al. in which major depression has a modest
adverse effect on quitting smoking (Hitsman et al., 2013) and also agrees with a review
that concluded that depression greatly decreases the likelihood of quitting smoking
(Glassman, 1993) and the results of the National Health and Nutrition Examination
Survey (NHANES) and follow-up NHANES Epidemiologic study, which suggested that
smokers with higher severity of depression are less likely to quit than smokers with less

severe depression (Anda et al., 1990).
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5.5.2.  Quitting smoking and cardiac rehabilitation (Aim 2)

The research findings based on routine clinical data show that, after CR, quitters, on
average, gain 0.43 kg (0.31 kg using expectation maximisation data) more than those
who continue to smoke (p<0.001) and have a BMI 0.18 kg/m? (0.13 kg/m? using
expectation maximisation data) more than those who continue to smoke (p<0.001).
Although differences in weight and BMI scores after CR were statistically significantly
different for quitters and continued smokers, the mean differences of 0.43 kg and 0.18
kg/m? were of little clinical importance, as a statistically significant result is not
necessarily clinically important. However, the data are sufficient to make a strong clinical

recommendation regarding the impact of CR to prevent weight gain after cessation.

Evidence suggests that quitting smoking is associated with a mean increase in body
weight of 3-5 kg, with most weight gain occurring within 3 months of quitting (Tian et al.,
2015; Aubin et al., 2012); however, the research findings reported here show that
smokers who quit smoking while attending CR do not gain weight, which aligns with the
findings of Farley et al. that exercise could reduce post-cessation weight gain (Farley et
al., 2012). With regard to smoking and weight interactions, the extent of weight gain
associated with smoking cessation in patients attending CR is much less than previous
studies suggest. These research findings provide evidence that CR is positively

associated with weight management during smoking cessation.

Statistical significance only indicates whether the result is not likely due to sampling error,
which, although important in its own right, does not indicate the ‘strength’ of the
differences. This is where confidence intervals can help, as they not only provide most
of the information about the statistical test but also information on the magnitude of the
difference. The confidence interval for mean difference in weight between continued

smokers and quitters after CR was 0.22 to 0.63 kg (0.16 to 0.46 kg using expectation
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maximisation data) and for mean difference in BMI is 0.1 to 0.25 kg/m? (0.07 to 0.18
kg/m? using expectation maximisation data). Because of the well-documented health
benefits of quitting smoking, clinicians should inform smokers about the likelihood of

weight gain and encourage them to attend CR to avoid excess weight gain.

There is no evidence for the clinical effectiveness of smoking cessation interventions
within CR, but the research findings suggest CR as delivered in routine practice is
associated with helping patients quit smoking and avoid weight gain. The NACR data
regarding smoking status suggest that about 37.6% of patients who are smoking when
recruited to CR successfully stop after CR. Quitting smoking is considered a tremendous
element in both primary and secondary prevention of cardiovascular disease (Mons et

al., 2015).

Following CR, quitters on average drink 1.34 units of alcohol consumption fewer than
those who continue to smoke. Following CR, 43% and 26.6% of quitters improved to
achieve the recommended UK moderate and vigorous physical activity guidelines,
respectively, compared with 31.9% and 18% of continued smokers. An even stronger
benefit was seen in both HADS anxiety and depression scores, which showed that

quitters on average score 0.75 and 0.58 less than those who continue to smoke.

Comprehensive CR programmes seem to have a beneficial role in helping patients after
a cardiac event or procedure, with significant improvements in smoking behaviour,
weight management, physical activity levels, psychosocial health, and alcohol
consumption. When a comprehensive CR includes exercise with smoking cessation and
patient education, this research initiate evidence for improvements in cardiac risk factors,
particularly increased smoking cessation and improvements in physical and

psychosocial health.
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5.5.3. e-Survey (Aim 3)

This is the first survey to enquire about the smoking cessation support offered to CR
attenders in the UK. This survey explored current smoking cessation support services
offered in routine practice to CR attenders to give context to findings around the
association between CR and outcomes of quitting smoking and to assess the potential

of CR in helping patients quit smoking.

The survey had a high response rate of 78%. Although one study has shown low levels
of cessation support following hospital discharge (Boggon et al., 2014), the e-survey
showed that 92.6% of CR programmes in the UK offer smoking cessation support for
patients attending CR. These results show that CR programmes in the UK adhere to
guideline recommendations for smoking cessation interventions (NICE, 2018; BACPR,
2017; SIGN, 2017; NICE, 2013c). In addition, the research results suggest that CR
programmes in the UK offer assistance for patients who smoke by delivering smoking
cessation support at the CR programme site in the form of individualised one-to-one
sessions or group educational sessions, as well as referral for external smoking
cessation support. The internal support is provided by the CR team or another qualified
member of staff. One-to-one sessions are the dominant service offered at the site of CR
programmes, while external provision is predominantly through referral to community-
based cessation programmes. Patient preference is the factor that most decides whether

a patient would attend the CR programme (internal) or be referred out (external).

Provision of smoking cessation support in CR could have multiple benefits: the presence
of such a programme could entice more smokers to attend CR, and the increased
support for cessation they receive could encourage them to remain in the CR programme

generally. Prior studies suggest that CR attendance improves smoking cessation rates,
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and Riley et al. found a strong relationship between smoking cessation and CR

attendance (Riley et al., 2017).

Failure of adherence to guideline recommendations to provide support for smoking
cessation for CR attenders was predominantly due to funding challenges. Cutting funds
to CR services is a false economy, as evidence shows that smoking cessation services
provide effective support for smokers who want to quit (Bauld et al., 2009) and lack of
this provision leads to higher costs for the NHS to manage and treat diseases caused by
smoking in the long term. The National Institute for Health and Care Excellence (NICE)
estimates that for every pound invested in smoking cessation, £2.37 in benefits are
generated (Pokhrel et al., 2016). Moreover, lack of investment in CR programmes may
impact on service provision. In Yorkshire, for example, a qualitative study found staff to
be aware of limited service availability (Lindsay, 2008), which may influence which
patients are invited. Finally, it should not have to be a choice that some smokers who

attending CR are supported to quit and others are not.

5.6. Conclusions

This research aimed to determine sociodemographic and clinical factors associated with
the likelihood of quitting smoking among CR attenders; ascertain whether weight gain is
associated with smoking cessation in patients attending CR and whether CR, as
delivered in routine practice, helps patients stop smoking and avoid weight gain; and

evaluate the smoking cessation support offering for CR attenders.

Patients with high cardiovascular risk, multiple comorbidities, no partner, and more
severe depression were unlikely to quit smoking during CR. This research highlights
routine factors that determine smoking cessation outcomes and that could inform the
delivery of CR to better help patients quit smoking.
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Cardiac rehabilitation is an effective intervention to manage weight gain when quitting
smoking. Quitting smoking during CR is associated with a mean increase of 0.4 kg in
body weight, which is much less than seen in recent systematic reviews. Quitters who
attend CR improved in physical activity status and psychosocial health measures

compared with smokers.

This research is the first to evaluate smoking cessation support in CR services in the UK,
with 92.6% of CR programmes in the UK offer smoking cessation support for CR
attenders. These results demonstrate adherence of CR in the UK to the guideline
recommendations for smoking cessation interventions. Future research linking smoking

cessation to quality is needed.

5.7.  Strengths

The strength of these analyses, like much of the research reported in this thesis, lies in
the use of an observational approach based on routinely collected patient data, a
prospective cohort design, and use of large dataset taken from routine clinical practice
and representing a CR intervention with a median duration of nine weeks. The study
included many of the potentially important factors associated with quitting smoking, and

expectation maximisation analyses was used to adjust for missing values.

5.8. Limitations

Retrospective observational studies have known limitations in terms of data capture and
the quality of the 303 CR programmes in the UK — according to the 2017 NACR report,
only 224 (74%) programmes entered data electronically to the NACR. Although it can be
argued that there are enough data to be representative and carry out a reliable analysis,

future work should aim to achieve greater capture of available data across the UK.

201



Although CR programmes are encouraged to provide complete patient records, a
proportion of patient data were expected to be missing due to non-completion of patient
records. On the basis of the NACR data, 43.5% of all patients who started CR did not
have a post-CR assessment recorded, which might have affected the representativeness

of the research sample.

A limitation of the study is the use of self-reported data to determine smoking status,
which may be subject to recall and social desirability biases. Some relevant factors that
influenced quitting smokinghave been missed from the analysis due to high levels of
missing data: variables with more than 60% missing values were eliminated from the
dataset and some may not have been collected in the NACR. Some characteristics
known to influence quitting smoking in the literature were not collected by the NACR,
such as motivation to stop smoking, number of cigarettes per day, proportion of smokers
in the household, and exposure to warning labels (Shang, Chaloupka and Kostova,
2014; Li et al., 2010; Chandola, Head and Bartley, 2004; Osler and Prescott, 1998).
Although expectation maximisation is a validated robust method of handling missingness
in the data, it remains a computational approximation process of replacing the missing

value with a range of values that the real value could have taken.
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5.9. Summary of findings

e Patients with high cardiovascular risk, multiple comorbidities, no partner, and
more severe depression were unlikely to quit smoking during CR.

e Patients who quit smoking tended to have lower cardiovascular risk, fewer
comorbidities, and lower depression scores when starting CR and were more
likely to be in a relationship.

¢ Quitting smoking during CR is associated with a mean increase of 0.4 kg in body
weight, which is much less than seen in recent systematic reviews.

e Quitters who attend CR improved in physical activity status and psychosocial
health measures compared with smokers.

e As delivered in routine practice, CR is associated with helping patients quit
smoking and avoid weight gain

o 92.6% of CR programmes in the UK offer smoking cessation support for CR

attenders.
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Chapter 6 Conclusion

6.1. Research aims

Huge variability in the quality of service delivery of cardiac rehabilitation (CR) and patient
outcomes in the United Kingdom (UK) has consistently been reported, and the beneficial
effects of CR have been challenged in recent years, so there is a need to investigate
whether current CR programmes, delivered in the context of modern cardiology, still
benefit patients. The research reported in this thesis therefore aimed to overcome the
limited scientific evidence around the quality of service delivery for CR in the UK by
evaluating CR quality and outcomes to ascertain the extent to which programmes meet
recommended standards for the delivery of CR and assess whether variation in quality
of CR delivery is determined by the characteristics of CR attenders. In addition, this
research aimed to determine predictors of quitting smoking and to ascertain whether CR
is associated with helping patients quit smoking and avoid weight gain. The specific aims

of this research were to:

1. assess the extent to which programmes meet national standards for the delivery
of CR

2. assess whether the quality of CR delivery is associated with the participating
patients’ characteristics

3. determine sociodemographic and clinical factors associated with the likelihood of
quitting smoking among CR attenders

4. ascertain whether CR helps patients quit smoking and avoid weight gain

5. evaluate the smoking cessation support offered to CR patients using an e-survey.
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The research aims were achieved with favourable findings, which make several
contributions to the current literature. The major finding for each research aim were

addressed in Chapters 4 and 5, with a brief discussion of these findings below.

The literature review in Chapter 2 stated that several recent studies, meta-analyses
(Sumner, Harrison and Doherty, 2017; Anderson et al., 2016; Rauch et al., 2016; Sagar
et al., 2015) and recommendations of international guidelines (BACPR, 2017; Piepoli et
al., 2016; Smith et al., 2011) suggest a beneficial effect of CR in patients with
cardiovascular disease (CVD), but considerable scientific doubt is still apparent about
the quality and type of CR offered, which varies considerably between and within
countries (NACR, 2017; Zwisler et al., 2012; Bjarnason-Wehrens et al., 2010). This
research is the only UK-specific study that evaluates the quality of CR in routine practice,
clarifies the extent to which it reflects the evidence base, and shows that high-quality CR
is achievable in the modern cardiology era and that many programmes deemed to
provide mid-level quality of CR are close to meeting high-quality standards. However,

substantial unacceptable variation, below the accepted standards, exists.

6.2. Quality of delivery of cardiac rehabilitation in

the UK

Chapter 4 described the statistically significant differences among CR programmes in
terms of meeting the recommended standards for quality delivery of CR in the UK, as
well as significant differences in the patient population among the quality categories for
delivery of CR services. The main finding of the research reported in Chapter 4 was that
30% of the CR programmes in the UK that contributed to the National Audit of Cardiac
Rehabilitation (NACR) met the standards criteria for the delivery of high-quality CR.

Despite the fact that there are no accepted standards for judging the quality of CR
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delivery worldwide, leaving uncertainty about the effectiveness of CR as delivered in
routine clinical practice (Zwisler et al., 2012; Bjarnason-Wehrens et al., 2010), the ability
to differentiate the quality of CR delivery based on the National Certification Programme
for Cardiovascular Rehabilitation (NCP_CR) criteria, which is based on clinical guidance
from the National Institute for Health and Care Excellence (NICE) and national CR
statistics for the UK from NACR reports (NACR, 2015; NICE, 2013c, 2010c) is important.
The findings reported in this thesis strengthen the importance of the quality assessment
by explaining how this impacts through meet service standards for CR delivery (BACPR,

2017; Furze, Doherty and Grant-Pearce, 2016; NACR, 2017).

The British Association for Cardiovascular Prevention and Rehabilitation (BACPR) has
developed standards and core components for delivery of CR within the UK (BACPR,
2017). The NACR is committed to promoting and supporting quality service provision
based on measurable indicators of successful delivery, and its database makes it
possible to compare the quality of CR delivery with recommended standards (NACR,
2017). In this thesis, for the first time, quality of CR at a local programme level is reported,
including variation across CR programmes in the UK. The standards defined by BACPR
are achievable for CR programmes to aim for while still delivering a good quality standard
of CR service and are derived from the national average in the latest published version
of the NACR annual report (BACPR, 2017; Furze, Doherty and Grant-Pearce, 2016;
NACR, 2015). There is no doubt that the results of this research align with findings from
the latest NACR, which reported that CR in routine practice is not delivered equitably
across the UK, is being delivered later than recommended, is not underpinned by pre-
and post-assessment, and is of shorter duration than recommended standards (NACR,
2017; Anderson et al., 2016; NACR, 2016; Piepoli et al., 2016; NACR, 2015; Vanhees

et al., 2012).
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In a two year period since NCP_CR started less than 40 programmes submitted for the
formal BACPR panel review for certification (BACPR/NACR, 2018b). At this rate it would
take 15 years to certify all programmes. In May 2018 the Steering Group of NCP_CR
decided to run certification annually as part of the NACR report (BACPR/NACR, 2018a).
Information on the extent by which programmes achieve or come close to being certified
will be shared with each programme, as part of a quality assurance check, prior to the
publication of the report. This new approach to certification, partly informed by my thesis,
allows providers and commissioners of CR services to obtain an up to date assessment

of the quality of CR delivery.

The findings reported in Chapter 4 add further rigour to the approach of this research, as
they assessed the whether the quality of CR delivery is associated with participating
patients’ characteristics. Mean total comorbidities, higher body mass index (BMI) scores,
proportion of patients with diabetes or asthma were associated with CR programmes
categorised as high quality. Patients who participated in high-quality CR programmes
tended to be those with high-risk status, high BMI score, high waist circumference, high
blood pressure, high Hospital Anxiety and Depression Scale (HADS) anxiety and
depression score, and more comorbidities; smokers; and in more socially deprived
groups than patients in the low-quality programmes. In addition, patients in high-quality
CR programmes include patients with lower fitness levels than low-quality programmes.
Patients with lower fitness levels often have more severe functional impairment and are
most in need of CR, as well as being most likely to benefit (Beswick et al., 2004).
Ensuring equity of access to CR and improving the consistency of delivery should
increase long-term behaviour changes and contribute to a reduction in CVD-related
health inequality (Furze et al., 2016). Evaluation and dissemination of data about the
populations attended CR programmes in the UK may help low-quality programmes to be

more inclusive.
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6.3. Impact of CR on smoking cessation

Chapter 5 reports on the evaluation of whether CR, as delivered in routine practice, is
associated with helping patients quit smoking and avoid weight gain. Using the NACR
data, which reflects the reality of routine clinical practice, the extent of weight gain
associated with smoking cessation in patients attending CR is much less than previous
studies suggest (Tian et al., 2015; Aubin et al., 2012). These new findings provide
evidence that CR is positively associated with weight management during smoking
cessation. One of the challenges for clinicians and researchers is reporting patient
outcomes, as some outcome measures are inter-related, and this is especially so for
weight gain among patients who quit smoking. With such an interaction, it would be
incorrect to consider the success of weight management and smoking cessation
associated with CR programmes at a named local level without taking this relationship

into account.

The impact of CR on weight gain after smoking cessation had not been evaluated prior
to this study. The research findings reported in this thesis suggest that smokers who quit
smoking while attending CR do not gain weight. The data are sufficient to make a strong
clinical recommendation regarding the impact of CR on weight gain after cessation.
Because of the well-documented health benefits of quitting smoking, clinicians should
inform smokers about the likelihood of weight gain and encourage them to attend CR to
avoid excess weight gain. There is no evidence for the clinical effectiveness of smoking
cessation interventions within CR, but the findings of this research suggest that CR, as
delivered in routine practice, is associated with helping patients quit smoking and
avoiding weight gain. The NACR data regarding smoking status suggest that about

37.6% of patients who are smoking when recruited to CR successfully stop after CR.
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Quitting smoking is considered a vital component of both primary and secondary

prevention of CVD (Mons et al., 2015).

The conclusion of this research is based on the results from incomplete records of NACR
data for patients participating in CR; an analysis of all data with missing values handled
through expectation maximisation gave similar results to the original analysis. The
multiple linear regression models discussed in Chapter 5 showed that people who quit
smoking following CR also reduced alcohol consumption and achieved the UK's
recommendations for moderate and vigorous physical activity compared with continued
smokers. An even stronger benefit was seen in terms of psychosocial health measures
(both HADS anxiety and depression scores), as quitters had less severe psychosocial

problems than those who continued to smoke.

What became clear from this research was that comprehensive CR programmes seem
to have a beneficial role in helping patients after a cardiac event or procedure, with
significant improvements in smoking behaviour, weight management, physical activity
levels, psychosocial health, and alcohol consumption. This research found evidence for
improvements in cardiac risk factors, particularly increased smoking cessation and

improvements in physical and psychosocial health.

The findings reported in Chapter 5 also showed that identification of characteristics that
predict quitting smoking among CR attenders is highly needed. Existing programmes
designed to encourage smokers to quit may need to account for factors related to partner
support to encourage them to quit. Tailored intervention is needed to help smokers quit,
as these research findings highlight that CR programmes need to prioritise patients with

multiple comorbidities, high cardiovascular risk, more severe depression, and no partner.
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The results of the e-survey of CR programmes in the UK that explored the support to
quit smoking offered for CR patients discussed in Chapter 5 showed that CR
programmes in the UK routinely offer smoking cessation services to help patients quit
smoking. This short survey will be used to add programme-level details so that future

NACR reports can take account of this when evaluating the impact of CR on smoking.

6.4. Implications

The research reported in this thesis is a pioneering study of evaluation of CR quality and
outcomes using the NACR database. The NACR reports have highlighted that that CR
in routine practice is not delivered equitably across the UK in terms of standards and
outcomes. The results found in the evaluation of quality of CR delivery, which were
presented at the BACPR conference in Cardiff, Wales, in October 2016 and have been
published in Open Heart (Appendix 13), show that high-quality CR is achievable in the
modern cardiology era and that many other CR programmes deemed as mid-level quality
are close to achieving high-quality delivery of CR. The results of the evaluation of the
association of the quality of CR delivery with participating patients’ characteristics was
presented at the Australian Cardiovascular Health and Rehabilitation Association
(ACRA) annual scientific meeting in Perth in August 2017, with the associated abstract
published in the European Heart Journal (Appendix 14). My manuscript "To what extent
is the variation in cardiac rehabilitation quality associated with patient characteristics?"
has been assessed by BMC Health Services Research reviewers and they have
accepted it after minor revisions Appendix 15.The findings reported in Chapter 5 were
presented at the BACPR conference in London in October 2017, where | have been
awarded the New Investigator Award from the BACPR and also received a prize for my
oral presentation Appendix 16, and at the American Heart Association conference in Los
Angeles in November 2017.The research reported in this thesis has evaluated CR quality
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against standards that are used to help clinicians to categorise as high-quality services.
This new approach to assessing the quality of CR programmes, in which the extent to
which programmes meet standards is benchmarked against national average, provides
a robust and meaningful appraisal of how CR programmes are performing. About 30%
of CR services meet the recommended standards for the delivery of high-quality CR.
However, 70% failed to meet these high-quality criteria which is an unacceptably large
number of services. More work is heeded to support CR teams to overcome barriers to
delivering high-quality CR. More emphasis should be placed on strategies to improve
quality of CR delivery. Such strategies have the potential to benefit many CR

programmes as they progress to high quality.

Despite having tariff-based NHS funding and NICE clinical guidelines, which define the
service specification for the delivery of CR, the results of this research showed that the
quality of programmes in the UK varies significantly in terms of meeting the
recommended standards. The results also highlight considerable differences in
programmes meeting the delivery standards for CR quality between the countries in the
UK that contribute to the NACR (England, Wales and Northern Ireland) (BACPR, 2017).
Differences in duration of CR and inconsistencies in pre- and post-assessment practices
between programmes are cited as likely contributing factors. The ability of NACR to
quality assure data at a local level is helping commissioners and providers of CR
understand barriers to uptake and develop interventions to improve service quality and
outcomes (NACR, 2017). Variation in the duration of CR by country is not unanticipated,
as the commissioning, funding and incentivisation the health delivery infrastructure
differs between countries (NACR, 2017). Understanding of service-level quality and
inequalities in CR delivery is dependent on healthcare infrastructure and resources that
support CR services. With relatively small changes to service delivery standards, many

programmes could meet the recommended standards. The extent of the benefit of CR
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programmes seen through benchmarked standard measures should focus the attention
of all CR programmes, as it is likely that these metrics will be viewed as surrogates for

high-quality services in the future.

Because of the well-documented health benefits of quitting smoking, clinicians should
inform smokers about the likelihood of weight gain and encourage them to attend CR to
avoid excess weight gain. The data used in this research are sufficient to make a strong
clinical recommendation regarding the impact of CR on weight gain after smoking
cessation. When comprehensive CR combines exercise with a multifactorial programme
including smoking cessation and patient education, this research found evidence for
improvements in cardiac risk factors, particularly increased smoking cessation and
improvements in physical and psychosocial health. The e-survey will be used by the
NACR to add programme-level details so that future NACR reports can take this into
account when evaluating the impact of CR on smoking. The findings reported in
Chapter 5 show that identification of characteristics that predict quitting smoking among
CR attenders is highly desirable, as this could help match smokers with strategies that
are more likely to help them quit, identify smokers who might need more intensive
treatment (who would then require referral to specialist centres), and make the most of
healthcare resources. Programmes designed to encourage smokers to quit may need to
account for factors related to partner support as part of existing prevention programmes
to encourage smokers to quit. We felt there is a need to analyse and share these initial
findings to help clinical teams feel reassured that patients who smoke can benefit from

CR.

At present, too little evidence is available on the quality of CR to make a recommendation
on improving the quality of standards. However, the results reported in Chapters 4 and

5 of this thesis are applicable to the clinical setting by showing the importance of setting
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standard measures for delivery of high-quality CR services, including the proportion of
populations with higher comorbidities and BMI served by CR programmes; the proportion
who successfully quit smoking; and smoking services targeting patients with high
cardiovascular risk, multiple comorbidities, no partner, and more severe depression.
Setting targets for CR services, including the number of patients with more comorbidities
who use the service and the proportion who successfully quit smoking, may improve

quality of CR delivery.

6.5. Limitations of the study

As discussed in Section 4.8 and 5.8, only 224 (74%) of the 303 CR programmes in the
UK, according to the 2017 NACR report, entered data electronically to the NACR (NACR,
2017). Future work should aim to achieve greater capture of available data across the
UK. Our study population had a good sample size and is considered representative of
modern routine CR. Only 62% of patients that start CR have a recorded post assessment
(NACR, 2017). This reduces the number of valid patients substantially for the later
analysis. The population is still representative and the analysis has enough patients.
However, improvements in the recording of data such as post assessments and baseline

demographics would improve the power given to research such as this.

The NACR 2017 reported that less than a third of patients had recorded pre-CR and
post-CR physical fithess measurements either ISWT or 6MWT at baseline (NACR,
2017). This does limit the study results in that there may have been some reporting bias.
Another limitation with this study is that the study could not include intensity/dose of CR.
The length of CR was included as a covariate as duration; however, the NACR currently

has insufficient information regarding the number of sessions to calculate the dose.
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The IMD variable for a measure of social deprivation is reduced the population to only
England. As it is becoming more evident that the inter-country variations in terms of the
CR offer and the structure within centres is diverse, future research is needed when a

multi-country (Wales and Northern Ireland) measure of social deprivation is available.

In addition to completeness of data, there are some issues around the use of self-
reported data questionnaires to determine patients’ smoking status, as honesty of
patients recording smoking status may be questioned and could lead to recall and social
desirability biases. A breath carbon monoxide measure in smoking cessation is
recommended in future studies for validating smoking self-report (Velicer and
Prochaska, 2004; Middleton and Morice, 2000). It is also possible that some relevant
factors that influenced quitting smoking (potential confounders) have been missed from
the analysis due to high levels of missing data, and some may not have been collected

in the NACR.

Since the smoking data was more completed in high quality programmes (92.3%)
compared to middle (76.9%) and low (58.1) categories, which may introduce biases; we
cannot carried out any further analyses between quality categorises in terms of
outcomes (Appendix 17). As large as dataset is, there is low prevalence of smoking in
population due to its observational nature. We lacked information on the long-term follow
up data available in case of smoking relapse that may have influenced the readiness for

smoking cessation.

In the research analysis we included an expectation maximisation method, a validated
robust method of handling missingness in the data, which helped fill in missing data, and
the population used was representative of modern CR patients in the UK. It remains a
computational approximation process of replacing the missing value with a range of
values that the real value could have taken. The statistical methods used in this paper

214



were justified, however, repeat analysis of this study using a greater sample size will
help to validate these findings. Each year the completeness of data improves with the
NACR, perhaps when coverage reaches a higher level in some years a repeat of the
analysis may confirm that the missingness was not a selection or reporting bias, although
we confident it is not and the expectation maximisation was for increasing statistical

power.

6.6. Recommendations for improvement and future

study

The thesis reports the first research to evaluate CR services in the UK against
recommended standards. Further improvements in evaluations, presently underway by
the NACR, aim to utilise country-specific averages and compare CR programmes within
countries against their national averages. There is a need to assess the extent by which
CR programmes meet the standards for each health region and country to create a
clearer picture of the variation in quality of CR delivery in addition to assessing the
variation in participating patients’ characteristics. This approach to nation-specific
analysis of the quality of CR programmes will help national leads and CR programmes
in each country to see where their strengths and weaknesses lie and use this to help
inform their strategies for improvement (NACR, 2017). This approach reflects the
context, infrastructure and resources for each country, which will help set realistic
expectations. Evaluation of data about the populations served by CR programmes and
characteristics of the programmes may help low-quality programmes to be more

inclusive.
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The findings from this research indicate regional variation in quality of service delivery
but also highlight a need for greater entry of data to the NACR — a core component of
the BACPR standards (BACPR, 2017; NACR, 2017). There is a need to greater capture
available data across the UK. Overall, 7,128 patients completed CR without having an
assessment, and not performing a post-CR assessment not only fails to align with
BACPR standards but also means that patients do not obtain a long-term management

goal or plan.

Measurement of the quality of CR programmes based on the recommended standards
criteria has the potential to ensure equitable service provision and deliver international
excellence in CR and is one method in which CR programmes can demonstrate this
commitment. Quality scoring of criteria offers an opportunity for CR programmes not only
to be recognised for high-quality care but also to undertake an objective, self-driven,
reflective appraisal of the programme’s strengths and unharnessed potential.
Assessment of the quality of CR delivery through these criteria represents a positive step
to ensuring that patients, irrespective of where they live, are able to access good-quality
services. It provides information for patients on the level of service they can expect from
a CR programme and provides commissioners with a badge of quality assurance for their

local CR services.

In future trials, it would be useful to pay increased attention to recruitment of patients
who are more representative of the broader CHD population, including those at higher
risk and with major comorbidities. Clinical and research efforts should be directed

towards improving the rate of smoking cessation in patients with cardiovascular disease.

Patients willing to make change more likely to go to CR, perhaps such a low prevalence
of smoking in the NACR data is an indicator that smokers do not come. Future research
is important to look at this matter. Also, future research linking smoking cessation to
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quality is needed. It is important to capture the variation within centres/countries in the
future analysis. Due to incomplete data and massive variation in the demographics of
the centres which may introduce biases between quality categorises (Appendix 17);
future research is needed to investigate the extent to which patients meet outcomes
targets among high-, middle- and low-quality CR programmes particularly how can
quality categorisation could impact on terms of smoking outcome which when | tried to
do that it distorts the results. Programme outcomes based on quality is a recommended
area of research for the future. Due to the scale of the challenge in terms of clinical
presentation and potential for change, at the point patients start CR, is very different from
programme to programme; future methodology research is required due to the

complexity of reporting the extent of change.

Our research recommends increasing the number of pre and post CR assessments for
all core components, assessment of patients who complete CR should be at 100%, and
the frequency and quality of patient assessment before and after CR needs to improve.
Exploration and comparison of intensive CR vs standard care using NACR data is
needed in future when the NACR will has sufficient information of intensity/dose

variables added to NACR database.
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Appendices

Appendix 1 Permission to use figures form the NACR authors

% Tl AnmSq Saiman <se1816@york 206>
Permission
2 messages
Anmad Salman <3=1516@york.ac. ul> ﬁmmmdw:u

Ta: Corinna Petre <corinna. petre@york ac. uk=
Ce: Patrick Doherty <patrick doherty@yark ac uk=

Dear Ms. Petre,
Mey 1 ask for & permission to copy of figures from the annual report ints my Ph.D. thesis, plessa?

Thanks, Ahmad

Dr. Ahmad Salman
Cardiovascular Prevention and Fehabilitation Specialist
Researcher in the Cardiovascular Health Research Group (CHRG)
Ph.D. Student in Health Sciences
ASTBI207
Department of Health Scdencas
Seebohm Rowntree Building
University of York
Y010 50D
Corinna Palre <cornna petregyork ac uk= 3 May 2018 3% 15:28
To: Ahmad Salman <35 1315y ac.uk>
Ce: Patrick Doherty <patrick doherty@york ac uk=
Dear Ahmad

Thank you far your emall seeking pemmitssion io use the figures and tables from the NACR Annual Report 2017, | ean confim that we are
happy ta grant parmission for you to use them In your PhD Thesls anly. Please ensure hal you reference them appropriately.

| nawe requested high resollion figures but the BHF have sald they are with the publishing company. They wil iry and get jpeg versions. but
{his might not be possible.

Kind regards

Tek 01904 321336
Fax 01504 321388

Wark days: Monday - Thursday
Times Higher Education University of the Year 2010
EMAIL DESCLAIMER http:iwww york ac. uidocs/discialmerfemall itm

[P
Chasias nant s
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Appendix 2 The National Audit of Cardiac Rehabilitation (NACR) assessment
questionnaire

NACR Questionnaire
Assessment 1

el National
RYAudit

THE QUESTIONNAIRES AND THE NATIONAL AUDIT OF CARDIAC
REHABILITATION
Cardiac rehabilitation staris with an assessment to see how we can help you and we

would be grateful if you would fill in the attached questionnaire. This information is
also used for the National Audit of Cardiac Rehabilitation.

‘We will ask you to fill the questionnaire in again at the end of the rehab programme
and then again 12 months later. The reason for collecting the data is to measure
what you achieve on this programme, and through combining everyone’s information
in the National Audit Programme to find ways to improve cardiac rehabilitation. It is
also very helpful for us to compare how we are doing here so that, if necessary, we
can improve our programme.

WHAT HAPPENS TO THE INFORMATION?
‘We enter the information into a computer programme in the hospital and this is
treated in the same way as all information you provide to your healthcare team.

The data is collected by NHS Digital (formerly HSCIC) who hold data and information
relating to health and social care (http://content digital_nhs.uk/). They anonymise it
and send it to the BHF Cardiac Care and Education Research Group at the
University of York, who combine the data into an annual report. You can download
the previous reports here:

http-/iwww_cardiacrehabilitation.org. uk/reports_tm

Data collected by the audit may be shared for research purposes in an anonymised
format. The information will only be shared if the research is related to improving
cardiac rehabilitation services for patients.

WHO SEES MY INFORMATION?

The staff who freat you here, and staff at NHS Digital if necessary. Staff of the
MNational Audit in York see the same information but with the name/NHS
number/address details removed so they don’t know who it is from.

DO I HAVE TO TAKE PART

No you don, this is completely voluntary. If you don't want to take part it will not
effect your treatment in any way_ If you start but want to stop later that is fine too.

QUESTIONS?
If you have further questions please ask any of the staff.

THANK YOU FOR YOUR HELP
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About You
NHSNo. ... . DOB ..

Name . Date ...

Gender (please tick)
Male 0. Female -

Marital Status (please tick)

Single . Married [I:
Permanent partnership O: Divorced mP
Widowed Os Separated [OOs

What is your ethnic group? (please tick)

We are collecting this information to check that everyone has fair access to
the help that they need. Please tick the one that describes you best, or, if
none of them do, tick number 6 {any other).

White - British O.
White - Irish Os
White - Any other White background Oc
Mixed - White and Black Caribbean Oo
Mixed - White and Black African O
Mixed - White and Asian O
Any other Mixed background Oe
Asian or Asian British - Indian O
Asian or Asian British - Pakistani O.
Asian or Asian British - Bangladeshi O«
Any other Asian background O
Black or Black Brtish - Caribbean Ow
Black or Black Brtish - African O
Any other Black background O-
Other Ethnic Groups - Chinese O=
Any otherethnicgroup ._........................... DOs
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Previous Events: Other heart problems you have had, before the

current event (please tick all that apply)

MI (Heart Attack)
Pacemaker
Angina

Bypass Surgery
Congenital Heart
Heart Failure
Other
Arthythmia

O
(m
m i
.
m
B
0.
O

Cardiac Arrest [0
LV Assist Device 0O
ICD O.
Other Surgery O
Angioplasty / PCIO.

Transplant I
No/None O
Unknown O

Other llinesses You’ve Been Told You Have (Comorbidity)
Have you ever been told by a doctor that you have definitely had any of the

following illnesses?

Please answer every question even if they are all NO.

Angina

Arthritis (osteoarthritis)
Cancer

Diabetes
Rheumatism

A stroke
Osteoporosis
Hypertension
Chronic bronchitis
Emphysema
Asthma

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

O

O 0 o0o0ooooo o

YES (H3
YES O
YES O
YES O
YES Os
YES Oe
YES O
YES O
YES s
YES O
YES O

(“Other Nnesses” cont. over_..)
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Claudication NO O YES Oz
Back problems or chronic pain NO O YES s
Anxiety NO O YES O
Depression NO O YES O
Family History NO O YES O
Erectile Dysfunction NO O YES O
Hypercholesterolaemia / NO O YES O
dyslipidaemia

Other illnesses NO O YES Oss

Weight, Height and Waist Measurements

Weight: |:| kg or |:| st E Ibs
Height: I:l m or |:| ft |:| inches
Waist I:l cm or I:l inches

Smoking

Never Smoked 0O, Ex-Smoker 0.
Stopped smoking since event O Currently Smoking .
Alcohol

How much do you drink a week? [One unit of alcohol is about equal to: half a pint of ordinary
strength beer, lager or cider (3-4% alcohol by volume); or a small pub measure (25 ml) of spirits (40%
alechol by volume); or a standard pub measure (50 ml) of fortified wine such as shemy or port (20% alcohol
by wolume). There are one and a half units of alcohol in: a small glass (125 mil) of ordinary strength wine
{12% alcohol by volume); or a standard pub measure (35 ml) of spirits (40% alcohol by volume). ]

Units per Week I:l
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Physical Fitness and Activity

(Chief Medical Officer (CMQO) Physical Activity Questionnaire)

Do you take regular moderate physical
activ'rly of at least 30 minutes duration
on average 5 times a week?

(or BqUJiVH.I'EDf eq. 150 minutes over 7
days}_

Muoderaote activity means anything that tokes as much
effort as: brisk walking or house work/carrying a light
bag on level groundy’ mowing the lawn/general DIY like
painting and decorating/sports like easy swimming,
easy oycling, ballroom dancing etc

Yes

No

Do you do 75 minutes of vigorous
exercise a week?

Vigorous activity means anything thot tokes as much
effort as: running,/vigorous swimming or
cycling/oerobics class/ circuit training,/digging in heavy
ground/chopping wood/ heavy DIY/sports like foctball,
rugby, squash, nethall etc

Yes

No
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Quality of Life (Dartmouth Co-op)

PHYSICAL FITNESS. During the past week what was the hardest physical activity
you could do for at least 2 minutes? (Place a tick in the box next to the one you feel
best describes your fitness)

Very heavy, for example: run at a fast pace or carry a heavy
load upstairs or uphill (25 Ibs / 10 kgs)

Heavy: for example- jog, slow pace or climb stairs or a hill at
moderate pace

Moderate: for example: walk at medium pace or carry a heavy
load on level ground (25 Ibs / 10 kgs)

Light: for example: walk, medium pace or camy a light load on
level ground (10 Ibs / 5 kgs)

Very light: for example: walk at a slow pace, wash dishes

FEELINGS. During the past week how much have you been bothered by emotional
problems such as feeling anxious, depressed, imitable or downhearted and blue?
(Place a tick in the box next to the one you feel best describes your feelings)

Not at all 1
Slightly 2
Moderately 3
Quite a bit .
Extremely 5

DAILY ACTIVITIES. During the past week how much difficulty have you had doing
your usual activities or task, both inside and outside the house because of your
physical and emotional health?

No difficulty at all 1
A little bit of difficulty 2
Some difficulty 3
Much difficulty .
Could not do s
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SOCIAL ACTIVITIES During the past week has your physical and emaotional health
limited your social activities with family, friends, neighbours or groups?

Not at all 1
Slightty 2
Moderately 3
Quite a bit .
Extremely 5

PAIN. During the past week how much bodily pain have you generally had?

No pain 1
Very mild pain 2
Mild pain 3
Moderate pain 4
Severe pain 5

CHANGE IN HEALTH. How would you rate your overall health now compared to a
week ago?

Much better 1
A little better 2
About the same 3
A little worse 4
Much worse 5

OVERALL HEALTH During the past week how would you rate your health in
general?

Excellent 1
Very good 2
Good 3
Fair 4
Poor 5
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SOCIAL SUPPORT. During the past week was someone available to help you if you
needed and wanted help? For example:

= if you felt nervous, lonely, or blue,

= got sick and had fo stay in bed,

= needed someone to talk to,

= needed help with daily chores,

= needed help with taking care of yourself

Yes, as much as | wanted 1
Yes, quite a bit 2
Yes, some 3
Yes, a little 4
No, not at all 5

QUALITY OF LIFE. How have things been going for you during the past week?

Very well: could hardly be better 1
Pretty good 2
Good & bad parts about equal 3
Pretty bad .
Very bad: could hardly be worse 5

Please check that you have ticked or circled one answer for every
question on all 3 pages

{continued over...)
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Hospital Anxiety and BLGL et
Depression Scale (HADS)

L v Gf podeolis

Clinicians are gware that emotions play an important part in most illnesses. If your clinician knows about
these feelings he or she will be able to help you more. This questionnaire is desizned to help your
climician to know how you feel. Read each item below and tick the reply which comes closest to how you
have been feeling in the past week. Don't take too long over your replies, your immediate reaction to each
itemn will probably be more acourate than a long, thought-ont response.

I feel temse or “wound mp’
st of the fime
lot of the tme
time to time, occasionally
atall

I get a sort of frightened feeling as if
something awfnl is about to happen
Jery definitely and quite badly
‘ez, but not oo badly
little, but it doesn’t worry me
atall

I cam lamgh and see the funny side of things
mmch as I always could
quite 50 nmch now
mot 5o mmch now
atall
‘Worrying thought= go through my mind
great deal of the time
lot of the time
oo often
Jery little
I fieel cheerful
often.

st of the fime
I cam sit at ease and feel relaxed

sually
often.

atall

I feel a3 if I am slowed down
all the dme
Jery often
imes
at all
I get a sort of frightened feeling like
‘butterflies’ in the stomach
at all
casionally
ite often
[ery often
I have lost interest in my appearance

don’t take as much care as I should
may not take quite as nmch care
take just as mmch care as ever
I feel restless as if T have to be on the move
Jery much indeed
ite a lot
wery mmch
at all

I look forward with enjoyment to thimgs

mmch as I ever did
ther less than I wsed to
itely less than Iused o
at all

I pet sndden feelings of pamic
fery often indesd
ire offen
wvery often
arall

I can emjoy 2 good book or radio or
televizion programme
Orften

Sometimes
Mot ofien
Wery seldom

O
O

Now check that you have answered all the sty

TOTAL

HADS copyright © L P, Sesith ssd A 5. Zigmond, 1983, 1992, 1994
Rl forma il ofigimdly published in Ack Pochiotnics Scosdiandes, 67, 361-70,
canpryright © Mlunkosgard Tnpermmsiond Fublishers Lud, Coperdagen, 1983
This etices first prabished in 1994 by sfesbichun Publishing Congm Lid.
& Fleor, 389 Chiswick High Rosl Londes W 4AL
. Assesnmen s pet of the Gl Educition Geoup
This Feertn ey tunt bee: regreeaduced by ary macsaes witho fiest obtsanig peresticdon lrom the pubilisher
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Work and Employment

Please complete your employment status as it is at the time of filling in this
questionnaire.
If you are in paid work, or currently looking for work and could start in the next 2

weeks, or are retraining for work, choose from the Grey box; If you are not paid, or
are on temporary/long term sickness benefits, please choose from the White box

Please choose one item, from one box only:

Employed Full Time s Looking after family/home -
Employed Part Time O Retired O=
Self-Employed Full Time Os Permanently Sick/Disabled Os
Selt-Employed Part Time 0. Temporarily Sick/Injured O
Unemployed/Looking for work Os Student On
Government Training Scheme Os Other Reason Not Working Oz
Medication / Drugs

Are you currently taking any of these medicines? Please tick all those you are taking in each drug
class. (We are wanting drugs related to your cardiac event, so do not worry about medication that
is not included in the list below_)

Drug Class Drug Tick v

ACE Inhibitors Captopril O+
Enalapril 0.
Lisinopril Os
Perindopril 0.
Ramipril Os
Trandolapril Os
Quinapril O
Other/Not Specified Os

Angiotensin Receptor Blockers (ARB) Candesartan Os
Losartan O
Valsartan O
Other/Not Specified vz

Heart Rate Meds Bisoprolol [ B
Carvedilol s
Nebivolol s
Atenalol e
Propranolol O
Metoprolol Lhe
Ivabradine Lhe
Other/Not Specified O=
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Diuretic: loop Bumetanide O
Ethancrynic Acid Oz
Frusemide O
Torasemide 24
Other/Not Specified Cls
Diuretic: Thiazide Bendroflumethiazide Ozs
Metolazone Oz
Other/Not Specified O=s
Selective Aldosterone Receptor Eplerenone Oz
Antagonist (SARA) Spironolactone O
Diuretic/Antihypertensive Other/Not Specified [mE
Antiplatelet Aspirin ™)
Clopidogrel O
Other/Not Specified [z
Antiarrhythmics Digoxin O
Amiodarone O
Other/Not Specified Clar
Calcium Channel Blockers (CCBs) Amlodipine (TS
Felodipine O
Diltiazem Oao
Verapamil O
Other/Not Specified e
Therapy for Lipids (Statins) Atorvastatin Oa
Pravastatin Oas
Rosuvastatin s
Simvastatin O
Dther/Not Specified O«
Anfticoagulant Warfarin Cas
Other/Not Specified Oas
Vasodilators Nitrates (incl GTN Spray) D=
Other/Not Specified Os1
Current Diabetes Therapy Metformin O=
Sulphonylurea Os:
Glitazone (WE
Insulin Oss
Dther/Not Specified Ose
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Total Activity Measure

We'd like to know how active you've been in the last week, and how many minutes one of
these activities typically lasts. Please put a score in all 6 boxes even is the answeris 0. In
this questionnaire the last week refers to the week nearest to the point of starting the
formal exercise part of your rehabilitation.

MNB: If you are filling in this questionnaire at home, and are finding this question difficult, please leave it,

and fill it in when you are at your first rehab appointment or dinic —your dinician will be able to help you
with it

1. Inthe last week, how many times did you do strenuous activities? |:|

Typically, how many minutes did one of those strenuous activities last? I:l
Strenuous activity means anything that takes as much effort as:
running/vigorous swimming or cycling/oerobics class/ circuit training/digging in

Tip-.. heavy groundychopping wood,/ heavy DIY/sports like football, rugby, squash,
netball etc
2. In the last week, how many times did you do moderate activities? I:l

Typically, how many minutes did one of those moderate activities last? I:l
Moderate activity means anything that takes as much effort as: brisk walking or

Ti house work/carrying a light bag on level groundy’ mowing the lawn/general DIY
p-— like painting and decorating/sports like easy swimming, easy cycling, baliroom
dancing etc
3. In the last week, how many times did you do mild activities? |:|
Typically, how many minutes did one of those mild activities last? I:l
Mild activity means anything that takes as much effort os: easy walking or very
Tip light housewark/browsing in shops/slow dancing/hand weeding in the

garden/sports like bowls, river fishing, goif etc

Thank you for your help.
The information you have provided will be used
to improve our services to you.
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Appendix 3 The National Certification Programme for Cardiovascular Rehabilitation
(NCP_CR) Report

The Minimum Standards for Certification of Cardiac Rehabilitation
Programmes: 2016
We will use a combination of the details from the Certification Registration Document and from the

MNACR/BACPR Certification Report to ascertain whather a cardiac rehabilitation programme meets the
following minimum standards.

Minimum Standards (MS)

Standard 1: The delivery of seven core components employing an evidence based approach

Minimum standard (MS) 1.1 Named leads for each of the core components
i. Health behaviour change and education
jia. Lifestyle risk factor reduction: Physical activity
iib. Lifestyle risk factor reduction: Diet
iic. Lifestyle risk factor reduction: Smoking cessation
iii. Peychasocial health
iv. Medical risk factor management
v. Cardioprotective therapies
Vi Long term management
vii. Audit and evaluation

Standard 2: An integrated multidisciplinary team consisting of qualified and competent
practitioners, led by a clinical coordinator

M35 2.1: At least three professions in the cardiac rehabilitation team — these are professionals who
regularly have input into the cardiac rehabilitation programme.
M5 2.2: Named Clinical Coordinator

Standard 3: ldentification, referral and recruitment of eligible patient populations
M3 3.1: Cardiac rehabilitation is offered at least to priority groups: MI, PCI, CABG, heart failure.

Standard 4: Early initial assessment of individual patient needs in each of the core componenits,
ongoing assessment and reassessment on programme completion®

M3 4.1: Mean wait time from initiating event to assessment 1 is equal to or kess than 48 days

M3 4.2: Percent of patients with recorded assessment 1 is equal to or more than 74%

M3 4 3: Percent of patients with recorded assessment 2 (end of CR) is equal to or more than 52%
M5 4.4: Use of formal risk stratification for exercise

Standard 5: Early provision of a cardiac rehabilitation programmee, with a defined pathway of care,

which meets the core components and is aligned with patient preference and choice.

M3 5.1: Time from referral to start of main CR programme for MIfPC is equal to or less than
national median of 38 days

M35 5.2: Time from referral to start of main CR programme for CABG is equal to or less than national
median of 50 days

M3 5.3 Duration of main CR programme for MIfPCl is equal to or more than national median of 58
days.

M3 5.4 Duration of main CR programme for CABG is equal to or more than national median of 60
days.
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Standard 6: Registration and submission of data to the National Audit for Cardiac Rehabilitation
(MNACR)

M3 6.1: Obta of a valid NACR/BACPR Certification report

Standard 7: Establishment of a business case including a cardiac rehabilitation budget which
meets the full service costs.

Standard 7 is not measured.

You will see that we are not assessing standard 7 (Establishment of a business case) within the
minimum standards. While this standard is vital for meeting the full BACPR standards, it is difficult to
assess for certification that a business case is established (what would we use as criteria fora
document to be accepted as a business cass?).

Assessment of delivery of the core components:

Currently, we are not assessing the effimcy of delivery of the core components — simply that there is a
named person to lead on each component and that each component is delivered. In the registration
document we ask programmes to discuss their strengths in each of components, and whether there
are areas that need to be developed and if so, what plans do they have for this. These plans and goals
may be included in the feedback as goals to achieve for re-certifiation for a cardiac rehabilitation. In
future, once the standard of data included in NACR is improved, then we will be able to assess
whether these components are being delivered in a way that meets minimum standards for cutcomes
of the components.
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Appendix 4 Risk stratification (adapted courtesy of ACPICR 2015)

| Appendix E: Risk stratification

Risk stratification is a multi-factorial measure used to establish prognosis of future major cardiac
events and chances of survival. Mortality risk within the first year for an individual assessed as:

e low risk is 2%
e moderate risk is 10 — 25%
 high risk is >25%

It can also help determine the chances of disease progression in terms of arterial, myocardial or
electrophysiological function. This tool helps the exercise professional to identify relevant
information for individual management, appropriate level of supervision and monitoring.
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AACVPR stratification for risk of cardiac events *

ILOWEST RISK - C

IMODERATE RISK - B

HIGHEST RISK - A

Absence of complex ventricular
dysrhythmias during exercise
testing and recovery

Absence of angina or other
significant symptoms (for
example unusual SOB, light-
headedness or dizziness,
during exercise testing and
recovery)

Presence of normal
haemodynamics during exercise
testing and recovery (i.e.
appropriate increases and
decreases in HR and SBP with
increasing workloads and
recovery)

Functional capacity = 7 METS

Non-exercise Testing
Findings:

Resting EF 250%

Uncomplicated MI or
revascularisation procedure

Absance of complicated
ventricular dysrhythmias at rest

Absence of CHF

Absence of signs or symptoms
of post-event/post-procedure
ischaemia

Absence of dinical depression

Presence of angina or other
significant symptoms (for
example

unusual SOB, ightheadedness
or dizziness, occurting only at
high levels of exertion = 7
METS)

Mild to moderate level of silent
ischaemia during exercise
testing or recovery (ST-segment
depression <2 mm from
baseline)

Functional capadity <5 METS

Non-exercise Testing
Findings:

Resting EF 40 — 49%

Presence of complex ventricular
dysrhythmias during exercise
testing or recovery

Presence of angina or other
significant symptoms (for
example unusual SOB,
lightheadedness or dizziness at
low levels of exertion
(«<5METS) or during recovery)
High level of silent ischaemia
(ST-segment depression » 2mm
from baseline) during exercise
testing or recovery

Presence of abnormal
haemodynamics with exercise
testing (i.e. chronotrophic
incompetence or flat or
decreasing SBP with increasing
workloads) or recovery (severe
post exercise hypotension)

Non-exercise Testing
Findings:

Resting EF <40%

History of cardiac arrest or
sudden death

Complex dysrhythmias at rest

Complicated MI or
revascularisation procedure

Presence of CHF

Presence of signs and
symptoms of post-event/post-
procedure i emia

Presence of clinical depression

All characteristics listed
must be present for patients
to remain at lowest risk

Any one, or combination
of these findings places a
patient at moderate risk

Any one, or combination
of these findings places a
patient at high risk
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Criteria checklist for use when risk stratifying CHD individuals prior to exercise 1%

Indicators of severity | Indicators of LV Indicators of ongoing | Other considerations
of event function ischaemia
= An anterior rather |= LV function — « Positive ETT s Arrhythmias
than inferior MI moderate (EF = 40-|« Ongoi (especially
« More than one 49%) or poor (EF = angina/ischaemia ventricular)
previous infarct <40%) = Awaiting further | = Cardiac arrest
« High cardiac » Presence of HF investigations secondary to event
enzymes or
= troponin levels at
time of infanct
= Complicated
recovery

Supervision level

This relates to potential difficulties when taking part in the exercise component of CR for
example hard of hearing, poor vision, poor balance, MSK/neurological problems which may
affect the staff to individual ratio or type of exercises prescribed.

1=High supervision needs 2=Moderate supervision needs 3=Low supervision needs.
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Appendix 5 The Hospital Anxiety and Depression Scale (HADS)

Huospital Anxiety and Depression

Tick the box besiae the reply that IS CloSoSt t0 NOW you

Scale (HADS)

have beon faling In the Past week.

Don't take too long over you replies: your Immediate Is best.
D |A [i] A
| feal tense or ‘Wound up': I#eel as If | am siowed dowWn:
3 Maost of the time 3 MNeary zll the time
2 A lot of the fims 2 Very often
1 From fime to time, occasionally 1 Sometimes
0 Mot at all [1] Mot at all
I still enjoy the things | used to I get a sort of frightened feeling like
[:] H ‘butierilies’ In the stomach:
1] Definitely 82 much [1] Mot at all
1 Mot quite s0 much 1 Orccasionally
2 Only a litle 2 Chuite Often
3 Hardly at all 3 Very Often
| get a sort of frighiened feeling as if
something awful Is about to I have lost Interest in my appearance :
happen:
3 Very definitely and quite badly 3 Deafinitaly
2 Yesg, but not too badly 2 | don't take as much care as | should
1 A little, but it dopsn't worry me i1 | may not take guite s& much care
1] Mot at all [1] | teke just B8 much care as ever
| can laugh and see the funny side I feel restiess as | have to be on the
of things: TTIOVE
0 As much as | always could 3 Wery much indeed
1 Mot quite 50 much now 2 CQuitz a lot
2 Definitely not so much now 1 Mot very much
3 Mot at all [i] Mot at all
Worrying thoughts go through my I look forward w ith enjoyment to
mind: things:
3 A great deal of the time [1] As much as | ever did
2 Alot of the ime 1 Rather less than | used to
1 From fime to time, but not foo often 2 Diafinitaly less than | used to
1] Only oocasionally E] Hardly at all
| feal chearful: | get sudoen feelings of panic:
3 Mot at sl 3 Mery often indeed
2 Mot often 2 Ouite often
1 ‘Somefimes 1 Mot very often
0 Maost of the time [1] Mot at all
| can sk at ease and feel relaxed: I can enjoy a good book or radio or TV
program:
[1] Definitaty [1] Oftan
1 Usually 1 Somatimes
2 Mot Often 2 Mot often
3 Mot at all E] Very seldom
Please check you have answered all the questions
Scoring:
Total score: Depression (D) Anxiety (A)
0-7 = Hormal

8-10 = Borderline abnormal {borderline case)
11-21 = Abnormal (case)
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Appendix 6 Smoking cessation survey

Contact Details

Smoking cessation is a key part of secondary prevention and rehabilitation and is included in the
BACPR Core Components of lifestyle risk factor management. In addition to the NACR database,
and the annual paper survey on uptake/staffing, NACR s collecting information on additional key
questions such as type of programme, smoking cessation, dietary advice etc.

This short survey will be used to add programme level details so that future NACR reports can take
account of this when evaluating the impact of CR on smoking.

Your response to the questions will be linked with our existing electronic data, and may be used in
national, regional and local reporting along with potential research.

Thank you for your time.

* 1, Please ghve your contact | programme detalls hera

Primary Contact Name |

Primary Contact Email |

Programme Mame

I
Programme Address |
I

Posiocode
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* 2. Does your CR programmea offer suppart for patents with stopping smolkdng?

Mo
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3. 15 the smoking cessation delivered at the CR programme of refemed our?

-

() Defivered at the CR programme

.

 Extemally retemed out
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Delivered at CR Programme

4. How does the patient receive the service within your programme?
|:| Cine o One Sessions
[7] eroup Education Sessions

|:| Cithver (please specity)

5. Who delivers the service within your programme?

|:| CR Team

D Crhver amoking cessation qualiied membes of atall

[] onver (please specityy

240




Referred Externally

6. What external service is the patient referred to?
[] poctance appointment

[7] commurity Basea Cessation Programme

[] e (please specityy
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7. How does the patient receive the service within your programme?
D One o One Sessions
[7] eroup Education Sessions

[] e (please specityy
I

8. Who delivers the service within your programme?

[] crTeam

[] ronver smaking cessation qualiied member of st

[] onher (please specity)
I

9. What external service is the patient referred to?

|:| DOCIiGR Appointment
D Community Based Cessation Programme
|:| Criver (please specify)

10. what might decide whether a patient would attend the CR Programme or be referred out?

[] Avmietiny

|:| Palent Preference

|:| Funding Constraints

[] specific Patient Needs (eg. hardened smoker)
[] e (please specity)
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No Smoking Cessation Support

11. Pleasa explain why you don't provide support for stopping smoking.
|:|Nﬂl1rllﬂu

[7] Provided elsewhere

Dﬂan)mmsm

[7] me demana

[] onver (please specityy
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Appendix 7 ANOVA with post-hoc results between standards and quality categories

The average of the percentage of programmes meeting the Ax1 criterion increased from
the low-quality category (n=31, mean 68.45% (SD 30.73%)) to the middle-quality
category (n=78, 76.42% (SD 28.26%)) to the high-quality category (n=52, 89.44
(SD=8.93%)). Heterogeneity of variance, as the ratio of max SD:min SD, was greater
than 2 (30.73/8.93=3.44). The difference between all three quality categories was
statistically significant (Welch’s F(2,64.91)=12.92, p<0.001, n?=0.09). The Games-
Howell (G-H) post-hoc analysis found that the mean increases from low- to high-quality
(20.99 (95% CI 7.11 to 34.87), p=0.002) and from middle- to high-quality category (13.02

(95% CI 4.86 to 21.19), p=0.001) were statistically significant.

The average of the percentage of programmes meeting the Ax2 criterion increased from
the low- (=26, mean 41.05% (SD 29.35%)) to the middle- (n=78, 52.25% (SD 28.13%))
to the high-quality category (n=52, 63.98 (SD 18.53%)). Homogeneity of variance, as the
ratio of max SD:min SD, was less than 2 (29.35/18.53=1.58). The difference between all
three quality categories was statistically significant (F(2,153)=7.47, p=0.001, n?=0.09).
G-H post-hoc analysis revealed that the mean increases from low- to high-quality
category (22.93 (95% CI 7.51 to 38.35), p=0.002) and from middle- to high-quality

category (11.73 (95% CI 2.03 to 21.44), p=0.013) were statistically significant.

The average number of days for TRS_CR/MIPCI decreased from the low- (n=31, mean
54.39 (SD 17.31) days) to the middle- (n=78, 42.94 (SD 20.08) days) to the high-quality
category (n=52 (31.32 (SD 9.99) days). There was heterogeneity of variance, as
assessed by the max SD:min SD ratio (20.08/9.99=2.01). The difference between all
three quality categories was statistically significant (Welch's F(2,74.94)=27.22, p<0.001,

n?=0.19) G-H post-hoc analysis revealed that the mean decreases from low- to middle-
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quality category (11.45 (95% CI 2.21 to 20.69), p=0.01), from low- to high-quality
category (23.07 ( 14.80 to 31.34) days, p<0.001) and from middle- to high-quality

category (11.62 (95% CI 5.30 to 17.94) days, p<0.001) were statistically significant.

The average number of days for TRS_CR/CABG decreased from the low- (n=27, mean
61.85 (SD 18.79) days) to the middle- (n=75, 55.61 (SD 24.26) days) to the high-quality
category (n=52, 41.99 (SD 13.44) days). There was homogeneity of variances, as
assessed by the max SD:min SD ratio (24.26/13.44=1.81). The difference between all
three quality categories was statistically significant (F(2,151)=10.73, p<0.001, n?=0.12).
G-H post-hoc analysis revealed that the mean decreases from the low- to high-quality
category (19.86 (95% CI 9.96 to 29.76) days, p<0.001) and from the middle- to high-

quality category (13.62 (95% CI 5.63 to 21.60, p<0.001) were statistically significant.

The average number of days for CR programme duration increased from the low- (n=29,
mean 57.59 (SD 20.21) days) to the middle- (n=78, 64.56 (SD 22.53) days) to the high-
quality category (n=52, 70.33 (SD 18.26) days). There was homogeneity of variance, as
assessed by the max SD:min SD ratio (22.53/18.26=1.23). The differences between all
three quality categories was statistically significant (F(2,156)=3.56, p=0.03, n?>=0.04). G-
H post-hoc analysis revealed that the mean increase from the low- to the high-quality

category (12.74 (95% CI 1.83 to 23.66) days) was statistically significant (p=0.02).
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Appendix 8 ANOVA with post-hoc results between standards and countries

The average of the percentage of programmes meeting the Ax2 criterion was lowest for
Wales (n=17, mean 36.78% (SD 22.71%)), intermediate for England (n=131, 54.53 (SD
27.49%)) and highest for Northern Ireland (n=12, 59.28% (SD 16.85%)). There was
homogeneity of variance, as assessed by the max SD:min SD ratio (27.49/16.85=1.63).
The difference between all three countries was statistically significant
(F(2,157)=3.76, p=0.03, n?=0.05). Games-Howell post-hoc analysis revealed that the
mean differences between Wales and England (17.75% (95% CI 2.69% to 38.82%),
p=0.02) and Wales and Northern Ireland (22.5% (95% CI 4.28% to 40.73%), p=0.01)

were statistically significant.

The average number of days for CR programme duration was lowest for Northern Ireland
(n=14, median 57.46 (SD 14.14) days), intermediate for England (n=134, 63.45 (SD
20.23) days) and highest for Wales (n=17, 79.32 (SD 25.71) days). There was
homogeneity of variance, as assessed by the max SD:min SD ratio (25.71/14.14=1.82).
The difference between all three countries was statistically significant
(F(2,162)=5.48, p=0.01, n?=0.06). Games-Howell post-hoc analysis revealed that the
mean difference between Wales and Northern Ireland was statistically significant (21.86

(95% ClI 3.73 to 39.99) days, p=0.02).
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Appendix 9 Demographic characteristics between quality categories

The average of number who started CR increased from the low (n=31, mean 126.16
(SD=126.03)), to the middle- (n=78, 261.15 (SD=186.23)), to the high-quality category
(n=52, 289.67, (SD=209.22)). There was homogeneity of variances, as assessed by the
max SD:min SD ratio (209.22 / 126.03=1.66). The differences between all three quality
categories was statistically significant (F(2, 158)=8.25, p <0.001, n2=0.10). The Games-
Howell post-hoc analysis found that the mean increases from low- to high-quality (163.51
(95% CI 75.65 to 251.37), p<0.001) and from low- to high-quality category (134.99 (95%

Cl1 61.13 to 208.86, p<0.001) were statistically significant

The average of hours of staff members increased from the low- (n=27, mean 60.78
(SD=53.47)), to the middle- (n=75, 91.91, (SD=83.07)), to the high-quality category
(n=48, 137.06, (SD=98.05)). There was homogeneity of variances, as assessed by the
max SD:min SD ratio (98.05 / 53.47=1.83). The differences between all three quality
categories was statistically significant (F(2, 147)=7.96, p=0.001, n2=0.10). Games-
Howell post-hoc analysis found that the mean increases from low- to high-quality (76.28
(95% CI 34.41 to 118.14), p<0.001), and from middle- to high-quality category (45.15

(95% CI 4.39 to 85.91), p=0.03) were statistically significant.

The average of number of MDT increased from the low- (n=27, mean 3.03 (SD=2.10)),
to middle- (n=75, 3.71, (SD=2.06)), to high-quality category (n=48, 4.56, (SD=2.10)).
There was homogeneity of variances, as assessed by the max SD:min SD ratio (2.10 /
2.06=1.02). The differences between all three quality categories was statistically
significant (F(2, 147)=5.05, p=0.01, n2=0.06). Games-Howell post-hoc analysis found
that the mean increases from low- to high-quality category (1.53 (95% CI 0.31 to 2.74,

p=0.01)) was statistically significant.
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Appendix 10 Demographic characteristics among countries

The average of number who started CR was lowest for Northern Ireland (n=15, mean
122.47 (SD=68.98)), intermediate for Wales (n=17, 238.71, (SD=140.90)), and highest
for England (n=137, 252.58, (SD=202.08)). There was heterogeneity of variances, as
assessed by the max SD:min SD ratio (202.08 / 68.98=2.93). The differences between
these countries was statistically significant, (Welch's F(2, 35.87)=14.40, p <0.001,
n2=0.04). Games-Howell post-hoc analysis revealed that the mean difference between
Northern Ireland and England (130.12 (95% CI 70.14 to 190.10, p<0.001) and Northern

Ireland and Wales (116.24 (95% CI 19.97 to 212.51, p=0.02) were statistically significant.

The average of hours of staff members was lowest for Northern Ireland (n=15, mean
38.32 (SD=18.08)), intermediate for England (n=124, 102.02, (SD=90.00)), and highest
for Wales (n=17, 120.01, SD=94.45). There was heterogeneity of variances, as
assessed by the max SD:min SD ratio (94.45 / 18.08=5.22). The differences between
these countries was statistically significant, (Welch's F(2, 38.78)=26.82, p<0.001,
n2=0.05). Games-Howell post-hoc analysis revealed that the mean difference between
Northern Ireland to England (63.69 (95% CI 41.52 to 85.86), p<0.001) and Northern

Ireland and Wales (81.69 (95% CI 21.82 to 141.55), p=0.01) were statistically significant.
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Appendix 11 Baseline health states of patients in cardiac rehabilitation (CR) programmes
classified as having low-, middle- and high-quality service delivery

The average of proportion of high risk patients was not statistically significant different
among quality categories (F(2, 107)=1.14, p=0.32, n2=0.02): low- (n=12, mean 16.28
(SD=10.04)), middle- (n=53, 21.84, (SD=15.31)), and high-quality category (n=45, 23.39

(SD=14.38)).

The average of waist was not statistically significant different among quality categories
(F(2, 129)=0.82, p=0.45, n2=0.01): low- (n=25, mean 97.47 (SD=7.38)), middle- (n=63,

98.07 (SD=9.93)), and high-quality category (n=44, 101.00 (SD=13.29)).

The average of proportion of patients with BP of 140/90 mmHg or higher was not
statistically significant different among quality categories (F(2, 144)=1.46, p=0.24,
n2=0.02): low- (n=25, mean 28.69 (SD=11.24)), middle- (n=70, 32.64 (SD=13.05)), and

high-quality category (n=52, 33.47 (SD=9.98)).

The average of proportion of smoker patients was not statistically significant different
among quality categories (F(2, 123)=2.52, p=0.09, n2=0.04): low- (n=18, mean 8.32,
(SD=4.10)), middle- (n=60, 12.68 (SD=8.24)), and high-quality category (n=48, 11.39

(SD=6.87)).

The average of six-minute walk test (6MWT) was not statistically significant different
among quality categories (F(2, 62)=1.99, p=0.15, n2=0.06): low- (n=13, mean 342.74
(SD=102.63)), middle- (n=27, 276.66 (SD=111.99)), and high-quality category (n=25,

280.61 (SD=95.71)).

The average of incremental shuttle walking test (ISWT) was not statistically significant

different among quality categories (F(2, 59)=0.48, p=0.62, n2=0.02): low- (n=7, mean
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374.58 (SD=190.26)), middle- (n=30, 326.18 (SD=123.54)), and high-quality category

(n=25, 352.33 (SD=132.30)).

The average of proportion of patients reported exercise 150 minutes over a week was
not statistically significant different among quality categories (F(2, 156)=2.15, p=0.12,
n2=0.03): low- (n=31, mean 36.49 (SD=27.71)), middle- (n=76, 28.04 (SD=16.92)), and

high-quality category (n=52, 29.53 (SD=16.38)).

The average of proportion of patients reported exercise 75 minutes of vigorous exercise
a week was not statistically significant different among quality categories, (F(2,
155)=1.18, p=0.31, n2=0.02): low- (n=30, mean 8.38 (SD=9.24)), middle- (n=76, 6.20

(SD=5.66)), and high-quality category (n=52, 6.56 (SD=6.20)).

The average of proportion of patients categorised according to Hospital Anxiety and
Depression Scale (HADS) score to borderline abnormal or anxious scores was not
statistically significant different among quality categories (F(2, 133)=1.86, p=0.16,
n2=0.03): low- (n=18, mean 28.05 (SD=8.83)), middle- (n=68, 32.58 (SD=8.96)), and

high-quality category (n=50, 31.54 (SD=8.70)).

The average of proportion of patients categorised according to Hospital Anxiety and
Depression Scale (HADS) score to borderline abnormal or depressed scores was not
statistically significant different among quality categories (F(2, 130)=1.52, p=0.22,
n2=0.02): low- (n=17, mean 18.24 (SD=7.52)), middle- (n=66, 21.89, SD=8.62), and high

quality category (n=50, 21.69 (SD=6.91)).
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Appendix 12 Baseline comorbidity profiles of patients in cardiac rehabilitation (CR)
programmes classified as having low-, middle- and high-quality service delivery

The average of proportion of patients started CR with angina comorbidity was not
statistically significant different among quality categories (F(2, 158)=0.84, p=0.43,
n?=0.01): low- (n=31, mean 12.23 (SD=11.59)), middle- (n=78, 12.07 (SD=10.00)), and

high-quality category (n=52, 14.38 (SD=10.00)).

The average of proportion of patients started CR with arthritis comorbidity was not
statistically significant different among quality categories (F(2, 158)=2.09, p=0.13,
n?=0.03): low (n=31, mean 7.94 (SD=8.75)), middle- (n=78, 9.72 (SD=7.32)), and high-

quality category (n=52, 11.42 (SD=7.23)).

The average of proportion of patients started CR with cancer comorbidity was not
statistically significant different among quality categories (F(2, 158)=2.31 p=0.10,
n?=0.03): low- (n=31, mean 2.99 (SD=2.78)), middle- (n=78, 4.32 (SD=4.26)), and high-

quality category (n=52, 4.73 (SD=3.05)).

The average of proportion of patients started CR with rheumatism comorbidity was not
statistically significant different among quality categories (F(2, 158)=0.85 p=0.43,
n?=0.01): low- (n=31, mean 1.77 (SD=3.00)), middle- (=78, 1.61 (SD=1.80)), and high-

quality category (n=52, 2.09 (SD=1.77)).

The average of proportion of patients started CR with osteoporosis comorbidity was not
statistically significant different among quality categories (F(2, 158)=3.02, p=0.052,
n?=0.04): low- (n=31, mean 1.08 (SD=1.70)), middle- (n=78, 1.27 (SD=1.27)), and high-

quality category (n=52, 1.86 (SD=1.89)).

The average of proportion of patients started CR with hypertension comorbidity was not

statistically significant different among quality categories (F(2, 158)=0.76, p=0.47,
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n?=0.01): low- (n=31, 31.89 (SD=25.55)), middle (n=78, 31.87 (SD=15.77)), and high-

quality category (n=52, 35.58 (SD=15.01)).

The average of proportion of patients started CR with chronic bronchitis pulmonary
disease (COPD) comorbidity was not statistically significant different among quality
categories (F(2, 158)=0.62, p=0.54, n?=0.01): low- (n=31, mean 1.22 (SD=1.62)),

middle- (n=78, 3.04 (SD=10.89)), and high-quality category (n=52, 2.55 (SD=7.70)).

The average of proportion of patients started CR with emphysema comorbidity was not
statistically significant different among quality categories (F(2, 158)=2.06, p=0.13,
n?=0.03): low- (n=31, mean 0.53 (SD=1.01)), middle- (=78, 1.50 (SD=3.83)), and high-

quality category (n=52, 1.80 (SD=1.39)).

The average of proportion of patients started CR with claudication comorbidity was not
statistically significant different among quality categories (F(2, 158)=1.70, p=0.19,
n?=0.02): low- (n=31, mean 3.07 (SD=9.18)), middle- (=78, 1.47 (SD=1.65)), and high-

quality category (n=52, 2.41 (SD=2.50)).

The average of proportion of patients started CR with chronic back problems comorbidity
was not statistically significant different among quality categories (F(2,
158)=2.13, p=0.12, n?=0.03): low- (n=31, mean 5.02 (SD=7.10)), middle- (n=78, 6.58

(SD=7.30)), and high-quality category (n=52, 8.33 (SD=7.27)).

The average of proportion of patients started CR with anxiety comorbidity was not
statistically significant different among quality categories (F(2, 158)=1.27, p=0.29,
n?=0.02): low- (n=31, mean 4.78 (SD=17.85)), middle- (n=78, 1.96 (SD=3.80)), and high-

quality category (n=52, 2.82 (SD=2.59)).
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The average of proportion of patients started CR with depression comorbidity was not
statistically significant different among quality categories (F(2, 158)=0.74, p=0.48,
n?=0.01): low- (=31, mean 4.92 (SD=17.88)), middle (n=78, 2.73 (SD=4.43)), and high-

quality category (n=52, 3.20 (SD=2.72)).

The average of proportion of patients started CR with family history of CVD comorbidity
was not statistically significant different among quality categories (F(2,
158)=0.30, p=0.74, n?>=0.00): low- (n=31, mean 9.58 (SD=14.50)), middle- (n=78, 11.28

(SD=12.28)), and high-quality category (n=52, 11.69 (SD=11.44)).

The average of proportion of patients started CR with Hypercholesterolaemia /
dyslipidemia comorbidity was not statistically significant different among quality
categories (F(2, 158)=0.58, p=0.56, n?=0.01): low- (n=31, mean 17.21 (SD=22.94)),

middle- (n=78, 15.58 (SD=13.97)), and high-quality category (n=52, 18.74 (SD=15.39)).
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Appendix 13 Does cardiac rehabilitation meet minimum standards: an observational study

using UK national audit?
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ABSTRACT

Objective: To assess the exient by which
progmmmes mest nafional minimum standards for the
delivery of cardia: retehiliafon (CR) as part of the
Nafional Certificafion Programme for Cardiovasaular
Retabiftafion (NGP_CR).

Methods: The anahsis wsed UK Nafonal Audit of
Cardiz Rehabilitation (NACR) data edeced and
walidated for fhe period 201 3-2014 sat against six
NCP_CR meazumes deamed 2= important for the
delivery of high-quality CR programme= Each
progemme fhat achieved a single minimum stan dard
was given @ scors of 1. The range of the scoring for
mesting the minimum standards i babwesn 1 and

. The parformance of GR progemmes was
ategoisad into fies groups: high Ecom of 5-6),
middis (scores of 3-4) and bow (scores of 1-2) Ifa
progemms did not meet any of fhe six critria, they
wers consderal o haw filed.

Results: Dsta from 170 CR progmmmes revealed
aatisfically significant differances amang UK CR
progmmez. The prindpal finding=s wers fhat, hesed
on NCGP_CR criteria, 30.6% ware azsem=ed & high
performance with 45.9% a= mid-lenel

progemmes, 18.2% wee in the lowerdevel and 5.3%
failed 10 mest any of the minimum critera.
Concluslons: Thiz study shows that high levels of
performance i achievable in the era of modem
cardigbogy and that many CR prgrammes ars diass o
mesting high performance gtandards. However,
substaniial variaion, below the recommended
minimum stndands, exists firoughout the LK.
MNafonal cartificafion should be =ean as a posifive sep
to en=ure that patients, imespactive of where they e,

are amessing quality savices.

INTRODUCTION

Cardiovascular disease (CVD) is the number
one cause of death that is globally respomsible
for an esdmated 17.5 million deaths,
A% of all global deaths in 2012" In 2014,
VD cused 27% of all deaths in the UK*® On
the hasis of international guidelines, under-
piomed by Class 1 evidence, cardiac rehabilica-
don ((R) i3 recommendsd @ an effective

What ks already known about his subject?

» Recent clinical review of cardiac rehabiitasion
(CR) highlights fhat CR is highly effective but
wams fhat nat 2l prgrammes are warking 10
#he minimum standards.

What does this study add?
» This s the first study in the UK idenifyin

F;

report fhe edent of deficit in UK CR sanvices.

How might this impact on clinical practice?
h performance i

interventon  for  patents  diagnosed  with
OVDs.® (R is defined as a structred, muli-
component, @ilored interventon that is deliv-
ered by askilled mulidisciplinary ieam * ® The
Britkh  Asochton  for  Cardiovasoular
Prevention  and  Rehabilinion  (BACFR)
recommended minimum sandards, Matonal
Insiimte for Health and Care Excellence
(NICE) clinical guidance and the Mationa
Certification Programme for (R (NCP_CR)
seek o ensure that routine proviion of CR
programmes closely resembles that delivered
by effective dinical il ** The Mational
Aundit of Cardie Rehabiliadon (NACR),
funded by the British Hean Foundadon, & a
dinical andit thar monitors CR services in the
UK in terms of service delivery and patient
outcome,"” According 1o the 2015 NACR
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L, the number of CR p mes delivering core CR
in 2013-2014 was 308" Numerous dinical trials and ss-
ematic reviews have shown the effectiveness of (R over the
Tast 20 years.® "' The updated Cochrane review reporied
that CR is proved o reduce cardiovasoibr mortalitg, hos-
pital admisions in addidon w impoving healthrelaed
quality of Bfe* On the other hand, the concision from
the lagest UKdmsed randomised contolled ia
Rehabilization afier myocardial infarcion il (RAMIT)
of comprehensive CRin the modern era of medical man-
agement showel that CR does not reduce moraliny o
morbidity and has no benefidal effect on paycheosodal well-

or lifestyle,'® RAMIT was included in the Andeson
d al’ eview alongside 62 other riak and did not aler the
overall cardiovacula monaliy benefit. The negative
results of RAMIT appear 1o differ from thote of the Laest
Cochmne reviews. The negative findings of this mial have
also led 1w ek abour the delivery of UKbaeal CR
programmes, ™ ¥ Moreover, a recent clinical review of CR
published in the British Medical foema highlights that CR i
highly effective b warns that not all programmes ae
working to the minimum sandands.'’ The NACR & com-
mitted 1o promotng and supporting qualiy service provi-
sion based on messurable indicators of successful delivery.
The aim of this snuly wes 1o ases the extent by which pro-
grammes meet mtonal minimum standards for the deliv
ery of CR.

METHODS

Data collection

The analyses were conducted usng individual patdent
data collected elecronically by the UK NACR which has
approval 1o collect anonymised patdent data for a range
of dinical varizbles™ Data are collected under 251
approvak that are reviewed annually by the Health and
Soctal Care informaton Cenwe (HSCIC). The audit is
wluntary, collectng local progmmme-level data on the
delivery of CR alongside padentlevel daa on patents
who undergo CR in the UK, including deiadls of the ini-
tating event, weatment type, rik Bctors, medicadon,
patient demographics and preCR dinical outcomes and
pos-CR clinical ouwcomes. The dam from 1 April 2013
o 31 March 2014, which rekies o the first year of the
MCP_CR minimum standards, have been validared and
extracied o support this analysi. Patents were induded
in the analyses i they started (R, had been msessed at
baseline and had follow-up daia al an assessment
posi-CR. This alservational study was reported following
the guidelines of the Sirengthening the Reporting of
Otservational Snulies in Epidemiology (STROBE).

Service dellvery measures

The BACPR-NACR Naional Certficaion Programime
for Cardicvascular Rehabiiadon (NCP_CR) aims o
achieve a minimum level of service delivery acroms the
UK and has clear guidance {available by emailing: edu-
caton@bacpreom) which B based on NACR patient-

level and me-level daa  exiracted as  the

NCP_(R report” The later was used in this smdy to

assess whether a (R p me mel the minimum

service delivery siandards. Within the NCP_CE report,
six feld memures, deemed as imporant for defining
the delivery of high-performance (R programmes, were
used alongside 95% CI as the part of certification cri-
teria derived from all three countries (England, Wales
and Morthern Ireland). The NCP_CR minimum service
delivery criteria used 1o define high-performance CR
progamme was based on NICE guidance and national

UK CR satstc (NACR 2015 report). The criteria

inchuded:

¥ offered wo all priority groups (PG):
= Myocardial infarction (MI)
= Percutanems coronary interventon (PCI)
= Comonary artery bvpass surgery (CARG)
= Heart Eilure (HF)

b 268% of core CR patents with recorded msessment
before sarting formal CR programme (axl)

b =40% of core CR padents (end of (R) with recorded
amemment after completing CR programme (ax2)

» Median waiting tme from referral w s@mrt (TRS) of
CR—MI/PCI (TRS_CR /MIPCI) was within 40 days

» Median waiting time from referral to start of CR—
CABG (TRS_(R/CABG) was within 54 days.

» Median duraion of (R programmes was 54 days for
conventional delivery or 42daw where the Heart
Mamml {an evidence-based Goweek Eaciliaed self
management programme) wa the sole method of
delivery '€ 17

NEP_CR scorng

Each programme that achieved a single minimum stand-
ard was given a score of 1. The range of the scores is
bemween 1 and 6 The performance of (R programmes
was categorsed into three groups: high (scores of 5-6),
middle {scores of 3—4) and low {scores of 1-2). ¥ a pro-
gramme did not meet any of the six criteria, they were
considered 1w have Failed

Etatistical analysis

The analyes were conducted wsing IBM Stadstcal
Package for Social Sciences (SPSS) software statstics V.23
(SPSS, Chicago, Tllinols, TSA). Analses were conducted
using all available daa from CR programme centres
across the UK, 1o minimise selection bis, Programmes
have been aggregated 1o idendfy thoie who met the
minimum eriteria Mean and frequency tables were gen-
erated w0 score the programmes according o the certfi-
cation categories A g% test for asocttion was conducted
bemeen meeting each minimum standard and where the
programme st in the performance group. Data were ana-
Iysed by using one-way analyss of variance (ANOVA) s,
which was conducted 1o determine whether  the
minimum criteria were different among performance
groups. Games-Howell method was conducted while per-
forming ANOVA for multiple comparisons. Pardal

2 Dby P, Salkman A, Furze G, efal Open Hear? 201742000519, Soi-10.1138%ganhri-2016-000513
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Cardiac risk factors and prevention

Table 1 categories
Programme performance

rating Frequency
Poor 9 53
Low El 182
Middle 78 459
High 52 306

have been reported as an effect size. A value of p=0.05
was comsidered satstically significant.

RESULTS
The amlyss wa derived fom 170 CR programmes in
the UK, of which 52 (30.6%) scored 5 or 6, 30 making
them high-performance programmes, Middle perform-
ance programmes being the hrgest group accountng
for 76 progrmmes (45.9%). However, 51 programmes
(18.2%) were mnd.dmd s lowperformance  pro-
Pr & £ G i ane pre-
sented in table 1.

159% was the percentage of progmmmes (27 pro-
grammes) who met all the minimum criteria. 84.1% of
the programmes offering CR were below the scores
required for meeting all minimum criteria.

The percentage of programmes that met each specific
criterion is presented in figure 1.

Assessment 1 (axl) was the hrgest percentage
meeting Reld {724%) on the criteria while tme
from referral o start (TRS) of CR—MI/PCI (TRS_CRS
MIFCI) was the smallest percentage meeting feld
{49.45%).

The edent by which CR programmes met each
minimum standard  among € calegories
varied  dgnificandly {able 2), Axl & the
minimum standard met among the low (5L6%), middle
(7TLEF) and high (98.1%) performance programmes.
On the other hand, the lowest minimum performance
category was for the ypes of patent priority groups
inchuded (9.7%), TRS_CR/MIPCI (43.6%) and Ax2

Priznty Sraupa

(84.&%] among low-performance, middle performance
€ programmes, respectively.

A test for asociadon was conduocted beoween
meeting each minimum sandard and the three per-
formance categories, All expected cell freque ncies were
=5 Ther was a sadsically significant assodation
bemween meetng each gandard and performance cal-
egories, pollB0l at all There was moderale 1o strong
assoctation between meeting each sandad and per-
formance categories (table 2), The PG standard among
performance categories had the largest assodation
{4=0.62) while the duratdon of CR programme standard
had the lowest asoctaion among all categories ($=0.37).

A oneway ANOVA was conducted 1o determine
whether the mean valie of each of the five fields of the
criteria (the five fields: % of axl, % of ax2, medin
walting TRS_(R/MIPCI, median waling TRS_CR/
CABG and median dumton) were different among per-
formance categories, Table 3 shows that the awrage of
the standards in the PROZrAMIm e Was
statitically and sdgnificandy different w either the
middle perf e or high-perf CE PE 5.
When comparing the average sandards in each group,
every standard in the lowperformance progmmmes. was
ouiside the criteda. This differed o the middle per-
formance programmes, where some standards were met
such as the assessments b both referral dmes were
ouiside of the boundaries. The high-per formance pro-
grammes averages all st within the boundaries.

The effect sizes {partial n%) were largest for median
walting dme from referral to start CR programme for
MIPO (TRE_CR/MIPCE and CABG (TRS_CR/CABG)
(019 and 012, respectively) while duradon had the
lowest effect size (0L04).

DISCUSSION

There were 170 CR programmes from  the
patentlevel NACR dam o idendfy those who met the
minimum standards of the NCP_CR. Siatstieally sgnifi-
cant differences were found among UK CR programmes
regarding meeting the minimum sandards in erms of

TRE_CAMNIFC] TAG CRSADS  Cwchan

Bt B el
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Table 2 Fre and of each among

Minimum swmndard Low (31) Middle (78) High (52) Cramer's ¥
PG 2(0.7%) 48 (81.5%) 50 062"

Aot 16 (51.6%) 56 (71.8%) 51 (98.1%) 0.39"

P 7 (22 6%) 45 (57.79%) 44 (84.6%) 0.44°
TRS_CRMIPCI 4(129%) 34 {436%) 45 (885%) 0.55°
TRE_CRICABG 7 (22.6%) 3B (487%) 48 (82.3%) 0.5z
Duration 14 (45.2%) 51 (B5.4%) 48 (32.3%) 037

A, assassnant 1; A2, assessman 2 PG, priorly grou, TRS_ CRACABG, medin waiing line fom mfersl 1o stad of CR—CABG:
TRS_CRMIPCL, CR—MIFCL

median waiing fma fom mieral o gan (TRS) of
“Bc001.

delivery of CR in the UK. The principal finding of this
study was that, based on the NACR data from 2013 1o
2014, only 159% (27 progmmmes out of 170 UK CR
progmmmes) met all the minimum sgandards induded
in the NCP_CR report.” This result depends on the we
of the more lenient interpretation of the report, where
we imed the 95% CI of the annual averages of the
minimum sandards, Using the 95% CI increases the
data range for meeting a particular minimum standard.
Previcusly, CR programmes were required o meet a par-
teubr data cubpoint for the majority of the standards
within the NCP_CR report. B this latter method had sill
been in place, fewer programmes would be dassed as
high performance. This finding agrees with the warning,
given in the recent clinical review of CR published in
the Britkh Madical formal that not all CR programmes
are working o the minimuom sandards."! The resulis of
thi snudy demomsirate the huge vadation in meeting
the minimum s@andards among CR programmes. Ako,
the analysis showed that, within loveperformance
groups, CR is being delivered lter than recommended,
not offered for the PG, not underpinned by preases-
ment and posiasesment and is shorter in duradon
than the recommended minimum standards suggesied
by the BACFR, NICE service CR commissioning guide
and NICE clinical guidance 172* 7 ® Our anaksis
showed that a large proporton of the variance in the
performance groups {38.44% and 19%, respectively) was
amsodated with the minimum standards for offering CR
w PG, and with the dme from referral w CR aart

Table 3 ANOVA with poat hoc results among

among MI/PO patens, Despite having tarifbased
Matonal Health Service funding and NICE clinical
guidelines which define the service specification for the
delivery of CR, this study showed that the performance
of progmmmes in the UK varies significanty in terms of
meeting the recommended minimum standards This
sty & the only UR-specific study that identifies the pro-
porton of programmes. meeting natdonal minimum stan-
dards for the delivery of CR. This smdy accounted for
six service indicator measures that form part of the
NCP_CR report.

This paper shows that high performance is achievable
in the modern candiology era and that many other pro-
grammes deemed as being midlevel performance are
clese o meeting high performance sandards. However,
subsianial unaccepable varaton, below the accepled
minimum standards, exisis. This paper has shown that
NCP_(R criteria are able o differentate the quality of
CR delivery and our findings thus support national cert-
fication is a positve step 1o ensuring that patents, irre-
speciive of where they live, are accessing quality services.

LIMITATIONS

The we of an cbservational approach based on mwou-
tinely collected padent data is a strength in respect of
showing what happens in the reabworkl, but mewrospect-
ive olservadonal studies have known Bmitadons in terms
of data capure and quality. There are 308 CR pro-
gmammes in the UK according to the 2015 NACR

Minimum standard Low (26) Middie (78) High (52) Sig) EffectSize
Axt 68.45%" Tedznt 89.44%; 0.000 009
Az 41.05%° 52253} 83885, 0.001 009
TRS_CRMIPCI s4.30f 4204t 3132t 0.000 019
TRS_CRICABG 61.85° s561t 41807t 0.000 012
Dustion 57.58° 6458 0.031 004
Axl, 1 A2, 2 TRS CRICABG, medan wailing B irom releral to stad of CR—CABG; TRS_CRMIPC, median
waiirg rna fem relaral & stad (TRS) of CR—MUPCL
“Post haa sigriicands Ko nd high gRups, p<O0S.
1Poet hoo significance betwean middle and high pa0.05.
$Post hoo signiicancs amang kow rickle and high Foape, p0.08.
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Cardiac risk factors and prevention

report, b only 170 programmes entered NACR daa
electronically, which was a requirement of this soudy.
Although it can be argued that there are encugh daia 1o
carry oul the anaksis, fumre work should aim o achieve
greater caplure of availble data acress the URL
Although (R programmes are encouragped o provide
complete patent records, it wa expected that a propor-
ton of padent data would be mising due 1w non-
completon of patent recorda On the bask of  the
MNACR data, of all patients whoe completed (R, 32% did
ol have a poatCR asesment recorded, which might
have affected the representativenes of our sample.

CONCLUSIONS

This study amed w idendfy the propordon of pro-
grammed meeting national minimum sandards for the
delivery of CR Only 3% of the UK CR programmes
met the criteria for high-performance CR with a further
I8% seen as low ance and 5% failed 1o meet
any of the criteria. This sudy & the first to evalae CR
against minimum standards and report the exient of
deficit in UK CR services. Further research is required
o investigate the extent of patient outcomes berween
high-performance, middle performance and  low-
performance CR programmes.
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5i8  Condiac rehabiliiaiion

Appendix 14 Do the demographic characteristics and baseline health state of patients vary
in different cardiac rehabilitation performance programmes?

IR 1.4, 5% CI 1.4—-32 p=0u017) and lving alone (DA 2.9, 05% CI 16-50
=000 )
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Appendix 15 To what extent is the variation in cardiac rehabilitation quality associated with
patient characteristics?
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Appendix 16 The New Investigator Award from the British Association for Cardiovascular
Prevention and Rehabilitation (BACPR).
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Appendix 17 Smoking outcome results between quality categorises

Quality groups: 95% criteria using NACR 2017 averages for (2013-2016)

Quality groups | Number of smoker patients | Percent
Low 346 10.5
Middle 1805 54.9
High 1043 31.7
Total 3194 97.1
Missing 96 2.9
Total 3290 100.0

Smoking categorisation groups among quality groups

Quality groups | Smokers Quitters Total
Low 217 (62.7%) | 129 (37.3%) | 346

Middle 1089 (60.3%) | 716 (39.4%) | 1805
High 670 (64.2%) | 373 (35.8%) | 1043
Total 1976 (61.9%) | 1218 (38.1%) | 3194
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Summary of multiple regression analysis clustered by quality groups ((high quality as reference)

Variable (N) Unstandardised Standardised 95% ClI Effect size
coefficients coefficients
B S.E. Beta Sig. Lower Upper
Weight (n=2,299) Constant 0.32 0.29 0.27 -0.25 0.89 0.01
Baseline weight 0.99 0.00 0.99 0.00 | 0.99 1.00
Smoking 0.42 0.11 0.01 0.00 | 0.21 0.63
Low quality 0.20 0.19 0.00 0.29 | -0.17 0.57
Middle quality -0.05 0.12 0.00 0.67 | -0.28 0.18
BMI (n=2,204) Constant 0.22 0.12 0.06 | -0.01 0.45 0.01
Baseline BMI 0.99 0.00 0.99 0.00 | 0.98 0.99
Smoking 0.17 0.04 0.02 0.00 | 0.09 0.25
Low quality 0.04 0.07 0.00 0.53 | -0.09 0.18
Middle quality 0.02 0.04 0.00 0.68 | -0.07 0.10
Waist (n=915) Constant 4.41 0.85 0.00 2.75 6.06 0.00
Baseline waist 0.95 0.01 0.97 0.00 | 0.94 0.97
Smoking 0.01 0.23 0.00 0.95 | -0.44 0.46
Low quality 0.16 0.36 0.00 0.65 -0.54 0.87
Middle quality 0.06 0.23 0.00 0.78 -0.38 0.51
Alcohol consumption (775) Constant 5.30 1.16 0.00 | 3.03 7.58 0.01
Baseline alcohol consumption | 0.55 0.02 0.72 0.00 | 0.51 0.59
Smoking -1.20 0.69 -0.04 0.08 -2.55 0.15
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Low quality -1.12 1.33 -0.02 0.40 | -3.73 1.49
Middle quality -0.16 0.76 -0.01 0.84 | -1.65 1.34
HADS anxiety score (1558) Constant 1.62 0.28 0.00 | 1.07 2.17 0.02
Baseline HADS anxiety score 0.77 0.02 0.76 0.00 | 0.74 0.80
smoking -0.73 0.15 -0.08 0.00 | -1.03 -0.44
Low quality 0.19 0.24 0.01 0.42 -0.27 0.66
Middle quality -0.09 0.16 -0.01 0.58 | -0.41 0.23
HADS depression score (1527) | Constant 1.30 0.26 0.00 | 0.79 1.80 0.01
Baseline HADS depression | 0.74 0.02 0.74 0.00 | 0.71 0.78
score
smoking -0.56 0.15 -0.07 0.00 | -0.85 -0.28
Low quality 0.26 0.22 0.02 0.25 | -0.18 0.70
Middle quality -0.31 0.15 -0.04 0.04 | -0.61 -0.01

B=unstandardised regression coefficient; Beta=standardized coefficient; BMI, body mass index; Cl=Confidence Interval for unstandardised regression coefficient; CR,
cardiac rehabilitation; HADS, hospital anxiety and depression scale; n=Number of patients; S.E.=standard error of the coefficient. *p<0.05 (bold text).
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Summary of multiple regression analysis clustered by quality groups (physical activity outcome)

Physical activity outcomes

Smokers (%)

Quitters (%)

Improve No change Worsen Improve No change Worsen

Low

A 150 mins/week (moderate) (N=241) 16.7 79.4 3.9 57.4 39.3 3.3

A 75 mins/week (vigorous) (N=134) 14.0 81.4 4.7 37.5 56.3 6.3
Middle

A 150 mins/week (moderate) (N= 1025) 34.9 61.3 3.9 44.2 52.1 3.7

A 75 mins/week (vigorous) (N=930) 195 78.1 25 27.1 69.3 3.6
High

A 150 mins/week (moderate) (N= 599) 34.7 56.7 8.6 36.8 58.5 4.7

A 75 mins/week (vigorous) (N= 531) 17.0 80.6 2.4 213 76.3 2.5

A, change; %, percentage
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Appendix 18 Summary of binomial logistic regression analysis (original data) clustered by centre (adjusted for 86 clusters)

B Robust p OR 95% CI for OR
SE Lower Upper

Age -0.01 0.01 0.21 0.99 0.97 1.01
Marital status (single) -0.52 0.16 0.00* 0.60 0.43 0.82
Employment status (Retired as reference)

Employment status (employed) 0.10 0.26 0.69 1.11 0.67 1.84
Employment status (unemployed) -0.20 0.28 0.48 0.82 0.48 1.42
Cardiovascular risk (high as reference)

Cardiovascular risk (low) 0.54 0.21 0.01* 1.71 1.14 2.57
Cardiovascular risk (moderate) 0.14 0.19 0.45 1.15 0.80 1.66
Comorbidities -0.13 0.06 0.02* 0.88 0.79 0.98
Weight 0.01 0.00 0.18 1.00 1.00 1.02
HADS anxiety score 0.03 0.03 0.32 1.03 0.97 1.09
HADS depression score -0.06 0.03 0.06 0.95 0.89 1.00
Constant -0.63 0.92 0.50 0.53 0.09 3.23

B=unstandardised regression coefficient; Cl=Confidence Interval for odds ratio; HADS, hospital anxiety and depression scale; OR, odds ratio. S.E.; standard error of the
coefficient. *p<0.05 (bold text).
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Appendix 19 Summary of binomial logistic regression analysis (expectation maximisation data) clustered by centre (adjusted for 90 clusters)

B Robust p OR 95% CI for OR
SE Lower Upper

Age -0.01 0.01 0.31 0.99 0.97 1.01
Marital status (single) -0.52 0.15 0.00* 0.60 0.44 0.81
Employment status (Retired as reference)

Employment status (employed) 0.13 0.22 0.58 1.13 0.74 1.73
Employment status (unemployed) -0.09 0.29 0.77 0.92 0.52 1.62
Cardiovascular risk (high as reference)

Cardiovascular risk (low) 0.61 0.21 0.00* 1.83 1.23 2.74
Cardiovascular risk (moderate) 0.27 0.19 0.17 1.31 0.89 1.91
Comorbidities -0.16 0.05 0.00* 0.86 0.77 0.95
Weight 0.01 0.00 0.06 1.01 1.00 1.01
HADS anxiety score 0.02 0.03 0.41 1.02 0.97 1.08
HADS depression score -0.05 0.03 0.07 0.95 0.90 1.01
Constant -0.90 0.81 0.27 0.41 0.08 1.98

B=unstandardised regression coefficient; Cl=Confidence Interval for odds ratio; HADS, hospital anxiety and depression scale; OR, odds ratio. S.E.; standard error of the
coefficient. *p<0.05 (bold text)
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Appendix 20 Summary of multiple regression analysis clustered by centre

Variable (N) Unstandardised coefficients 95% ClI
B Robust S.E. Sig. Lower Upper

Weight (n=2,380) adjusted for 133 clusters | Constant 0.75 0.25 0.00 0.26 1.24

Baseline weight 0.99 0.00 0.00 0.99 1.00

Smoking 0.43 0.12 0.00* 0.20 0.66
BMI (n=2,275) adjusted for 130 clusters Constant 0.41 0.10 0.00 0.22 0.61

Baseline BMI 0.99 0.00 0.00 0.98 0.99

Smoking 0.18 0.05 0.00* 0.10 0.27
Waist (n=929) adjusted for 90 clusters Constant 4.52 0.68 0.00 3.17 5.86

Baseline waist 0.95 0.01 0.00 0.94 0.96

Smoking 0.05 0.23 0.83 -0.40 0.50
Alcohol consumption (784) adjusted for 103 | Constant 3.85 0.69 0.00 2.50 5.21
clusters . .

Baseline alcohol consumption 0.56 0.05 0.00 0.45 0.67

Smoking -1.34 0.84 0.11 -3.01 0.33
HADS anxiety score (1592) adjusted for 122 | Constant 0.86 0.12 0.00 0.62 111
clusters . .

Baseline HADS anxiety score 0.77 0.02 0.00 0.73 0.80

smoking -0.75 0.17 0.00* -1.08 -0.42
HADS depression score (1562) adjusted for | Constant 0.64 0.13 0.00 0.38 0.89
125 clusters . .

Baseline HADS depression score 0.74 0.02 0.00 0.69 0.78
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smoking -0.58 0.15 0.00* -0.88 -0.28

B=unstandardised regression coefficient; Beta=standardized coefficient; BMI, body mass index; Cl=Confidence Interval for unstandardised regression coefficient; CR,
cardiac rehabilitation; HADS, hospital anxiety and depression scale; n=Number of patients; S.E.=standard error of the coefficient. *p<0.05 (bold text)
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Appendix 21 Abbreviations

% Percentage/Proportion

American Association Of Cardiovascular And Pulmonary

AACVPR
Rehabilitation
ACC American College of Cardiology
AHA American Heart Association
ARR Absolute Risk Reduction
Ax1 A Recorded Assessment Before Starting Formal CR Programme
Ax2 A Recorded Assessment After Completing CR Programme
British Association For Cardiovascular Prevention And
BACPR
Rehabilitation
BHF British Heart Foundation
BMI Body Mass Index
BP Blood Pressure
CABG Coronary Artery Bypass Surgery
CATs Critical Appraisal Tools
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CHD

Cl

CvD

DBP

ESC

HF

HR

JBS3

LVEF

Max

MDT

MI

Min

NCP_CR

Coronary Heart Disease

Confidence Interval

Cardiovascular Disease

Diastolic Blood Pressure

European Society of Cardiology

Heart Failure

Hazard Ratio

3rd iteration of the Joint British Societies

Left Ventricular Ejection Fraction

Maximum

Multidisciplinary Team

Myocardial Infarction

Minimum

National Certification Programme For Cardiovascular

Rehabilitation
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NHS

NICE

NNT

OR

PCI

PEDRO

PG

POST-CR

PRE-CR

PTCA

RAMIT

RR

SBP

SD

SE

National Health Service

National Institute For Health And Care Excellence

Number Needed To Treat

Odds Ratio

Percutaneous Coronary Intervention

Physiotherapy Evidence Database

Priority Groups

After Cardiac Rehabilitation

Before Starting Cardiac Rehabilitation

Percutaneous Transluminal Coronary Angioplasty

Rehabilitation After Myocardial Infarction Trial

Relative Risk

Systolic Blood Pressure

Standard Deviation

Standard Error
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TRS_CR/CABG

TRS_CR/MIPCI

u.S.

UK

WHO

Median Waiting Time From Referral To Start Of Cardiac

Rehabilitation After Coronary Artery Bypass Surgery

Median Waiting Time From Referral To Start Of Cardiac
Rehabilitation After Myocardial Infarction Or Percutaneous

Coronary Intervention

United States

United Kingdom

World Health Organization
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