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Abstract 

Background 

Cardiac rehabilitation (CR) programs support patients recovering from cardiac 

surgery or a serious cardiac event such as a myocardial infarction (MI). These 

secondary prevention programs have become an integral part of healthcare for such 

patients, with automatic referral processes in place throughout Australian hospitals. 

However CR programs are currently applied primarily as cardiologic follow-up 

interventions. Despite the importance of such clinical follow-up, little or no evidence 

is currently available regarding a comprehensive outpatient CR program built within 

the context of clinical and exercise physiology principles. 

 

Objective 

The NICER project aims to: determine the links between MI history and the most 

common comorbidities seen in CR populations, and trends in physiologic and 

functional capacity outcomes post-intervention; provide in-depth insights into patient 

perceptions of barriers to exercise participation and their personal lived-experience 

with their health status; and establish the safety and effectiveness of a novel CR 

intervention based on essential clinical and exercise physiology principles and 

comprising multiple newly developed elements. 

 

Methods 

Retrospective review of patient data from Westmead hospital was undertaken, 

comprising all patients (n = 4202) who attended the outpatient CR program between 

January 2000 and December 2011, with the aim of clarifying the influence of MI 

history and comorbidities on clinical outcomes. The barriers to rehabilitation 
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questionnaire (BARE-Q) was administered to patients (n = 28) attending the 

outpatient CR programs at Westmead and Mt Druitt hospitals, to reveal insights into 

the patients’ personal lived-experience with their health and healthcare. An 

observational pilot study of the NICER intervention was undertaken in patients (n = 

14) attending the outpatient CR program at Mt Druitt hospital, with the objective of 

evaluating the initial safety and effectiveness of the intervention. Novel elements 

comprising the intervention included a patient classification system, pre- and post-

program outcomes testing protocols, an aerobic exercise prescription matrix, an 

exercise periodisation strategy, exercise technique and functional breathing training, 

a patient motivation strategy, and an integrated patient education and goal setting 

program. Statistical analysis involved binary and multinomial logistic regression, one-

way and two-way ANOVA/MANOVA, Pearson’s correlation, and theme analysis, as 

appropriate. 

 

Results 

Retrospective data analysis showed that patient MI history, pre-program resting 

SBP, age, BMI and metabolic syndrome comorbidity clustering were all found to 

influence clinical outcomes, with these trends suggesting that some current 

generalisations as to the effects of exercise on resting and peak physiology 

outcomes may not be applicable within the context of CR. Interval training (IT) based 

CR appears to normalise resting SBP post-program, while increasing peak HR and 

peak SBP in all subgroups. Results from the BARE-Q study revealed that patients 

who felt more involved with the planning of their healthcare generally also felt they 

understood their condition better and less limited by fatigue to participate in exercise, 

but also felt that their health significantly limits their activities of daily living and 
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participation in desirable lifestyle activities. Limited patient knowledge of exercise 

and a poor exercise history, as well as pain and fatigue, were rated by BARE-Q 

responders as important barriers to exercise adherence, in addition to time and cost 

restraints. Goal setting and enhancing long-term support mechanisms were found to 

be important areas for improvement based on BARE-Q data. Clinical pilot results 

from the NICER intervention demonstrate the approach to be safe and effective in 

delivering significant adaptations in resting and peak physiology and functional 

capacity outcomes. Novel elements comprising the NICER framework therefore 

warrant further research and validation studies aiming to conclusively demonstrate 

the effectiveness of this novel approach and CR-specific components. 

 

Conclusions 

Comparisons of clinical outcomes based on pre-program resting SBP demonstrate 

that interval training normalises resting SBP (i.e. reducing or increasing blood 

pressure, in hyper- and hypotensive patients respectively), and revealed other 

important trends in resting and peak physiologic outcomes. The additional 

application of comorbidity classifications demonstrated an important interaction of 

these factors with MI history in grading peak physiologic changes. Limited patient 

knowledge and poor experiences with exercise, along with pain and fatigue, were 

shown to be significant patient-perceived barriers to exercise adherence. Improved 

goal setting and long-term maintenance planning were identified as important 

measures towards enhancing patient adherence to exercise. The NICER pilot 

demonstrated this cardiac rehabilitation intervention to be safe and feasible. The 

NICER model provides a comprehensive approach to CR practice based on clinical 

and exercise physiology principles.   
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Chapter 1:  
Overview of the study 
 

1.1 Introduction 

Cardiac rehabilitation (CR) is a clinical intervention which aims to improve the health 

and self-management of patients with a history, or at risk, of serious cardiovascular 

disease. The over-arching aims of the present research project were to rationalise, 

develop and trial a CR intervention based on the principles of clinical and exercise 

physiology. This project comprised retrospective data reviews (10 total) and 

prospective studies, including a qualitative questionnaire and a non-randomised 

observational pilot study. The chapter begins with a brief consideration of the 

research problem and objectives, as well as the significance of the project within the 

context of CR. 

 

1.2 The Research Problem 

Clinical outpatient CR programs have been investigated extensively in recent years 

[1, 2]. However as with the research investigating clinical CR programs, the 

interventions themselves are most often structured from a cardiologic perspective. 

While the importance of such follow-up is not the subject of debate, the purpose and 

implementation of outpatient CR interventions may also be viewed from a 

rehabilitation specific perspective, encompassing fundamental clinical and exercise 

physiology principles. With this view, several potential gaps in current CR practice 

emerge. These include: 

1. Patient classification based on risk stratification and exercise prescription 

considerations; 
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2. Psychosocial elements which integrate patient education and motivation 

within CR sessions, streamlining the process and maximising opportunity; 

3. Exercise prescription protocols which cater for the wide variety of different 

primary presentations and comorbidities typically seen in CR; 

4. Functional capacity assessment protocols specifically designed for the CR 

setting as opposed to the current use of cardiologic assessments of a 

diagnostic and/or prognostic nature. 

 

In order to address the above gaps in clinical CR practice, the current project 

includes four distinct components, each designed to provide additional perspective to 

the above context. A thorough literature review (refer to Chapter 2) provides the 

basic framework for discussion of outpatient CR programs in subsequent research 

phases. The retrospective reviews of outpatient CR data from Westmead hospital 

further reinforce the key elements developed in the literature review (refer to 

Chapters 4-13), and allow the refinement of findings from earlier research relating to 

the effects of various cardiovascular and metabolic presentations on clinical patient 

outcomes.  

 

The above context is then further refined through a qualitative survey of outpatient 

CR program participants from both Westmead and Mt Druitt hospitals (refer to 

Chapter 14). This phase provides valuable patient perspectives to expand on the 

data examined during the initial literature and retrospective reviews. The above three 

phases of the project will yield an extensive framework allowing a better 

understanding of the current outpatient CR context, particularly in relation to aerobic 

IT-based exercise interventions. 
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Having established this clinical context, the final study comprised a twelve-month 

clinical observational pilot study, applying a novel outpatient CR intervention (NICER 

protocol) at a single public hospital (Mt Druitt) in Sydney, Australia. Whilst the NICER 

intervention comprised various components as detailed later, the primary aim of this 

pilot feasibility study was to deliver enhanced clinical outpatient CR outcomes based 

on exercise physiology considerations. At the conclusion of the current project, an 

initial indication of NICER intervention safety and feasibility was established (refer to 

Chapter 15). 

 

 

1.3 Significance of the Project 

The significance of the current project stems from the presentation of a novel CR 

approach based on the rehabilitation specific principles of clinical and exercise 

physiology, rather than the cardiologic follow-up perspective typical of current CR 

practice, as well as demonstrating novel trends in clinical outcomes not reported 

elsewhere within the literature. 
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1.4 Structure of the Thesis 

1.4.1 Retrospective Review 

A retrospective review of data from the outpatient CR intervention at Westmead 

hospital for the period between January 2000 and December 2011 was conducted 

(refer to Chapters 4-13). The overall aims of this review were: 

1. Report on the available demographic data, including overall sample 

characteristics, program drop-out rates, primary diagnoses and history of 

myocardial ischemia, and other documented comorbidities and diagnoses of 

relevance; 

2. Evaluate the effects of current practice on outcomes by comparison of clinical 

measures, including: 

a. Weight and body mass index (BMI) 

b. Resting and peak heart rate 

c. Resting and peak blood pressure 

d. Exercise stress test (EST) functional capacity outcomes 

3. Refine evidence previously gathered for the differential effects of pre-program 

clinical measures (e.g. BMI and SBP) and conditions other than primary 

cardiac diagnoses (e.g. hypertension, hypercholesterolemia, obesity, and 

diabetes) on clinical patient outcomes. 
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1.4.2 BARE-Q Qualitative Study  

A qualitative study comprising a patient questionnaire (the barriers to rehabilitation 

questionnaire or BARE-Q) was conducted at the Westmead and Mt Druitt hospital 

outpatient CR programs (refer to Chapter 14). The overall aims of this qualitative 

study of patients were: 

1. Describe the primary patient-perceived exercise barriers (Section A) 

2. Describe patients’ experiences of pain and fatigue symptoms (Section B) 

3. Describe the self-management strategies employed by patients (Section C)  

4. Describe patient perceptions of cardiac healthcare chain (Section D) 

5. Describe patients’ lifestyles & activities of daily living (Section E)  

 

1.4.3 NICER Clinical Pilot Study 

A twelve-month observational pilot study was conducted at the Mt. Druitt Hospital 

outpatient CR program to investigate the effectiveness of a novel outpatient CR 

program (refer to Chapter 15). The overall aims of this pilot study were: 

1. Develop and test clinical physiology techniques with the specific aims of: 

a. Developing patient assessment techniques that are relevant to the 

typical CR population and common presentations; 

b. Developing an outcome assessment methodology in line with the 

above, which facilitates improved reporting of outcomes for individual 

patients and the program overall. 

2. Develop and test exercise physiology and exercise psychology 

techniques: 

a. Developing and testing a classification system for patients attending 

centre-based outpatient CR programs; 
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b. Develop an exercise-specific patient education program (appropriate 

breathing, warm-up, cool-down, exercise technique and posture); 

c. Developing a model for the application of combined endurance and 

interval training, and evaluating the benefits of this combination, 

specifically relating to improved exertion and recovery parameters.  
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Chapter 2:  
Review of Literature 
 

2.1 Overview 

 

2.1.1 Role of Cardiac Rehabilitation (CR) 

 

Preventive approaches to healthcare have emerged as central features in many 

areas of modern medicine. In no area of healthcare is this more obvious than in the 

management of cardiovascular disease (CVD). The effectiveness of preventive 

strategies in addressing CVD incidence, prevalence, and burden on the individual 

and social level, has seen cardiac rehabilitation (CR) become recognised as an 

important secondary prevention strategy in the management of CVD in Australia and 

abroad. Large studies have shown that CR exercise interventions can reduce the 

risk of death following a major cardiac event by around 25-30% [1]. A large review [2] 

comparing exercise only, diet only, and combined interventions on diabetes 

incidence and risk factors concluded that while each type of intervention similarly 

decreased diabetes incidence, significant improvements in weight, BMI (body mass 

index), and waist circumference were demonstrated by the combined exercise and 

diet intervention than either type of intervention in isolation. 
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2.1.2 Guidelines for CR Practice 

 

National and international strategies relating to prevention of CVD have developed 

into modular recommendation frameworks. The National Heart Foundation of 

Australia (NHF), Australian Cardiac Rehabilitation Association (ACRA), Cardiac 

Society of Australia and New Zealand (CSANZ), and Exercise & Sports Science 

Australia (ESSA) are among the peak bodies involved in developing the CR 

framework locally. CR programs aim to support and shorten recovery periods 

following an acute cardiac event, promote long-term prevention strategies, 

encourage positive behaviour change and self management, and promote 

compliance with medications and professional advice [3]. The scope of CR extends 

from phase one or inpatient services (mobilisation, education and counselling) to 

comprehensive outpatient rehabilitation (phase two) and long-term maintenance 

(phase three) programs. This is summarised in Table 2.1 below. The defined core 

group of presentations for which CR is currently recommended includes ischemic 

heart disease and acute myocardial infarction (MI), post-revascularisation surgeries 

(angioplasty, stent, coronary artery bypass graft or CABG), stable or unstable 

angina, and controlled congestive heart failure (CHF). Whilst patients with increased 

risk factors such as hypertension, hypercholesterolemia, or diabetes may also be 

referred to outpatient CR, the core group of presentations mentioned form the main 

focus of recommendations in the current CR framework [3].  

 

2.1.3 Variability in Current CR Practice 

Outpatient CR programs can contain significant differences in terms of programming, 

access, and resources. Thus outcomes in CR settings are quite variable, and it is 
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important to consider the potential scope for this variability. Automatic referral of 

relevant patients to outpatient CR programs in the US, for example, lagged slightly 

behind the implementation of the measure in Australia [4]. Patient referral to an 

appropriate CR program is one of the key requirements in an effective CR 

framework. However, even with enhanced referral in Australia, patient compliance 

remains a concern. Across the Hunter New England area in NSW during the last six 

months in July 2007 for example, only 48% of patients referred to a CR program 

went on to enrol, with just 35% of all those referred going on to complete an 

outpatient program [5].  

 

Table 2.1 - Phases of cardiac rehabilitation  

(Source: NHF & ACRA, 2004) 

   
Inpatient Outpatient Ongoing Prevention 

Mobilisation and 
resumption of activities of 

daily living 

Low-moderate intensity 
physical activity program  
(minimum of 6 sessions, 
weekly or twice weekly). 

Regular physical activity 

Basic information, 
education and counselling 

(reassurance and 
explanation of cardiac 

condition and treatment, 
psychological issues, 

symptom management) 

Education, discussion and 
counselling        

(cardiovascular anatomy, 
risk factors, healing 

process, psychological 
issues, symptom control) 

Supporting concordance 
with goals of medical 

therapy, including 
medications (coordinated 

chronic disease 
management) and 

maintenance of behaviour 
change (smoking 
cessation, regular 

exercise) 

Discharge planning, 
referral to outpatient 

program 

Discharge planning, 
referral to ongoing 

prevention program 
  

 

 

Practitioner concordance with best practice standards is another potential contributor 

to CR outcome variability. A review of concordance to national guidelines within the 

inpatient CR setting in Australia [6] found that concordance with different areas of the 

inpatient guidelines in Australia varied considerably. New approaches to this issue in 
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outpatient CR are emerging, with computerised decision-support systems shown to 

be useful in enhancing practitioner concordance [7]. Recent health planning 

suggests that outpatient CR programs will also vary in length, type and content 

based on patient needs (which is ideal) as well as resource availability [5]. Based on 

current CR guidelines locally [3], outpatient CR should comprise a minimum of six 

sessions, either once per week (therefore giving a program duration of six weeks) or 

twice per week (yielding a minimum recommended duration of three weeks).  

 

However such recommendations vary significantly from the timeframes of many 

published reports, and studies reported in the literature often utilise training 

programs of longer periods. One protocol [8] utilised a three-month (12 week) 

program, with three sessions per week of endurance training (ET), when reporting on 

pulmonary efficiency and heart rate recovery benefits of this modality. The ELVD-

CHF study [9] utilised a six month (24 week) intervention program when reporting on 

the LV-remodelling benefits of ET in CHF patients. Thus comparisons of intervention 

outcomes between clinical practice and research investigations may be an added 

confounding factor in the interpretation of any variability in outcomes. Another factor 

likely contributing to outcome variability in outpatient CR relates to the non-specific 

nature of current recommendations with regard to clinical considerations such as 

patient classification, exercise assessment and prescription, as well as psychosocial 

factors including motivation. Varibaility in these dimensions of intervention 

programming lead to a greater range of programming options and differences. Each 

of these facets will now be discussed in more detail. 
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2.2 Risk Stratification & Patient Classification 

 

2.2.1 Major risk factors for cardiovascular disease (CVD) 

Many of the presentations attending outpatient CR are closely associated with 

atherosclerosis and endothelial cell dysfunction. Endothelial dysfunction and cell 

injury are thought to be the initial stages of the pathogenesis of atherosclerosis. 

Among the potential triggers of endothelial cell injury are risk factors such as age 

(especially women over 55), family history, obesity, hypertension, smoking, 

dyslipidemia, low HDL, and diabetes [10]. These risk factors have been known for 

some time.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 – Timeline of major milestones during the Framingham study. 

Source: O’Donnell & Elosua, 2008. 
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The most comprehensive longitudinal research on cardiovascular disease risk 

factors is known as the Framingham study [11]. This study was begun in 1948, and 

many updates to the findings have been published since. Figure 1.1 above 

summarises the acknowledgement of individual risk factors in the form of a timeline. 

Many other independent studies have also confirmed the impact of these same risk 

factors. The SHIELD study [12] confirmed that patients with atherosclerosis were at 

a higher risk (25%) of a serious cardiac event. Data from the NOMAS study [13] 

reinforced the fact that LDL in particular may be strongly associated with carotid 

plaque.  

 

All of these risk factors are acknowledged in current recommendations and 

guidelines in Australia [3]. In addition to these, it is also recognised that the risk of an 

MI or other serious cardiac event is higher in males and females with a prior MI and 

family history [14]. This makes the differentiation of MI history in CR practice and 

research settings important, and is included as part of hypothesis 2 in the current 

retrospective review studies by way of the differentiation between MI and non-MI 

patients. Furthermore, CR patient populations may comprise patients with any 

combination of the above risk factors. Given the potential for such variable and 

complex presentations within an outpatient CR setting, it is reasonable to conclude 

that risk stratification and patient classification may be both necessary (as no such 

systems currently exist) and beneficial in both outpatient CR programs and research 

investigations. These points are important to the present hypotheses of the 

retrospective reviews (Chapters 4-13) and the NICER study (Chapter 15). The 

potential benefits may include more specific exercise prescription, tailored to the 

needs of subgroups of patients within CR programs with common clinical needs. 
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2.2.2 Main cardiovascular and metabolic comorbidities seen in CR 

 

Many of the complications and comorbidities seen in CR can be linked with damage 

to the coronary arteries, particularly the endothelial cell layer. Endothelial dysfunction 

leads to reduced nitric oxide (NO) dependent vasodilation within the coronary 

arteries, and this is likely the result of inadequate NO release by the injured 

endothelia [15]. Furthermore damage to coronary endothelia is compounded by 

hypertension (particularly where systolic blood pressure is above 130 mmHg), which 

in turn further reduces coronary vasodilation in response to NO dependent auto-

regulation. Sedentary behaviour may lead to the endothelial-independent vasodilator 

mechanisms becoming more active as a means of compensating for abnormal small 

vessel auto-regulation. Thus in patients with a sedentary lifestyle, central (coronary) 

and peripheral circulation may be significantly compromised. The main 

cardiovascular and metabolic factors impacting on CR presentations and MI risk are 

therefore worthy of detailed consideration. 

 

One of the most important factors influencing both cardiovascular and metabolic 

comorbidities is glycaemic control, with updated views on the measurement of this. A 

recent retrospective review [16] suggests that HbA1c should be used as an indicator 

of diabetes mellitus (DM) and CVD risk in adults. Inadequate glycaemic control has 

been linked to endothelial cell injury and thus further potential reductions in coronary 

circulation subsequent to atherosclerosis advancement. Elevated blood glucose 

increases the glycation of proteins, particularly lysine residues, leading to an altered 

metabolism of these intermediates (termed advanced glycation end-products or 

AGEs). The glycation of haemoglobin to form HbA1c is an example of this process. 
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Receptors for AGEs (or RAGEs) are expressed on endothelial cells. These receptors 

trigger inflammatory responses within blood vessel walls, exacerbating the 

atherosclerotic process. Thus poor glycaemic control may significantly impact 

cardiovascular and cerebrovascular risk [17], particularly since poor glycaemic 

control is also associated with increased serum LDL cholesterol levels [18], an 

established independent risk factor as discussed in detail later. 

 

2.2.3 The importance of metabolic syndrome (MetS) 

The impact of different combinations of various metabolic conditions on cardiac 

presentations and CR outcomes necessitates a discussion of Metabolic Syndrome 

(Met-S), to reinforce the analysis called for in hypothesis 2 of the retrospective 

studies. This is particularly true since the prevalence of Met-S in an American 

population of CR patients [19] (for example) was more than twice that in the general 

population. Met-S may at present be defined as a cluster of conditions including 

hypertension, central obesity, low HDL-cholesterol, high-LDL cholesterol, as well as 

increased serum triglycerides and fasting blood glucose [20-22]. However Met-S 

definitions are numerous and Table 2.2 summarises these. A prospective study [23] 

of patients in Italy with intermittent claudication, with or without Met-S suggested that 

the International Diabetes Federation (IDF) definition of Met-S, but not the ATP-III 

criteria, may predict increased cardiovascular risk in patients with symptoms of 

intermittent claudication typical of peripheral vascular disease (PVD). Given that 

three of five conditions are required to diagnose Met-S based on either the ATP-III or 

IDF criteria (with ethnicity-specific waist circumference mandatory in the IDF criteria), 

the authors point out that there are 16 possible combinations of Met-S under the 

ATP-III criteria and 11 based on the IDF framework. 
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The differential impact of each of these combinations on cardiovascular risk has not 

been established to date. This point was touched upon in one study [24] which 

highlighted that the sample size in their study prevented the precise determination of 

the role of different Met-S components in increased coronary artery disease (CAD) 

and PVD risk. Another study of patients with CAD and Met-S [25], investigating the 

association between these conditions and PVD, showed that while the study reports 

no significant difference in the prevalence of Met-S between patients with and 

without PVD in association with CAD were found, the authors also point out that this 

result was influenced by the make-up of their sample. Therefore while the data 

suggests that Met-S had no significant impact on the coincidence of PVD with CAD, 

the subgroups were not representative of the general population. This means that 

the lack of evidence for a real impact of Met-S on risk for CAD and PVD may be a 

false negative finding. Furthermore, the authors [25] note that Met-S prevalence was 

higher in men than in women within the study. Such findings (and others highlighted 

later) demonstrate the importance of including gender (as in hypothesis 1 of the 

retrospective studies) and metabolic comorbidities in CR and research contexts. 

 

2.2.4 Defining MetS 

Emerging opinions on Met-S classification seems to suggest that the ATPIII criteria, 

in both the original and revised forms, may not be reliable. For example, the results 

of the RIVANA study from Spain suggest that Met-S (as defined by the original 

ATPIII criteria) is not better than its individual components in predicting 

cardiovascular risk (carotid stenosis, increased LV mass in older community-dwelling 

persons over 65 years [26].  
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Table 2.2 - Definitions of metabolic syndrome derived from various guidelines. 

    

 
WHO (1998) NCEP ATP III (2001) IDF (2005) 

Insulin Resistance 
IGT, IFG, T2DM, lowered 
insulin sensitivity, plus 
any 2 of the following 

None - but any 3 of the 
following 

None 

Body Weight 
Men: WHR > 0.9;        

Women: WHR > 0.85 
and/or BMI > 30 kg.m-2 

Waist circumference 
greater or equal to          
102 cm in men or                
88 cm in women 

Increased waist 
circumference plus any 2 

of the following 

Lipids 
TGL > 150 mg/dL and/or 
HDL < 35 mg/dL in men 

or < 39 mg/dL in women 

TGL > 150 mg/dL,              
HDL < 40 mg/dL in men              

or < 50 mg/dL in women 

TGL > 150 mg/dL,              
HDL < 40 mg/dL in men 
or          < 50 mg/dL in 
women or on HDL-Rx 

Blood Pressure > 140/90 mmHg > 130/85 mmHg 
> 130/85 mmHg or on 

hypertension Rx 

Glucose IGT, IFG, or T2DM 
>110 mg/dL including 

DM 
> 100mg/dL 

Other Microalbuminuria     

 

However, females with Met-S and younger than 65 showed an elevated risk of LV 

hypertrophy, but this was not the case in males where abdominal obesity was a 

better predictor. The INTERHEART study [27] of patients from 52 different nations 

also suggested that Met-S was no better as a predictor of MI than its components 

like DM and hypertension (based on the revised ATP III criteria). Findings [28] of the 

Tehran Lipid and Glucose (TLG) study of patients (n = 4018) followed up for 6.7 

years seem to confirm the results of the RIVANA and INTERHEART studies. 

However in the TLG study, the 2003 ADA criteria for defining diabetes were tested 

against the revised ATP-III criteria for Met-S, concluding that Met-S was no better a 

predictor of CVD risk than diabetes. 

 

A recent review [29] argued for the importance of ethnicity in developing definitions 

of Met-S. Such opinions would in turn lead to local definitions of Met-S applicable to 

particular populations. The author goes on to argue that whilst various Met-S 
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definitions may not have proven to be more reliable predictors than their individual 

components, one of the favourable attributes of the concept of a Met-S definition is 

the facilitation of risk classification independent of age. Furthermore, the author 

argues that the central factor to any Met-S definition should be obesity, since it is a 

risk factor for other potential Met-S components (e.g. T2DM, hypertension, 

dyslipidemia). The opinion of this author [29] with regard to the importance of 

ethnicity in defining Met-S is not unique. Work has been ongoing in Japan to develop 

a Met-S definition that is more specific to their population. One study [30] tested 

several different criteria-sets, including the IDF, ATPIII, and Japanese criteria, and 

concluded that the Japanese criteria, modified based on waist circumference, was a 

reliable predictor of ischemic stroke risk. Published later, the SUITA study [31] 

utilised a modified Met-S definition based on LDL, suggesting that this model more 

accurately predicted risk of CAD (particularly in females) in the Japanese patient 

population.  

 

2.2.5 Links between MetS and cardiovascular pathology 

 

Some studies have established a differential disease risk associated with Met-S 

based on gender. An investigation [32] involving patients with CAD concluded that 

Met-S was a more reliable predictor of reduced outcomes in females than in males, 

following an intensive 3-week (6 days per week, 2 sessions per day) rehabilitation 

program. A review published the same year [33] also highlighted the potential 

associations of individual Met-S component conditions (i.e. abdominal obesity, 

hypertension, dyslipidemia, and insulin resistance) and increased CVD risk in 

women. Thus whilst studies [25] may report a higher prevalence of Met-S component 
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conditions in males, most investigations also report a differentially higher risk of CVD 

in females associated with Met-S. One study [34] has suggested links between Met-

S and future risk of CAD in men as opposed to stroke in women. These findings 

together reinforce the need to consider gender as in hypothesis 1 of the 

retrospective studies herein (Chapters 4-13). 

 

The majority of studies on the impact of Met-S on CAD and PVD risk in fact report 

strong links. One recent meta-analysis [35] of patients with Met-S investigated the 

associated risk of CVD and CVD mortality, MI, stroke, and all-cause mortality. Data 

from this study shows that there may be a much higher risk of these events for those 

with Met-S. Another more recent study [36] also concluded similarly, showing that 

MetS may be linked to abnormal left ventricular (LV) structure and function. The 

results of the Isfahan Cohort Study [37] suggest that Met-S and IHD risk may be 

closely associated in the Iranian study population followed for 5 years. More recently 

in Australia, the results of the Dubbo study [38] demonstrated that Met-S may be a 

genuine contributor to CVD risk, independently of its component conditions. Thus the 

metabolic comorbidities, MI history and central cardiovascular comorbidities 

comprise elements of both the retrospective reviews and the patient classification 

called for in the NICER study hypothesis (refer to Chapter 3). 

 

Data from a recent study [39] suggests that elevated inflammatory markers, and Met-

S and insulin resistance, may be linked in those at high risk of atherosclerosis. The 

specific inflammatory markers discussed include high sensitivity C-reactive protein 

(hsCRP), soluble Vascular Cell Adhesion Molecule-1 (sVCAM-1), soluble 

Intracellular cell adhesion molecule-1 (sICAM-1), fibrinogen, plasminogen activator 
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inhibitor-1 (PAI-1). The links between inflammatory markers and Met-S have also 

been demonstrated in hypertensive patients [40]. In addition, patients with Met-S 

have been shown [41] to have elevated hsCRP levels following and acute coronary 

syndrome (ACS). Those with Met-S may thus have an even higher inflammatory 

response following an ACS, with a potentially greater risk of further serious cardiac 

events. Based on such evidence, recent authors [42] have concluded that the links 

between Met-S and cardiac conditions such as CHF are clearly established. The 

present writer is inclined to agree with these conclusions, and the exercise 

prescription framework called for in the NICER study hypothesis (as seen later) is 

built upon a patient classification system developed based on such considerations, 

to ensure patient safety during the intervention.To understand the need for these 

precautions we need a more detailed consideration  of the links between Met-S and 

cardiovascular risk Thus attention now turns to a more detailed discussion of the 

potential mechanisms of association between Met-S and CVD. 

 

The gene-environment interaction described in a recent review [43] provides one 

potential determinant of the association between Met-S and coronary artery disease 

(CAD). Based on this gene-environment interaction as described, the variation in the 

incidence of atherosclerosis and CAD amongst those with similar risk profiles (i.e. 

Met-S components, lifestyle risk factors, etc.) might be explained by the action of 

both genetic and environmental factors. Met-S is acknowledged in this review as an 

excellent predictor of CAD and diabetes risk, as is a clear association between AGEs 

related to hyperglycaemia and the inflammatory processes at play in atherosclerosis. 

The author [43] highlights the potential impact of Met-S and resultant oxidative stress 

on DNA replication in endothelial progenitor cells (EPC), responsible for the 
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maintenance of the endothelial layer lining blood vessels. This would provide a 

strong and direct link between Met-S and the aetiology of CAD, and at a potentially 

earlier stage of the disease process. In this model, damage to DNA would lead to 

endothelial cells more susceptible to cellular dysfunction, thus more likely to trigger 

atherosclerotic disease. Environmental factors such as smoking, alcohol 

consumption, sedentary behaviour, and high fat diets may then more readily trigger 

atherosclerosis through oxidative stress causing DNA damage within endothelial 

cells. Low circulating levels of EPCs, and particularly the very early (undifferentiated) 

form of the EPC with only CD34+ (as opposed to the differentiated EPC with 

CD34+KDR+) cell marker, is strongly associated with all the major cardiovascular 

risk factors mentioned above [44]. Such findings relating to genetics and Met-S and 

CVD risk help explain the importantce of family history in such conditions. 

Another important factor likely to contribute to the association between Met-S and 

arterial diseases like CAD and PVD involves cardiac natriuretic peptides, hormones 

released by cardiomyocytes. These include atrial (ANP) and brain (BNP) natriuretic 

peptides, amongst others. Reviews [45, 46] have recently highlighted the important 

interaction between these cardiac hormones and hormones involved in the 

regulation of functions such as body composition and sexual function, in addition to 

auto-regulatory endocrine functions of these hormones on the heart itself. Other 

results published [47] suggest that in patients post AMI, 1 week levels of adiponectin 

are positively correlated with reduced BNP levels at 6 months. This correlation is 

shown to be superior to correlations between BNP and HbA1c or BGL. The 

investigators also discuss the links between adiponectin and CHF. Such results 

suggest that lipid metabolism may be a stronger influence on CVD risk, translated 

through lower levels of BNP, than markers of glucose metabolism. Conversely in 
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another study of Met-S patients [48], findings suggested that BNP levels and LV 

mass may not be influenced by Met-S, and that BNP levels correlated well with age 

and serum LDL. Another paper [49] highlighted that  apelin (a hormone produced 

from adipose tissue) seems to be more closely involved with cardiovascular tone 

than fat mass, and confirmed links between Met-S and inflammation, and thus 

potentially CVD. 

 

Indeed the association between central CVD in particular and Met-S has been the 

subject of many recent investigations. In particular, the prevalence of left ventricular 

hypertrophy in those with Met-S has been shown to be high based on data from the 

Strong Heart Study [50]. Two further studies published in the same year provided 

further clues as to the extent of association between Met-S and CVD. One group [51] 

showed that generalised LV dysfunction (as measured by myocardial performance 

index) was more prevalent in those with Met-S. More interestingly, another group of 

investigators [52] demonstrated that LV systolic and diastolic dysfunction was more 

prevalent in patients with Met-S even before left ventricular ejection fraction (LVEF) 

is affected or reduced. These findings were more recently confirmed [36] in a study 

which demonstrated that Met-S and insulin resistance were independent predictors 

of LV dysfunction. The authors found that whilst elevated blood pressure was a 

contributor to the development of LV diastolic dysfunction, Met-S was a reliable 

predictor of LV dysfunction even with corrections for blood pressure. Thus central 

impacts of Met-S may be present prior to diagnostic indications such as a reduced 

LVEF, reinforcing the need for inclusion of Met-S and it’s components in patient 

classification (as in the hypothesis for the NICER intervention seen later). 
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Results elsewhere [24] showed that some macrovascular changes are present 

during the early stages of Met-S, and may actually be present by the time a 

diagnosis of Met-S is made. This study identified increases in the thickness of the 

carotid artery wall (intima-media thickness) and increases in the resistance of intra-

renal lobular arteries associated with Met-S, especially where type-2 diabetes 

mellitus (T2DM) is also present. Other published data [40] demonstrated links 

between arterial stiffness and Met-S in hypertensives, others [53] confirmed the links 

between Met-S and macrovascular changes in the carotid artery, with women 

identified as being at a higher risk and particularly when younger. Integrating  such 

findings would seem to suggest that hypertension and gender are also important 

factors potentially compounding the impacts of Met-S in CR patients (these are 

included in the hypotheses of the retrospective studies). 

 

Central factors including left ventricular hypertrophy or LVH [54] and aortic stenosis 

[55] have also been suggested as both initial presentations of Met-S and primary 

causes of the increased CVD risk associated with Met-S. Surprising results were 

recently published [56] which showed that a first degree family history of 

cardiovascular disease, and not a history of diabetes, was a strong predictor of Met-

S risk. This suggests that the association between Met-S and CVD is not 

unidirectional. That is, it alludes to the fact that just as Met-S may impact CVD risk, 

so too a family history of CVD may influence Met-S risk. Furthermore the need for a 

consideration of MI history and other CVD presentations is again reinforced as 

important in both clinical CR and research settings (as in the hypotheses for both the 

retrospective Chapters 4-13, and patient classification and exercise prescription in 

the NICER Chapter 15 herein). 
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2.2.6 Other comorbidities and MetS 

 

Met-S may also impact other body systems not yet considered, such as the 

respiratory system. There is evidence to suggest that Met-S may compromise FEV1 

and FVC, but not the FEV1/FVC ratio [57]. This suggests that Met-S may lead to the 

development of restrictive lung disease in susceptible individuals. One potential 

mechanism for this association is inflammation, directly impacting the gas exchange 

across the alveolar epithelia and pulmonary capillary wall. These and other findings 

discussed later suggest a potential benefit for training in CR settings that can 

improve respiratory function during exercise in such patients.  

 

Whilst such evidence reveals the effects of Met-S on systems directly related to 

aerobic functional capacity, further evidence suggests that common complications 

presenting to CR may compound the negative effects of Met-S and CVD. Some of 

the most common conditions, other than the primary cardiac and metabolic 

presentations, observed in outpatient CR include compromised sleep, chronic kidney 

disease (CKD), and hyperuricemia. Findings have demonstrated [58] that sleep 

problems and Met-S combined may significantly increase the risk of CHD. Other 

results [59] confirm that the triad of Met-S, CAD and CKD, is associated with higher 

risk of poor outcomes and serious cardiac events, and suggest that microalbuminuria 

should be considered as a useful prognostic marker in such patients. Hyperuricemia, 

when present with Met-S in those with CAD, was also recently suggested to be 

associated with a significantly increased risk of a MI or sudden cardiac death [60, 

61]. Thus patients with such  a profile may need to be classified at higher risk both 

during (i.e. for exercise prescription purposes) and after CR interventions. 
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2.2.7 Role of Exercise and Diet 

 

Since many of the risk factors for the development of CVD and Met-S are lifestyle-

related, it is no surprise that simple lifestyle modifications including diet, weight 

reduction and exercise [21] are standard components of CR programs. Large meta-

analyses [2] have shown that exercise and proper diet together can significantly 

reduce the risk of diabetes in those with Met-S. Dietary changes alone, however, 

were shown to be insufficient in delivering significant CVD and Met-S risk reduction. 

Studies have shown that the glycaemic load (GL) and the glycaemic index (GI) of 

ingested food directly affects short-term serum glucose and insulin levels [62]. 

However once factors such as hypertension, history of cardiovascular disease, and 

physical activity have been accounted for, dietary GI and GL may not be significantly 

associated with mortality in patients with a history of cardiovascular disease [63]. 

Achieving adequate glycaemic control requires long-term effective self-management. 

Group based education interventions to enhance self-management of type 2 

diabetes have been shown to significantly reduce fasting blood glucose, HbA1c 

levels, blood pressure and body weight [64], and thus CR programs which include 

self-management components aiming to establish long-term therapeutic lifestyle 

changes including diet and exercise may prove more effective than those without 

these central points. On this basis, home exercise advice and basic healthy diet 

support are both elements included within the key-point educational program 

included within the NICER intervention being examined herein (refer to Chapter 3 

Methods for the educational program details). 
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2.2.8 The need for patient classification in CR 

 

Given the discussion of Met-S and comorbidities thus far, we can see that the range 

of presentation attending CR are usually widely varied. The benefits of exercise on 

all of the component conditions of Met-S [65] have been reported in various studies 

(as will be discussed later in more detail). However, the HyperGen study [54], as 

perhaps a follow-up to the Strong Heart study, demonstrated that the partial reversal 

of individual Met-S components was not associated with improvements in central 

cardiovascular parameters such as left ventricular hypertrophy (LVH). Based on 

such evidence, it may be important to develop a CR approach that addresses all of 

the Met-S component conditions if the program is to successfully minimise the risks 

associated with the syndrome. This would be in addition to the consideration of 

primary cardiac presentations leading to patient referral to CR. In order to develop 

such a program, one might begin with a risk stratification and patient classification 

system, facilitating appropriate planning of CR interventions for the individual patient. 

Such a patient classification system is thus far lacking in clinical practice, and the 

Cardio-Met classification framework included in the NICER intervention (incorporated 

also into the exercise prescription elements) is one potential model for such a 

system. To fully appreciate the need to link patient classification to exercise 

prescription, we’ll now look at exercise in CR in detail. 
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2.3 Variations in Exercise Interventions 

 

2.3.1 Exercise modalities in CR 

 

Current CR guidelines recommend patients should aim to exercise for a total of thirty 

minutes on most or all days of the week at a low to moderate intensity [3]. Moderate 

intensity activity is defined subjectively here as activity that causes a moderate, 

noticeable increase in the depth and rate of breathing while allowing the subject to 

continue talking comfortably. A recent review [66] summarises the evidence for the 

benefits and risks of exercise in patients with CHF (i.e. those with a compromised 

low LVEF), with CHF itself considered important in the present discussion given the 

relative compromises in LVEF (of varying severity) commonly seen in many patients 

in clinical practice. While not all patients in CR would be classed as having CHF, 

compromises in LVEF and CHF present important comorbidities in CR. Exercise has 

been shown to improve functional capacity and resting physiology, and can help 

attenuate the progression of left ventricular dysfunction typically seen in CHF. The 

most commonly applied and discussed modalities in CR contexts are aerobic 

endurance training (ET) and resistance training (RT). Most of the current 

recommendations however incorporate primarily aerobic training, and more 

specifically ET as the “gold standard” of exercise prescription in outpatient CR 

programs.  Table 2.3 summarises exercise prescription recommendations from 

current guidelines [3]. 
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The central and peripheral improvements possible with aerobic ET have been 

reported extensively. An earlier paper [67] is among many more recent investigations 

which have demonstrated that ET exercise in CHF patients can deliver both central 

(i.e. increased stroke volume, reduced end-diastolic ventricular diameter) and 

peripheral (i.e. reduced total peripheral resistance at rest and peak exertion) health 

benefits. The results of the ELVD-CHF study [9] showed that aerobic ET can 

enhance work capacity, exercise time, and peak oxygen uptake during exercise, as 

well as lowering resting blood pressure, in CHF patients. This same study also 

showed that ET can attenuate the progression of ventricular dysfunction in typically 

seen in CHF patients. Another study [8] demonstrated that ET was able to 

significantly improve heart rate recovery in the first minute post-exercise following an 

acute MI. A further report [68] showed that ET can improve HR recovery in CHF 

patients. Given the above evidence, ET has been included within the exercise 

prescription framework for the NICER intervention studied herein (Chapter 15). 

 

 

Table 2.3 – Recommendations on prescribing endurance training  
(Source: NHF & ACRA, 2004) 

 

Endurance Exercise Strength Exercise 

  Relative Intensity 
Absolute intensity in 

healthy adults (METs) 
Relative Intensity 

Intensity 
Respiratory 
Descriptions 

VO2max % HRmax % 
Beats 
above 
HRrest 

RPE 
Middle-age    

(40-64) 
Older (65-

70) 
Max. Voluntary 
Contraction % 

Low 
Increased 
breathing 

rate 
20-39 35-54 10-25 10-11 2.0-3.9 1.6-3.1 30-49 

Moderate 
Breathe 
harder 

40-59 55-69 20-35 12-13 4.0-5.9 3.2-4.7 50-69 

Hard Puff and pant 60-84 70-89 30-55 14-16 6.0-8.4 4.8-6.7 70-84 
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One of the recent modalities to trigger debate within clinical contexts is interval 

training (IT). Published results [69] have suggested that IT may improve the control 

of central sleep apnoea in CHF patients, likely through an improvement in respiratory 

drive. In fact IT was subsequently shown to improve respiratory drive at rest and at 

peak exertion in CHF [70]. The DANSUK study [71] demonstrated that ET is able to 

lower blood pressure and HbA1c in patients with T2DM, in addition to aerobic 

capacity improvements. Later research [72] demonstrated that ET can attenuate 

arterial stiffness in men with and without Met-S. However not all published findings 

relating to exercise and the potential improvements in central cardiovascular function 

have been positive. One protocol [73] combining both ET and RT concluded that 

their approach did not produce significant central improvements. Around this time, 

the use of RT in CR settings (and particularly with CHF patients) was being 

thoroughly debated in the literature with some negative opinions [74]. Another study 

[75] suggested that a combination of RT and ET may be ineffective in enhancing 

BGL control in type-1 DM patients. 

 

Later research and reviews have suggested that the timing of the introduction of RT 

within the overall CR program can significantly impact the central improvements 

achievable [76]. However RT can deliver significant benefits to CR patients if 

correctly applied. Older women with disabilities had earlier been shown to respond to 

light RT exercise, with improvements in physical function, strength and six-minute 

walk test [77]. Several studies have demonstrated the usefulness of RT in CR 

settings, leading to the AHA recommendations [78] that RT form a component of CR 

to consolidate on the improvements possible with ET alone. More recent evidence 

[79] has suggested that RT may reduce cholesterol levels in DM patients. The most 
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recent position statement on exercise in CHF patients released by Exercise & Sports 

Science Australia [80] also recommends a combination of light-moderate ET and 

light-moderate RT. Recommendations on RT exercise in CR are summarised in 

Table 2.4. 

 

 

Table 2.4 - Recommendations on resistance training from various US guidelines. 

     

 
Resistance Training Flexibility Training 

Cardiac Patients Sets; Reps Stations/Devices Frequency Goal 

2007 AHA Scientific Statement 1 set; 10-15 reps 5-10 exercises 2-3 d/wk 
Stretching major muscle 

or tendon group 
2004 AACVPR Guidelines 1 set; 12-15 reps 6-8 exercises 2-3 d/wk 

2006 ACSM Guidelines 1 set; 10-15 reps 6-10 exercises 2-3 d/wk 

 

 

2.3.2 Interval Training in CR 

Some of the demonstrated improvements of IT in healthy individuals include 

increasing oxidative metabolism in skeletal muscle, peak power output, total work 

over the 30s intense exercise interval, and VO2max [81, 82]. Aerobic IT was shown 

to bring about comparable improvements in muscle buffering capacity to ET. Results 

elsewhere [83] showed that both IT and ET deliver similar skeletal muscle 

adaptations in terms of both carbohydrate and lipid metabolism. Other findings [84] 

also showed that high-intensity IT was able to improve endothelial function (i.e. flow 

mediated dilation) and provided a vascular protective effect after a high-fat meal. 

 

Within a CR context, a group of investigators [85] demonstrated greater 

improvements in endothelial function, LV reverse remodelling and aerobic capacity in 

CHF patients with IT over ET. Multiple CHF case reports [86] confirmed the 

functional capacity improvements possible utilising IT. During the same period, other 
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authors were arguing for the use of IT in other contexts, including as part of a 

preventive intervention in those with diagnosed CAD [87], reducing resting blood 

pressure in chronic hypertension [88], as well as the early stages of diabetes [89]. A 

study [90] comparing RT, moderate-intensity ET and high-intensity IT in obese adults 

concluded that high-intensity IT achieved greater improvements in endothelial 

function (assessed by measurement of flow-mediated dilation) than ET.  

 

Aerobic IT has also been argued to be superior in terms of reducing android obesity 

[91] and improving aerobic capacity and carbohydrate and lipid metabolism [92] in 

overweight and obese patients. A study [93] comparing ET and IT in CAD patients 

found that whilst both modes were able to improve aerobic capacity (i.e. VO2max) in 

the short term, only IT delivered improvements that continued to accrue at 6-months 

follow-up. Other results [94] showed that high-intensity IT may prevent stent re-

stenosis, improve endothelial function and reduce inflammatory markers. However 

the debate is ongoing as to comparisons between ET and IT in clinical settings, with 

some investigators suggesting the IT does not deliver any superiority in patient 

outcomes over ET [95],while some argue that IT may actually deliver superior clinical 

outcomes in CR patients when compared to ET [96].  

Furthermore, new clinical contexts continue to emerge, such as rehabilitation of 

stroke patients [97], as potential arenas for the application of aerobic IT. Research 

focus has shifted somewhat from questioning the clinical usefulness of IT to 

assessing the most effective combination of IT and other potential CR elements, 

such as dietary interventions in obese patients [98] and RT in CHF patients [99]. It is 

thought that shear stress (i.e. flow/diameter) leads to the production and release of 

nitric oxide (NO) by endothelial cells forming the walls of blood vessels. This NO 
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stimulates vasodilation, with this reflex more significantly enhanced following high-

intensity IT than RT or ET. This was demonstrated in a study [90] where a treadmill 

protocol, incorporating four lots of 4 minute intervals at 85-95% HRmax separated by 

3 minute active break segments at 50-60% of HRmax, was used. Furthermore, longer 

term adaptations to IT were shown to produce physiological adaptations early 

followed by structural adaptations with normal NO sensitivity of vessel walls later. 

Based on the cumulative evidence reviewed above on the benefits of the modality, IT 

has been included within the novel exercise prescription framework being 

investigated herein (refer to Chapter 15). 

 

2.3.3 Pathology-specific CR 

 

A set of pathology specific protocols covering clinical exercise prescription in 

outpatient CR (encompassing all of the available clinical modalities) has not yet been 

presented. For some time authors [74] have argued this point with respect to 

guidelines internationally, confirming that some form of clinical CR exercise 

prescription protocols are necessary. For example, an interesting point discussed by 

one of the recent meta-analyses [76] was that studies which combined ET and RT 

did not report significant improvements in LV function. Elevated systolic and diastolic 

filling pressures and LV wall stress associated with RT, as well as the underlying 

reduction in contractility and preload reserve in patients with a compromised LVEF 

are likely contributors to these observations. Therefore based on such evidence, in 

prescribing exercise to CR patients, it may be necessary to exclude RT during the 

initial phase of outpatient rehabilitation, focusing primarily on attaining the maximum 

possible central improvements in LV function instead. Based on this (untested) 
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hypothesis, RT may then be added to a patient’s CR exercise program at a later 

stage to further improve peripheral function.  Flexible yet standardised, condition-

specific protocols which aim to apply a range of modalities and more effective 

dimensioning of exercise (including a “phase” dimension) are thus needed. Given 

this, the hypothesis for the NICER intervention tested herein (Chapter 15) includes a 

novel patient classification system (i.e. Cardio-Met classification) which is used as 

one of the dimensions for prescribing a combination of aerobic ET and IT exercise. 

 

2.3.4 Measuring functional capacity 

 

Outcome assessments in clinical CR practice tend to be at either of two intensity 

extremes. At one extreme are maximal intensity assessments such as maximal 

exercise stress testing (EST). Authors [100-103] have clearly demonstrated the 

prognostic value of EST findings in clinical CVD patients. Functional capacity, 

chronotropic incompetence, and cause of termination of the EST, respectively, were 

shown by these investigators to be good predictors of cardiovascular risk. Whilst 

EST protocols usually utilise treadmill testing, protocols using the cycle ergometer 

[104] have also been validated. Cardiopulmonary exercise testing (CPET) may also 

be applied in CR settings, and combines standard EST with measures of pulmonary 

function. As explained by one author [105], CPET defines absolute measures of 

cardiopulmonary exertion in terms of metabolic equivalents or METs. By definition, 1 

MET of caloric expenditure corresponds to a VO2 of 3.5 mL/kg/min, the resting level 

of oxygen consumption of a healthy 70 kg man. A person during exercise consumes 

multiples of this resting VO2 value, and this measurement is given as the absolute 

measure of exertion.  
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For some time though, investigators [105, 106] have argued against the use of high 

workload increments and extreme durations such as those applied in the Bruce 

protocol, as such protocols may not represent true steady-state physiological 

function. Others [107] demonstrated that a 1-minute protocol is better than a 3-

minute protocol when measuring VO2. Based on the evidence, the need for 

smoother transition between stages to achieve stable, proportionate responses for 

the longest duration possible seems clear. Such opinions are common amongst 

those advocating the use of testing methods other than maximal EST in general 

outpatient CR practice.  

 

The six-minute walk test (6MWT) is a sub-maximal test commonly applied in 

outpatient CR settings. The usefulness of the 6MWT as an outcomes measure in 

older patients, as well as patients immediately post-surgery [108] and those with 

moderate-severe limitations [109-111] has been extensively reported. Thus the 

6MWT may be feasible in the assessment of functional capacity and clinical 

outcomes, or prescribing exercise, in patients who are symptom-limited or less 

mobile. Symptom relief may also be well represented by the 6MWT [110] especially 

in patients who demonstrated physiological stress symptoms during a baseline 

6MWT. However, some of these studies also demonstrated the unreliability of the 

6MWT to adequately represent functional capacity changes in more capable and 

less symptom-limited patient groups. Therefore given such evidence above relating 

to maximal and sub-maximal outcomes assessment in CR, the hypothesis for the 

NICER model includes the novel effective functional capacity (EFC) sub-maximal 

assessment protocol designed specifically for the needs of outpatient CR settings. 
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Clinical monitoring (i.e. the observation and noting of specific patient physiologic 

parameters during exercise) is a matter rarely discussed in scientific literature and 

guidelines addressing CR patients. For example, the current CR recommendations 

locally [3] address basic observations during exercise such as symptoms pre- and 

post-exercise, rate of perceived exertion (RPE), heart rate (HR), blood pressure (BP) 

and respiratory rate (RR). With the exception of this advice, little other guidance is 

available in relation to clinical monitoring. Some studies have also highlighted the 

potential application of some of the measurements taken during the recovery period 

[8, 112, 113]. Such measurements though are applied with considerable variability in 

clinical practice, and no standardised CR clinical data-set is available at the time of 

this writing. The novel clinical aerobic periodisation (CAP) planning tool included 

within the exercise prescription framework of the  NICER pilot study allows the 

recording of specific physiologic observations (i.e. heart rate, blood pressure and 

respiratory rate), which are relevant measurements in both exercise assessment 

through the EFC protocol and monitoring patients during exercise sessions. 

 

2.3.5 Functional breathing training (FBT) 

Given the central cardiovascular limitations to exercise capacity in CR patients 

already discussed, it is important to also consider respiratory function. Indeed some 

authors have argued that exercise-induced bronchoconstriction is common in many 

people, leading to shortness of breath during exertion [114] and that in patients with 

compromised LVEF such as in cases with CHF, exercise intolerance and abnormal 

respiratory patterns are characteristic presentations. Furthermore, both the 

intolerance to exercise and abnormal breathing were found to be worse with 

increasing CHF severity [115].  
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Several approaches have been investigated to address respiratory limitations during 

exercise. Stepwise-paced breathing (SPB), where the RR is varied based on 

specific, slow time intervals, reduces BP during exercise in healthy individuals  [116]. 

A small study in hypertensive patients suggesting that slow breathing training (SBT) 

was able to modify some of the central mechanisms regulating cardiovascular 

function (i.e. the pressor response), with enhanced recovery of both SBP and HR 

post-exercise [117], while another group [118] showed that device-guided SBT was 

able to improve exercise capacity and systolic heart function, as well as diminishing 

sleep disturbances in CHF patients. The novel functional breathing training (FBT) 

technique, incorporated into the NICER intervention model being tested herein, was 

developed to facilitate enhanced breathing during exercise in CR patients. It is 

designed to be applied simply, and paces the patient’s breathing based on their own 

inhalation as a timing stimulus to breathing during exercise (refer to Chapter 3). The 

essential feature of FBT is a trained and deliberate shift in respiratory pattern during 

exercise, moving from the 1:1:1 inhalation:exhalation:pause ratio typical at rest [119] 

to a 1:2 inhale:exhale ratio, with the pause eliminated and the focus being on deep 

full breaths throughout. The primary purpose of FBT is to facilitate better breathing 

patterns and thereby enhance gas exchange, particularly in patients with abnormal 

breathing on exercise common in CR patients with compromised LVEF [115]. 

  

Interestingly, a recent review [120] highlights that females naturally have narrower 

conducting airways than males, with this difference present even when lung-volumes 

are matched. The review also demonstrates that females have a relatively higher 

work output and oxygen-cost of breathing than males, further compounding the 

mechanical limitations to respiratory function during exercise. Therefore females are 
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more likely to experience both expiratory flow limitations and drops in arterial 

oxygenation during exercise, than males. Such findings suggest techniques similar 

to FBT may be even more important in female CR patients. 

 

2.4 Variations in Psychosocial Components  

 

2.4.1 Self-management strategies in CR 

 

One of the most important elements of contemporary CR is encouraging patient self-

management of their own health. Self-management strategies [121] applied and 

encouraged in outpatient CR are actually extensions from the inpatient CR program. 

Reinforcement of positive health behaviour is an important goal though towards 

maintaining change, since recent evidence demonstrated that patient counselling 

during primary care (e.g. during inpatient stage) may offer short-term outcome 

benefits, but delivers little to no significant long-term advantages [122]. Psychosocial 

assessments usually comprise at least one of the quality of life (QoL) instruments 

listed as optional outcomes measures in current guidelines [3]. Such considerations 

are important towards encouraging greater patient adherence to CR. This issue has 

received greater attention in relation to CR interventions [123]. Evidence suggests 

that patient adherence is a major area for improvement in patient outcomes following 

a CVD event [124]. One strategy for enhancing adherence to exercise in CR 

investigated extensively has been the incorporation of a home-based component. A 

comparison of the effectiveness of home-based versus clinic-based CR programs 

revealed that home-based programs may have higher adherence rates [125]. Based 

on such considerations, the patient education program, built upon the Motiv-8 
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motivational framework incorporates regular highlights of the importance of home 

exercise and lifestyle improvement. 

 

It is also important for patients to realise that they are not alone. Patients with 

chronic conditions can experience a sense of isolation and poor self-esteem [126], 

which may predispose patients, and women in particular [127], to a greater risk of 

depression. The issue of locus of control was identified [128] as being especially 

important when considering appropriate persons to include in a patient’s social 

support network. The key-point patient education program included in the hypothesis 

for the NICER model has thus been developed to encourage patients to be more 

proactive in their own health, thereby aiming to enhance self-management, whilst 

also reinforcing to patients that support is available to them. 

 

Recommendations for the reduction of risk in heart disease suggest that CR may be 

particularly useful when applied in the period immediately following a cardiac event 

[129]. However, this initial health stimulus may only have a temporary motivating 

effect on patients. Unless a genuine sense of commitment exists to change their 

present health behaviour, patients are less likely to maintain positive health 

behaviour changes. The extended health belief model (EHBM) utilises individual 

perceptions relating to severity and susceptibility to the disease (such as heart 

disease, diabetes or hypertension), modifying factors, cues to action, and likelihood 

of action, to predict behaviour change [130]. Based on the EHBM model, patients 

may often require continued encouragement from external loci of control (e.g. family, 

friends and CR staff) to maintain positive changes. Adherence rates of female 

patients have been suggested (based on the EHBM model) to be a culmination of 
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both patient-intrinsic and extrinsic factors, including socioeconomic factors relating 

more specifically to females [127, 131]. A qualitative study [132] showed that the 

temperament and character inventory (TCI) may be useful in predicting which CR 

patients may be more at risk of negative psychosocial outcomes. Given such 

evidence above on the importance of self-management and it’s complexities in CR 

patients, the novel patient education program included within the NICER pilot study 

(Chapter 15) aims to enhance patient self-management overall by  promoting an 

internal locus of control while reinforcing the patients’ sense of self-achievement, as 

a positive maintenance strategy for the initial health-based stimulus already 

discussed. Self-management in CR contexts is also the focus  of hypothesis 3 for the 

BARE-Q study herein (Chapter 14). To understand patient health behaviour better, 

we’ll now consider patient motivation in outpatient CR contexts. 

 

2.4.2 Patient self-efficacy and motivation 

 

Factors such as a history of inadequate exercise, bad exercise experiences, and low 

self-efficacy (in particular low task self-efficacy), as well as health history, may form 

major barriers for many patients in outpatient CR [131, 133]. These factors have 

been included as part of hypothesis 1 of the novel BARE-Q study herein (Chapter 

14), tested as part of the NICER intervention. Given the complexity of presentations 

within these patients, an appropriate solution to reduced adherence may involve 

more specifically targeted psychosocial interventions. One group of investigators 

[121] showed that the educational needs of patients in CR comprise mainly a need 

for advice on self-management strategies and information regarding their health 

status. Therefore the patient education program and the Motiv-8 motivational 
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framework it is built upon (both novel inclusions in the NICER intervention pilot 

study) focus on encouraging patient self-efficacy directly as well as their own 

perceptions of this. Stress and anxiety may also serve as barriers to both the 

initiation and maintenance of an exercise program [134]. Therefore it may be 

important to emphasise these factors when formulating patient education and 

interaction strategies. Indeed patient perceptions of barriers to adherence, including 

all the above, form the focus of the hypotheses of the BARE-Q study (Chapter 14). 

 

Understanding a particular patient’s motivational drive is therefore essential to 

encourage the initiation and maintenance of exercise. The transtheoretical (TT) 

model of behaviour change [135] suggests that people attempting behaviour change 

will pass through five stages including (a) pre-contemplation; (b) contemplation; (c) 

preparation; (d) action; and (e) maintenance. Current and ongoing sources of 

motivational drive may be established by the use of aids such as the motivation for 

change questionnaire [136]. A similar concept, more specific to outpatient CR 

settings, may allow the definition of both positive and negative motivators for change. 

Based on this information, both intrinsic and extrinsic positive reinforcement 

elements, as well as contingency contracting, may then be incorporated into the 

program to improve exercise adherence within the context of expected behaviour 

change [130]. Such factors have indeed been included within rationale for the novel 

Motiv-8 motivational framework and key-point patient education program, both of 

which are integrated into the hypothesis also for the NICER intervention herein.  
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2.4.3 Goal-setting and empowerment 

 

Goal-setting is vital in affecting health behaviour change. Collaborative goal-setting 

[137] appears to be potentially important as an ongoing focus of the CR program to 

further enhance adherence. Through effective action and contingency planning 

[138], maintenance self-efficacy may be enhanced. The bargaining process [139] 

presents CR practitioners with an opportunity to emphasise the need for effective 

self-management, and develop realistic objectives as part of expectations-

management utilising goal setting. Furthermore, it is important to regularly review the 

patient’s goals as these may change over time to affect motivation, especially in 

previously sedentary patients. The novel key-point, multi-week design of the patient 

education program was developed to facilitate such follow-up and provide 

collaborative goal-setting opportunities between patients and CR clinicians. 

 

These measures should theoretically enhance perceived task and maintenance self-

efficacies, as well as enhancements in other empowerment variables such as 

competence and self-perceived stigma (or self-image) and self-esteem [140]. Goal 

setting [137] may comprise a combination of goal setting theory (i.e. setting specific 

goals, which are also realistic and not too difficult), health action process approach 

[141, 142] (i.e. taking advantage of the initial motivational phase to build the 

maximum possible momentum for change), and self-determination theory (i.e. the 

goals will integrate support for autonomy, competence, and relatedness throughout 

the program). Enhancing the patient’s sense of empowerment [140] and competence 

may ideally be addressed specifically in relation to task (i.e. exercise), maintenance 

and relapse self-efficacies. For these reasons, the novel Motiv-8 framework and 
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patient education program included in the  hypothesis for the NICER intervention 

focus on enhancing patient self-perceptions of their own self-efficacies. 

 

Patients usually value an active involvement in their own care [121]. Coping 

strategies employed by patients in dealing with their own ‘lived-experience’ of a 

chronic condition may be classified as (a) organisational strategies (i.e. where 

patients re-organise their activities and structural environments to better meet their 

condition-related needs); (b) vigilance strategies (i.e. patients being more mindful of 

situations); and (c) trading-off strategies (i.e. where patients undertake activities 

which are usually not recommended by practitioners). Trading-off strategies are 

especially important considerations due to their potential to positively influence 

patient empowerment, with the. four main empowerment variables suggested to be 

self-efficacy, self-advocacy, competence and self-perceived stigma [140]. Trading-off 

strategies may help patients to improve their sense of self-efficacy, competence and 

self-image. It has also been suggested [143] that QoL shifts over the course of a CR 

program and is more closely associated to changes in an individual’s standards (i.e. 

recalibration) than changes in their values (i.e. repolarisation) or conceptualisation. 

Coping mechanisms were found to correlate better with a response shift than 

changes in health locus of control or optimism, confirming that developing suitable 

coping mechanisms may be necessary in enhancing adherence than changes in 

locus of control alone. Coping strategies and barriers to CR and health behaviour 

change adherence form the primary hypotheses of the BARE-Q study, and both the 

Motiv-8 motivational framework and the patient education program were developed 

to enhance patient coping strategies by improving both patient perceptions and self-

efficacies directly. 
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2.4.4 Patient autonomy 

 

One of the key elements in achieving effective patient self-management is 

encouraging patient autonomy. Investigators [144] have demonstrated that an 

exerciser’s perceived competence and autonomy are directly linked to self-

regulation, as predicted by self-determination theory (SDT). Thus CR patients must 

be encouraged to acknowledge their own self-efficacy improvements. An 

investigation [145] of the use of Bandura’s self-efficacy scale in Australian CR 

concluded that this may be an appropriate utility in assessing self-efficacy. A 

minimum level of task self-efficacy is needed to form the intention to act, based on 

the health action process approach (HAPA) model already discussed [142]. Based 

on a combination of HAPA and SDT [146], an ideal approach to motivation may 

incorporate considerations of extrinsic (e.g. the influence of family members) and 

intrinsic (e.g. perceived need for change) motivators, and positively reinforce these 

through autonomy, competence and relatedness strategies [147]. However others 

[148] have argued that the role of family support in a patient’s life may vary 

considerably based on cultural background. Therefore such a strategy may have 

variable effectiveness in Australia given our multicultural population generally and 

specifically within CR programs. Based on such evidence relating to the importance 

of self-efficacies in encouraging patient autonomy, these have been included among 

the core themes of the Motiv-8 framework, and the improvements achieved by 

patients during the CR intervention form key focal points during the patient education 

program and exercise sessions as part of the NICER intervention. 
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Failure to achieve a shift towards a patient-intrinsic locus of control has been shown 

to significantly reduce long-term outcomes [128] by reducing the effectiveness of 

patient coping mechanisms. This should be reinforced by the use of strategies aimed 

at attaining need satisfaction and enhancing the patient’s sense of relatedness [147] 

based on the SDT model. Such strategies may include group-based [64] and peer-

support [149, 150] type interventions. However, although HAPA and SDT may 

partially explain the influence of self-motivation on exercise behaviour, their 

integration does not fully address the complex nature of motivation. An individual’s 

need for self-achievement affects the influence of competence as a motivator. That 

is, those who have a greater need for self-achievement may likely be more 

motivated. The attainment of happiness [151] as a result of the rehabilitation 

program and a patient’s own self-management efforts may thus need to be 

reinforced on an ongoing basis. These considerations have also been included 

within the psychosocial elements (Motiv-8 framework and patient education program) 

of the NICER intervention. 
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2.5 Conclusion 

 

Clinical CR practice has been reviewed, and several key points have been identified 

which require further investigation. Based on a discussion of the cardiac and 

metabolic presentations commonly seen in CR, it is concluded that a risk 

stratification and patient classification system is needed to more appropriately guide 

the development of tailored CR programs. Furthermore, the development of 

pathology-specific clinical exercise protocols, as well as CR-specific outcomes 

assessment methods, is required in order to maximise the effectiveness of tailored 

CR programs to deliver enhanced clinical outcomes. Finally, an approach to patient 

motivation, to encourage adherence and enhance physiological and psychosocial 

outcomes enhancement, was found to be necessary. 
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Chapter 3 
Methodology 

 

3.1 Introduction 

Given the background discussion in Chapter 2 which identified potential gaps in 

current CR practice and knowledge, the novel intervention for cardiovascular 

enhancement and rehabilitation (NICER) project was developed to address these. 

This chapter first considers the central research hypotheses and overall project 

design. These points are then followed by a detailed methodology for each of the 

studies comprising the overall project, beginning with the retrospective review 

studies comprising Chapters 4-13. The methodologies for the BARE-Q qualitative 

study (results appearing in Chapter 14) and the NICER clinical pilot intervention 

(results appearing in Chapter 15) are then detailed.  

 

3.2 Project Outline 

 

3.2.1 Research Hypotheses 

Through the retrospective studies of the project, the hypotheses tested were: 

1. Considering a current practice CR intervention incorporating high-intensity 

aerobic IT as the primary exercise modality, clinical outcomes in resting and 

peak physiology will vary based on gender, age and MI history;  

2. It is further hypothesised that these same outcomes will also be influenced by 

additional pre-program factors including resting SBP, metabolic syndrome 

comorbidities, and BMI; 
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The corresponding null-hypothesis for the above retrospective studies is that no 

variation in outcomes exists based on the above factors. 

 

The qualitative BARE-Q study addressed the following hypotheses: 

1. In addition to two of the well documented barriers to exercise participation (i.e. 

time and cost constraints), other significant participation barriers include 

patient self-perceptions of a limited knowledge of exercise and a poor 

exercise history; 

2. Pain and fatigue pose significant barriers to exercise in clinical CR settings; 

3. Patient self-management efficacy can be limited by other factors including 

self-perceived control of the patients’ own healthcare, personal goal-setting 

and the level of motivation to change health behaviour; 

4. Patients in clinical CR programs may use natural remedies without 

appropriate guidance from professional sources; 

5. The patient-perceived network of CR healthcare and support services is 

usually limited, with few sources of support perceived to exist beyond the CR 

settings; 

6. Activities of daily living and desirable lifestyle activities are both limited by 

factors including health status, sleep and dietary patterns. 

 

The central hypothesis evaluated within the NICER pilot study is: 

1. A clinical CR program incorporating novel elements specifically developed for 

the outpatient CR setting, including a patient classification system, motivation 

and patient education components, training patient exercise and breathing 

techniques, exercise prescription and training mechanisms, and an outcomes 
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assessment protocol for evaluating effective functional capacity, will be 

feasible, safe and yield comparable outcomes to current practice programs 

not incorporating these features. 

 

The corresponding null-hypothesis for the NICER pilot study is that the novel 

intervention does not yield significant changes in physiologic and functional capacity 

measures. 

 

3.2.2 Project Design 

Figure 3.1 below summarises the main components of the present project. 

Retrospective data reviews (Component B) comprise a total of ten studies 

addressing the effects of various factors on clinical outcomes in patients who 

completed the CR program at Westmead hospital between January 2000 and 

December 2011. Component C refers to the qualitative study comprising the barriers 

to rehabilitation questionnaire (BARE-Q), administered to patients (n = 28) attending 

the outpatient CR programs at Westmead and Mt Druitt hospitals. The NICER 

clinical pilot study (Component D) involves a novel CR intervention, administered to 

patients (n = 14) attending the outpatient CR program at Mt Druitt hospital. The final 

part of the project (Component E) involves a second in-depth review of the most 

recent literature relevant to the findings of the above studies and integration of the 

findings. 
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Figure 3.1 – Structure of the thesis 
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3.2.3 Ethics and Governance 

This project received primary ethics and governance clearance through Western 

Sydney Local Health District (WSLHD) Human Research Ethics Committee (HREC), 

with the ethics approval number: 

 HREC2011/11/4.8(3415) AU RED HREC/11/WMEAD/271 

 

Following this, ethics approval was also granted by Charles Sturt University HREC 

with the following approval number: 

 Protocol Number: 2011/179 

 

The ethics clearance process involved preparation and submission of the Project 

Proposal and completion of the National Ethics Application Form (NEAF). In addition, 

governance clearance was sought by separate submission to WSLHD Research 

Governance office for each facility individually. 

 

 

3.3 Retrospective Studies 

 

3.3.1 Data-set Analysed 

Data used for the present retrospective studies (Chapters 4-13) comprised a de-

identified version of the data from patients (n = 4202) who attended the outpatient 

CR program at Westmead hospital between January 2000 and December 2011. The 

data were provided in Microsoft Excel format, which was then transferred into the 

Statistics Package for Social Sciences (SPSS) version 21.0 for analysis as described 

below.  
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3.3.2 Data Collection 

The patient data reviewed within the retrospective studies were collected between 

January 2000 and December 2011, and consisted of observations made during the 

pre- and post-program patient assessment processes. These data included 

demographic information from patients’ medical history (including age, MI history, 

and health and lifestyle risk factors, as well as clinical measurements (i.e. weight, 

resting and peak blood pressure and heart rate, and exercise stress test (EST) 

durations. Only complete records with entry and exit data for all relevant fields were 

included in the analyses. Although 1,724 non-MI patient records were included in the 

overall dataset, 661 records showed either an incomplete program or incomplete 

data, with only 1,073 of the total completing the program and having complete data 

available for the analysis. Thus only these 1063 records were included in the 

analyses in Chapters 4-7. There were also 2,478 MI patient records in the initial 

dataset, but 1,049 records showed either incomplete programs or incomplete data, 

with only 1,429 included in the analyses in Chapters 8-11. 

 

3.3.3 Statistical Analysis 

 

3.3.3.1 Demographic Data 

Categorical demographic data (hypercholesterolemia, hypertension and diabetes 

diagnoses, and family history and sedentary behaviour) underwent either binary (in 

the case of studies applying regression against group assignment with no more than 

two subgroups) or multinomial (where 3 or more subgroups are involved) logistic 

regression analysis. Continuous demographic variables (i.e. age, BMI, resting HR, 
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SBP and DBP, peak HR and SBP and EST durations) underwent one-way MANOVA 

to determine the variance in these parameters across the applicable subgroups. 

 

3.3.3.2 Clinical and Functional Capacity Outcomes 

Physiologic outcomes (resting HR, SBP and DBP, peak HR and SBP, and EST 

durations) underwent paired samples t-test analysis (for the comparison of pre- and 

post-program values) and either one- or two-way ANOVA/MANOVA as the case 

required (for the comparison of average values between patient subgroups). 

 

3.3.4 Patient Classification 

Table 3.1 below summarises the definitions for subgroups applied within. 

Table 3.1 - Definitions of subgroups used in the retrospective reviews. 
      

Category Classifications Definition 

MI Status 
non-MI No history of previous MI 

MI History of previous MI 

SB Bands 

SB1 Pre-program resting SBP < 100 mmHg 

SB2 Pre-program resting SBP = 100-130 mmHg 

SB3 Pre-program resting SBP > 130 mmHg 

MC 
Classification 

MC0 Nil Met-S comorbidity 

MC1 1 Met-S comorbidity 

MC2 2 Met-S comorbidities 

MC3 3 Met-S comorbidities 

MC4 4 Met-S comorbidities 

Age Groups 

Age-1 Age < 35 yrs 

Age-2 Age = 35-45 yrs 

Age-3 Age = 45-55 yrs 

Age-4 Age = 55-65 yrs 

Age-5 Age = 65-75 yrs 

Age-6 Age > 75 yrs 

BMI Groups 

BMI-1 BMI < 25.0 kg.m-2 

BMI-2 BMI = 25.0-30.0 kg.m-2 

BMI-3 BMI > 30.0 kg.m-2 
 

MI = myocardial ischemia; SB = Systolic blood pressure band; MC = metabolic 
syndrome comorbidity classification; BMI = body mass index. 
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3.3.5 CR Intervention 

The programs were 6-8 weeks in duration, and operated twice weekly with a session 

duration of 1.5-2.0 hours. The aerobic exercise component of the CR intervention 

involved training on the treadmill and cycle ergometer.  Exercise intensity on each 

apparatus was capped between light phases (typically 2 minutes at 60%) and 

intense phases (typically 1 minute at 90%) based on maximum predicted HR 

(MPHR). Individualised exercise prescription by supervising CR staff was based on 

the Borg dyspnea scale. Calculation of MPHR was given by MPHR = 220 – Age (in 

years). Successful completion of the CR intervention required attendance at two 

weekly exercise sessions for at least six weeks.  The same CR intervention protocol 

was in place during the period of investigation from 2000 to 2011.  
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3.4 BARE-Q Qualitative Study 

 

3.4.1 BARE-Q Questionnaire 

The BARE-Q questionnaire administered to participants is included in Appendix H, 

and was composed of twenty five questions across the following sections: 

 Section A Patient perceived exercise barriers (5 questions) 

 Section B Pain and fatigue symptoms (4 questions) 

 Section C Self-management (5 questions) 

 Section D Healthcare service chain (5 questions) 

 Section E Lifestyle and activities of daily living (6 questions) 

 

The majority of the questions required scalar responses of ratings on a scale from 0 

to 5 (18 questions in total), while some questions involved yes or no response 

components (7 total), and relatively few questions involved open responses (4 total). 

Item generation for the BARE-Q and the rationale applied is presented in Tables 3.2 

and 3.3 below. 
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Table 3.2 – Item generation for the BARE-Q (Sections A-C) 

 

Perceived 
exercise 
barriers 

QA1 Rating: Time constraints Items 1-4 were included based on evidence 
in relation to barriers to exercise participation 
in spinal chord (206) and cardiac 
rehabilitation patients (208), with items 2-3 
included based on data from cardiac 
rehabilitation patients showing poor 
knowledge of exercise technique and 
exercise history (124, 126) can form 
significant barriers. Item 5 was added to 
allow individual responders to identify any 
self-perceived barriers to exercise (205). 

QA2 
Rating: Knowledge 
constraints 

QA3 
Rating: Negative exercise 
history 

QA4 Rating: Cost constraints 

QA5 Open: Other constraints 

Pain and 
fatigue 

exercise 
barriers  

QB1a Class: Pain constraints 
These items were included to gauge the 
impact of pain and fatigue as barriers to 
exercise participation in cardiac rehabilitation 
patients, based on evidence relating to 
subjective fatigue (257). The final two items 
were added to determine the extent to which 
patients identify the need for advice on these 
issues and seek support. 

QB1b Rating: Pain constraints 

QB2a Class: Fatigue constraints 

QB2b 
Rating: Fatigue 
constraints 

QB3a 
Class: Professional 
advice/support 

QB3b Rating: Quality of support 

Self-
management 

QC1 
Rating: “Control your 
healthcare” 

Item 1 addresses the issues of autonomy and 
locus of control (121), important in the 
extended health belief model (123). Item 2 
was added based on suggested health and 
mental health information needs in those with 
coronary heart disease (114). 

QC2 
Rating: “Understand your 
condition” 

QC3a 
Class: Natural remedy 
use Items QC3a-c were included to acquire data 

relating to complementary medicine use by 
cardiac rehabilitation patients as a 
coping/self-management strategy(114, 211). 

QC3b 
Class: Professionally 
prescribed 

QC3c Class: Discussed with GP 

QC4a Class: Health goals set 
Goal setting items 4 and 5 were included 
based on evidence relating to intrinsic and 
extrinsic motivation (123) and self-
determination theory (139). 

QC4b Open: Health goals set 

QC5 
Rating: Motivated to 
change behaviour to meet 
goals 
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Table 3.3 – Item generation for the BARE-Q (Sections D-E) 

 

Healthcare 
service chain 

QD1 
Open: Members of 
healthcare service chain 

These items were included as patients may 
prefer an active involvement in their 
healthcare (114), while goal setting, planning, 
and information provision (130-133) may be 
important in applying goal setting theory 
(130) and the health action process approach 
(134,135) models in rehabilitation. 

QD2 
Rating: Information 
provided by service chain 

QD3 
Rating: Involved in planning 
by service chain 

QD4 
Rating: Clear strategy by 
service chain 

QD5 
Rating: Accessible support 
by service chain 

Lifestyle & 
ADL's 

QE1 
Open: Idenitfy activities of 
daily living 

Items QE1-6 were address activities of daily 
living (ADL), with Item 1 included to gauge 
how each patient views their own ADL. Items 
2 and 3 relate to the extended health belief 
model (123). The remaining items relate to 
evidence on issues of quality of life and 
patient recalibration (136) and psychosocial 
interventions to improve diet and sleep (252). 

QE2 
Rating: Health limiting 
ADL’s 

QE3 
Rating: Health limiting 
desirable activities 

QE4 
Open: How often do you 
exercise each week 

QE5 
Rating: How adequate is 
your sleep 

QE6 
Rating: How adequate is 
your diet 

 

 

3.4.2 Participants 

All patients not meeting any exclusion criteria (n = 47) were approached during the 

period May 2012 to June 2013. Nineteen patients declined participation. Those who 

chose to participate in the BARE-Q study (n = 28) were approached during their 

initial face-to-face session with clinical staff attending the outpatient CR programs at 

Westmead and Mt Druitt hospitals. All participants provided written informed consent 

(refer to Appendix G) prior to completing the BARE-Q.  
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3.4.3 Data Collection 

The BARE-Q questionnaire was administered to patients at the conclusion of the 

initial session on attending the CR program for the first time, following a patient 

education session with clinical CR nursing staff. The nursing staff administering the 

education session and BARE-Q questionnaire were qualified Registered Nurses with 

experience in CR settings. There had not been prior contact between the patients 

and nursing staff. Patients completed the BARE-Q in hard-copy. Participant 

responses were then manually entered into the statistical analysis package 

described earlier and verified against the original responses to confirm data integrity. 

 

3.4.4 Statistical Analysis 

Pearson’s correlation analysis was used to analyse the scalar responses from the 

BARE-Q, investigating the relationship between patient responses. In addition, 

theme analysis was used to analyse the responses to questions requiring a “yes/no” 

or open-ended response,  with themes derived from the resulting data. Participants 

did not provide feedback on data. 

 

3.5 NICER Pilot Study 

 

3.5.1 Data Collection 

During the course of the pilot trial, clinical observation and outcome assessment data 

was recorded for individual patients. These data were collected in hard copy (paper 

format). Data were then entered into the SPSS package for statistical analysis, with 

the data verified against the original records to ensure data integrity. 
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Figure 3.2 – Participant recruitment into the NICER pilot 

 

3.5.2 Participants 

Patients attending the outpatient CR program at Mt Druitt hospital between June 

2012 and May 2013 were initially screened by the clinical nursing staff supervising 

the intervention, and the exclusion criteria below were applied to determine patient 

suitability for inclusion in the study. Those patients deemed suitable for participation 

in the NICER pilot were then approached regarding the study, and the approved 

Assessed for eligibility (n = 31) 

Excluded (n = 17) 

   Not meeting inclusion 

criteria (n = 9) 

   Declined (n = 6) 

   Mobility limited (n = 2) 

Analysed (n = 10) 

Complete outcomes data (n = 7) 

Outcomes less 6MWT data (n = 

3) 

Completed intervention (n = 10) 

 Male (n = 7) 

 Females (n = 3) 

Incomplete intervention (n = 4) 

 Cardiologic review (n = 1) 

 Unrelated medical (n = 2) 

 Other (n = 1) 

Compliance 

Analysis 

Enrolled (n = 14) 

Enrollment 
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Participant Informed Consent form (refer to Appendix G) was used to acquire the 

written consent of all participants who chose to participate in the study (n = 14). 

Refer to figure 3.2 for participant recruitment into the NICER pilot. 

 

3.5.3 Program Structure 

The NICER intervention was delivered by the present author, and comprised two 

centre-based sessions per week in addition to home-based exercise 

recommendations. Program completion was defined as the completion of four to six 

weeks of the NICER intervention. Exercise modalities used during the centre-based 

sessions included identical flexibility and conditioning exercises (approximately 30 

minutes) to the current practice outpatient CR program at Mt Druitt, as well as 

moderate-intensity ET and IT utilising treadmill and/or cycle ergometer. The duration 

of each centre-based session was between 60-90 minutes. All exercise sessions 

were delivered at the Mt Druitt hospital outpatient CR clinic. 
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3.5.4 Novel Elements 

 

3.5.4.1 Cardio-Met Patient Classification 

Patients recruited to the pilot study were each classified based on a combination of 

both the core cardiovascular presentation and comorbidities associated with 

metabolic syndrome. This novel classification strategy has been termed the “Cardio-

Met” system (refer to Appendix A), and is represented in Appendix A. Based on the 

Cardio-Met system: (a) patients are initially grouped into the “CR Band” 

corresponding to each individual’s primary cardiovascular presentation; (b) patients 

within each CR Band are further classified into “M-Cat” subgroups based on each 

individual’s metabolic comorbidities. 

 

3.5.4.2 Patient education and motivation 

Appendix B represents the eight main areas of the novel MOTIV-8 motivational 

strategy employed within the pilot study. Each main area is divided into three 

elements. The elements within each area overlap and relate to some extent with the 

other areas. The fundamental focus of all of these elements is patient empowerment. 

The motivational strategy was implemented through a novel educational “key-point” 

delivery structure. Each exercise session was used to present five short messages 

which focus on one or more of the elements of the motivational strategy. The patient 

education program, based on the elements comprising the motivational strategy, is 

shown in Appendix C. The rationale for the development of the MOTIV-8 strategy is 

shown in Table 3.4, while the development rationale for the education program is 

presented in Table 3.5. 
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Table 3.4 – Evidence and rationale for the MOTIV-8 motivational elements 

 

Area Element Description Rationale 

Self-Efficacy 

1.1 Task (Exercise) self-efficacy Based on the variables of 
empowerment (133) and self-
efficacy (138). 

1.2 Maintenance self-efficacy 

1.3 Recovery self-efficacy 

Rhythm 

2.1 Regular exercise Derived from data on quality of 
life (136), patient perceived 
barriers to exercise (205) and 
psychosocial interventions to 
improve factors such as diet and 
sleep (252). 

2.2 Integrated lifestyle 

2.3 Balance & variety 

Positive Control 

3.1 Self-SWOT 
Based on issues of locus of 
control (121) and the extended 
health belief model (123), 
autonomy (137, 140), and self-
determination theory (139). 

3.2 Proactivism 

3.3 Self-empowerment 

Self-Management 

4.1 Self-monitoring 

4.2 Self-motivation 

4.3 Expectations-management 

Barrier-
Management 

5.1 Barrier evaluation 
Included to allow patients an 
active involvement in their 
program (114), helping to 
facilitate patient empowerment 
(133) and autonomy (137), and 
addressing the issues of exercise 
barriers (124, 136, 205, 208). 

5.2 Strategy development 

5.3 Collaborative compliance 

Short-Term Goals 

6.1 Functional capacity These are based on elements of 
goal setting theory (130), 
planning and strategy use in 
changing health behaviour (131-
132), and the health action 
process approach (134). 

6.2 Knowledge acquisition 

6.3 Self-perspective 

Long-Term Goals 

7.1 Functional capacity 

7.2 Health goals 

7.3 Lifestyle goals 

Recognition 

8.1 Functional achievements The recognition of patient 
achievement is a common 
motivator based on all of the 
strategies above. 

8.2 Health Achievements 

8.3 Lifestyle achievements 
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Table 3.5 – Evidence and rationale for the elements of the educational framework 

 

Wk Iss Topic Notes Element(s) 

1 

1 Exercise cycle & recovery Apply in clinic and at home 1.1, 2.1, 6.1, 7.1 

2 
Endurance (ET) and 

Interval (IT) 
ET to build Intensity, IT for 

recovery 
1.1, 6.2 

3 Good breathing is crucial 
Main tune-up tool to help re-

calibrate 
1.1, 6.2 

4 
Hydration should be 

balanced 
Adequate water through the day 2.3, 6.2 

5 CAN do, not can't do What you can do is far greater 3.1, 3.2, 4.2, 4.3, 5.1 

2 

1 Regular Health Routine Get well programmed 1.2, 3.2, 4.1 

2 
Adequate and balanced 

diet 
Become a "well oiled" machine 2.3, 3.2, 6.2 

3 Ex at home and in clinic Tried and Tested "A-OK" 2.2, 3.2, 4.1 

4 Live life Get active and enjoy life 2.2, 3.1, 3.3, 6.3 

5 Health self-management You are the pilot 1.2, 3.1, 3.2, 3.3, 4.2 

3 

1 Coordinate to optimise 
Diet, exercise, rest and daily 

activities 
2.2, 2.3 

2 Achievements so far Functional, weight, self-efficacy 3.1, 3.3, 4.2, 4.3, 8.1-8.3 

3 Regular follow-up 
Compliance with GP, specialist, 

EP 
4.1, 5.3 

4 Short-term goals 
Let's set targets for next few 

weeks 
3.2, 3.3, 7.2, 7.3 

5 Locus of control Shift to internal locus 3.1, 3.3, 4.2, 6.3 

4 

1 Health routine Weekly, monthly, yearly 3.2, 4.1, 5.3 

2 Healthy nutrition Variety, balance, timing 2.3, 6.2 

3 Exercise plan and timing 
Time your exercise to keep BMR 

up 
2.2, 4.2, 5.2 

4 Locus of control Do you feel empowered 3.1, 3.2, 3.3, 5.1, 5.2, 6.3 

5 Medium and long term What about goals for the future 1.2, 3.2, 7.2, 7.3 

5 

1 Coordination Are you integrating the elements 2.2, 3.2, 5.1, 5.2 

2 Achievements so far Locus, self-efficacy, func cap 3.1, 3.2, 3.3, 4.2, 4.3, 8.1 

3 Exercise network Classes, groups, friends, family 3.1, 5.2, 5.3 

4 Live life Get out, keep active, stay happy 3.2, 6.3, 8.1-8.3 

5 CAN do, not can't do Check out your improved outlook 3.1, 3.3, 4.2, 4.3, 5.1 

6 

1 Exercise network Is it growing? What's missing? 5.2, 5.3, 6.2 

2 Time-outs Relaxation is just as important 1.1, 1.2, 2.2 

3 Self-managed 
Task, recovery, maintenance 

self-efficacy 
1.2, 1.3, 3.2. 5.2 

4 Achievements so far Locus, self-efficacy, func cap 3.1, 3.2, 3.3, 4.2, 8.1-8.3 

5 Looking forward Balanced, tuned, and fired up 2.3, 4.2, 4.3, 6.3, 7.2, 7.3 
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3.5.4.3 Exercise prescription 

Overall exercise prescription targets are represented in the “aerobic exercise 

prescription matrix (AEPM) shown in Appendix D, based on the Cardio-Met patient 

classification system above. In addition to these targets, a specific clinical aerobic 

periodisation (CAP) plan was developed for each patient, as shown in Appendix E. 

This CAP plan allows the development of an exercise progression strategy towards 

achieving the exercise targets established within the AEPM. The rationale for the 

AEPM and CAP are given in Table 3.6 below. 

 

Table 3.6 – Evidence and rationale for the AEPM and CAP features 

 

Feature Description Rationale 

Phases 

Establishment - learn and get 
comfortable with training The program phases use 

endurance (9, 68) and interval 
training (88-90) to build functional 
capacity, with both treadmill and 
cycle ergometer targets shown. 

Enhancement - building 
functional capacity and improving 
physiology 

Consolidation - reinforcing all 
education and training gains 

Targets 

Initial guides only 
Tagets were set based on the 
hypothesis that lighter training 
intensities should be applied in 
those with progressively more 
severe presentations. 

Graded based on classification 

Levels 
Link to Cardio-Met and CAP These are purely arbitrary 

designations based on the 
targets above. Can be used to motivate 
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3.5.4.4 Exercise technique and functional breathing training (FBT) 

Patients were instructed on the importance of upright posture, warm-up and cool-

down, and exercise pacing. FBT involved instructing patients on how to modify their 

resting respiratory pattern (i.e. inhalation:exhalation:pause ratio of 1:1:1 typically 

[119] to an inhalation:exhalation ratio of 1:2 during exercise (thereby eliminating the 

pause normally seen in resting respiratory patterns), regulating their breathing 

pattern based on the following advice:  

 

“With full natural breaths, allow your body to take the inhalation that feels natural at 

the time. Now double your inhalation time for your exhalation. If you feel you need to 

breathe faster or slower, then don’t try to resist it. Simply take a full natural breath in, 

then double it breathing out, going straight into the next inhalation. Your breathing 

pattern should get faster or slower based on your exertion.” 

 

3.5.5 Patient Assessment  

In addition to the independent current-practice 6MWT outcomes assessments 

conducted by the supervising clinical nursing staff at the Mt. Druitt Hoispital CR unit, 

the pilot study employed a novel pre- and post-program assessment methodology 

termed the effective functional capacity (EFC) protocols described in Appendix F. 

The treadmill EFC stages are shown in Table 3.2 below. Work output (WO) is 

calculated as WO = speed x (1 + incline/10), with speed in meters per hour, incline in 

% gradient. Using this WO calculation, the primary EFC outcomes are given by: (a) 

cardiac rate efficiency (CRE) = WO/peak HR; (b) cardiac beat efficiency (CBE) = 

WO/peak (SBP-DBP); (c) respiratory efficiency (RE) = WO/ peak respiratory rate 

(breaths per minute); (d) systolic efficiency (SE) = WO/peak SBP; (e) diastolic 
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efficiency (DE) = WO/peak DBP. EFC assessments were conducted by the present 

author at the Mt Druitt hospital outpatient CR clinic. 

 
Table 3.7 – Effective functional capacity (EFC) assessment stages 

Stage Speed Incline WO 

1 1.5 0.0 1500 

2 2.0 0.5 2100 

3 2.5 1.0 2750 

4 3.0 1.5 3450 

5 3.5 2.0 4200 

6 4.0 2.5 5000 

7 4.5 3.0 5850 

8 5.0 3.5 6750 

9 5.5 4.0 7700 

10 6.0 4.5 8700 

 

WO = work output, defined as WO = speed x (1 + incline/10), where speed is given 

in kilometers per hour, incline in % gradient. 

 

Table 3.8 – Evidence and rationale for the EFC assessment protocol 

 

Feature Description Rationale 

Protocol type 
Graded overall 

Investigators [105, 106] have argued 
against the use of high workload 
increments and extreme durations as 
such protocols may not represent true 
steady-state physiological function.  

Ramped entry/exit 

Stages 

Start & end - 1.5 km/h @ 0% 
incline to assess immediate 
locomotive effects on 
physiology 

Progress gradually - each stage 
is progressed by 0.5 km/h, 0.5% 
incline 

Stage duration 1-2 min 
(progress only if HR stable 
within +/- 3 bpm) 

Stage durations of 1-minute have 
been shown to be preferable to 3-
minute stages as in the Bruce 
protocol (107) 

Termination 

EFC pre-set HR limit of 65% 
maximum predicted heart rate 
(MPHR) 

Based on the NICER exercise 
prescription strategies employed in 
the aerobic exercise prescription 
matrix (AEPM) and the clinical aerobic 
periodisation (CAP) strategy. 

Conventional test termination 
criteria from established 
protocols 

Termination criteria used from other 
standardised protocols have been 
incorporated for safety (100, 101) 
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3.5.6 Physiologic algorithms of physical exertion (PAPE)  

In mathematics, the statement 

“A is relative to B”  

is written formulaically as  

“A/B” 

This basic principle will be important at various times below. 

 

3.5.6.1 Work Output (WO) 

Work output (in the context of treadmill exercise) is defined here as: 

WO = speed x (1 + incline/10)    Equation 1 

With:  units = %m.h-1 

speed = (km/h) x 1000 

incline = % gradient 

This equation was developed as a simple and direct means of objectively defining 

exertion independent of patient-dependent variables such as oxygen consumption. 

By doing this, we have a WO indicator that is easily calculated and can be used in 

the physiological ratio calculations that follow. 

 

Note above that 

1. The factor (incline/10) is used rather than (%incline), which would represent 

only an increase over and above the exertion at 0% incline. 

2. At incline = 10% 

WO = speed x (1 + 10/10) = 2 x speed 

Thus at 20% incline (theoretically), WO = 3 x speed. 

3. Multiplying by % incline directly would be reductive  
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3.5.6.2 Cardiac rate efficiency (CRE) 

The CRE ratio represents the amount of work being performed by a subject per heart 

beat. Defining CRE mathematically: 

 

Since   CRE is WO relative to HR 

Therefore CRE = WO/HR    Equation 2 

 

To define the units of CRE: 

Since   WO units  = %m.h-1 

and  HR units  = beats/min = b.min-1 

hence  CRE units  = WO units/HR units  = (%m/h)/(b/min) = 

%m.min/b.h 

 

Therefore CRE units = %meters.min/beat.hr or %m.min/b.h  

= %m.min.(b.h)-1 
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3.5.6.3 Cardiac beat efficiency (CBE) 

The CBE ratio represents the amount of work being performed by a subject per unit 

of pulse-pressure (i.e. PP = the difference between SBP and DBP at the time). 

Defining CBE mathematically: 

 

Since   CBE is WO relative to PP  

and  PP  = SBP – DBP 

Therefore CBE = WO/(SBP-DBP)   Equation 3 

 

To define the units of CBE: 

Since   WO units  = %m.h-1 

and  PP units  = mmHg  

hence  CBE units  = WO units/PP units  = (%m/h)/(mmHg) = 

%m/mmHg.h 

 

Therefore CBE units = %meters/mmHg.hr or %m/mmHg.h  

= %m.(mmHg.h)-1 
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3.5.6.4 Systolic efficiency (SE) 

The SE ratio represents the amount of work being performed by a subject per unit of 

systolic blood pressure at the time. Defining SE mathematically: 

 

Since   SE is WO relative to SBP  

Therefore SE = WO/SBP     Equation 4 

 

To define the units of SE: 

Since   WO units  = %m.h-1 

and  SBP units  = mmHg  

hence  SE units  = WO units/SBP units = (%m/h)/(mmHg) = %m/mmHg.h 

 

Therefore SE units = %meters/mmHg.hr or %m/mmHg.h  

= %m.(mmHg.h)-1 

 

 

3.5.6.5 Diastolic efficiency (DE) 

The DE ratio represents the amount of work being performed by a subject per unit of 

diastolic blood pressure at the time. Defining DE mathematically: 

 

Since   DE is WO relative to DBP  

Therefore DE = WO/DBP    Equation 5 
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To define the units of DE: 

Since   WO units  = %m.h-1 

and  DBP units  = mmHg  

hence  DE units  = WO units/DBP units = (%m/h)/(mmHg) = %m/mmHg.h 

 

Therefore DE units = %meters/mmHg.hr or %m/mmHg.h  

= %m.(mmHg.h)-1 

 

3.5.6.6 Respiratory efficiency (RE) 

The RE ratio represents the amount of work being performed by a subject per 

breath. Defining RE mathematically: 

 

Since   RE is WO relative to RR 

Therefore RE = WO/RR     Equation 6 

 

To define the units of RE: 

Since   WO units  = %m.h-1 

and  RR units  = breaths/min = B.min-1 

hence  RE units  = WO units/RR units  = (%m/h)/(B/min) = 

%m.min/B.h 

 

Therefore RE units = %meters.min/breath.hr or %m.min/B.h  

= %m.min.(B.h)-1 
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3.5.6.7 Cardiovascular ratio (CVR) 

The CVR ratio represents the amount of work being performed by the heart’s 

myocardium relative to heart rate. Defining CVR mathematically: 

 

Since   CVR is SBP relative to HR 

Therefore CVR = SBP/HR    Equation 7 

 

To define the units of CVR: 

Since   SBP units  = mmHg 

and  HR units  = beats/min = b.min-1 

hence  CVR units  = SBP units/HR units  = mmHg/(b/min) = 

mmHg.min/b 

 

Therefore CVR units = mmHg.min/beat or mmHg.min/b  

= mmHg.min.b-1 

 

3.5.6.8 Chronopulmonary ratio (CPR) 

The CPR ratio represents the relation between heart and respiratory rates. Defining 

CPR mathematically: 

 

Since   CPR is HR relative to RR 

Therefore CPR = HR/RR     Equation 8 
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To define the units of CPR: 

Since   HR units  = beats/min = b.min-1 

and  RR units  = breaths/min = B.min-1 

hence  CPR units  = HR units/RR units  = (b/min)/(B/min) = b/B 

 

Therefore CPR units = beats/breath  

= b.B-1 

 

3.5.6.9 Inopulmonary ratio (IPR) 

The IPR ratio represents the relation between the work being performed by the heart 

muscle (indicated by SBP) and respiratory rate. Defining IPR mathematically: 

 

Since   IPR is SBP relative to RR 

Therefore IPR = SBP/RR    Equation 9 

 

To define the units of IPR: 

Since   SBP units  = mmHg 

and  RR units  = breaths/min = B.min-1 

hence  IPR units  = SBP units/RR units  = mmHg/(B/min) = 

mmHg.min/B 

 

Therefore IPR units = mmHg.min/breath or mmHg.min/B  

= mmHg.min.B-1 

 

  



72 
 

3.5.6.10 Relationships between the parameters 

 

1. Cardiovascular 

Since  CRE = WO/HR   (from Eqn 2) 

and  SE = WO/SBP   (from Eqn 4) 

and  CVR = SBP/HR   (from Eqn 7) 

Therefore  

CVR = CRE/SE    Equation 10 

 

2. Cardiopulmonary 

Since  CRE = WO/HR   (from Eqn 2) 

and  RE = WO/RR   (from Eqn 6) 

and  CPR = HR/RR   (from Eqn 8) 

Therefore  

CPR = CRE/RE    Equation 11 

 

3. Vascular-pulmonary 

Since  SE = WO/SBP   (from Eqn 4) 

and  RE = WO/RR   (from Eqn 6) 

and  IPR = SBP/RR   (from Eqn 9) 

Therefore  

IPR = RE/SE    Equation 12 
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3.5.6.11 Performance economy 

 

1. Summative endurance performance economy (sEPE) 

The sEPE statement is designed to provide a quick snapshot of physiologic exertion 

during endurance training over a period (t), end-of-stage or peak, allowing a 

correlation of key indices with a specific level of exertion and time interval. The 

summative EPE is given by: 

 

sEPE = WO + time (mins) @ HRt + SBPt + RRt   Equation 13  

 

2. Summative interval performance economy (sIPE) 

The sIPE statement is designed to provide a quick snapshot of physiologic exertion 

during interval training over a period (t), allowing a correlation of key indices with a 

specific level of exertion and time interval. The summative EPE is given by: 

 

sIPE = WOL + WOH + #cycles + time (mins) @ HRt + SBPt + RRt    

Equation 14  
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3. EFC Ramp Dynamics 

The following equations represent the changes during the warm-up (WU), cool-down 

(CD) and recovery at one (R1) and three (R3) minutes post-CD. 

∆HRWU = HR(end WU) – HR(rest)     Equation 15a 

∆HRCD = HR(peak) – HR(end CD)     Equation 15b 

∆HRR1 = HR(end CD) – HR(end R1)     Equation 15c 

∆HRR3 = HR(end R1) – HR(end R3)     Equation 15d 

Note that the same equations above can be used to calculate SBP and/or RR for the 

corresponding stages. 

 

3.5.6 Exclusion Criteria 

The following exclusion criteria, standardised by the administering HREC, were 

applied to screen prospective participants before inclusion in the pilot study sample: 

 

1. People whose primary language is other than English 

2. Women who are pregnant 

3. Children and young people under 18 years of age 

4. People in existing dependent or unequal relationships 

5. Those highly dependent on medical care 

6. People with a cognitive impairment, intellectual disability or a mental illness 

7. Aboriginal and/or Torres Strait Islander peoples 

8. People who may be involved in illegal activity 

9. Those with NYHA Class IV heart failure or with other complex clinical status 

as determined by senior clinical onsite staff. 
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Chapter 4 
Retrospective: Resting outcomes in non-MI patients 

 

 

4.1 Introduction to the Chapter  

 

The variability in CR outcomes reported within the literature has lead to increasing 

debate over the best methods of improving resting parameters such as heart rate 

and blood pressure in patients referred to exercise-based rehabilitation programs. 

Among the key goals of any CR program are improvements in cardiac function and 

regulatory mechanisms governing these variables, aiming to reduce the risk of 

serious cardiovascular events and reduced morbidity and increased mortality. Given 

the clinical context established in Chapter 2, and the demonstrated need to clarify 

the effects of the present IT-based training protocol on resting physiology in clinical 

CR settings, this chapter will analyse the post-program outcomes achieved by non-

MI patients in terms of heart rate (HR), systolic (SBP) and diastolic (DBP) blood 

pressure at rest. The chapter begins with a review of the overall sample 

demographics (N = 4202) of all patients attending the program initially. This is then 

followed by an investigation of the physiological outcomes in non-MI patients within 

the sample (N = 1066) who completed the program, based on pre-program resting 

SBP (SB Bands), which can significantly affect outcomes. Finally, we address the 

combined influence of SB Bands and metabolic syndrome comorbidities (MC 

classification) on these outcomes. 
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4.2 Results 
 

4.2.1 Key Demographics 

The completion rate for all those who attended the program (N = 4202) was 61.0% 

(Table 4.1, N = 2532). Males made up the majority of the sample (N = 3226) 

representing 78.5% of patients analysed (Table 4.1). Average age of all patients was 

61.8 years (Table 4.1, SD = 10.8 yrs), Patients with no history of MI represented 

41.9% (Table 4.1, N = 1724). Binomial logistic regression analysis using all of the 

independent variables shown in Table 4.1, with program completion as the 

dependent variable, showed that the full model containing all predictors was 

statistically significant (2 = 243.551, p < 0.001), explaining between 5.8% (Cox & 

Snell R2) and 7.8% (Nagelkerke R2) of the completion rate, and correctly classifies 

63.8% of cases with a sensitivity of 24.8% and a specificity of 89.0% (Table 4.1). 

Factors which showed a significant contribution to the overall model included age, 

gender, MI classification, hypercholesterolemia, diabetes, family history and 

sedentary lifestyle (Table 4.1, p < 0.001).  
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Table 4.1 – Demographics and analysis of program completion 

 
 

Categorical 
variables 

Parameter N % OR (95% CI) p value 

Total 4202 - - - 

Program Complete 2532 61.0 - - 

Males 3226* 78.5 0.653 (0.56 to 0.77) 0.000 

No MI 1724* 41.9 1.291 (1.12 to 1.49) 0.000 

Hypercholesterolemia 3525* 85.8 0.887 (0.17 to 4.65) 0.000 

Hypertension 2265 55.1 0.290 (0.01 to 15.58) 0.676 

Diabetes 1066* 25.9 21.070 (1.26 to 352.81) 0.000 

Family History 1580* 38.4 2.064 (0.89 to 4.77) 0.000 

Sedentary  2057* 50.0 1.733 (1.52 to 1.98) 0.000 

Beta-Blocker  2615 63.6 0.924 (0.80 to 1.07) 0.011 

ACE Inhibitor  2320 56.4 1.103 (0.96 to 1.27) 0.383 

Continuous 
variables 

Parameter Mean SD 
   

Age (yrs) 61.8* 10.8 1.013 (1.01 to 1.02) 0.000 

Resting HR (bpm)* 76.9 14.4 0.994 (0.99 to 1.00) 0.032 

Resting SBP (mmHg)* 121.8 17.5 0.995 (0.99 to 1.00) 0.065 

Resting DBP (mmHg)* 72.4 10.0 1.004 (0.99 to 1.00) 0.333 

 

MI = myocardial ischemic event; HR = heart rate; SBP = systolic blood pressure; 
DBP = diastolic blood pressure. Statistical analysis involved binary logistic 
regression of the effects of all listed parameters on program completion, applied to 
the raw data sample as a whole. A Bonferroni alpha of 0.001 was used to determine 
significance. *These factors showed a significant contribution to program completion 
based on the overall model incorporating all factors. OR = odds ratio; CI = 
confidence interval. 
 
 

Hypertension and angiotensin converting enzyme inhibitor (ACEI) use varied 

significantly across SB subgroups in males, while hypercholesterolemia and 

hypertension varied significantly between SB subgroups in females (Table 4.2, p < 

0.05). Gender-based multinomial logistic regression using all of the independent 

variables shown in Table 4.2, with SB subgroup allocation as the dependent 

variable, showed that the full model containing all predictors was statistically 

significant in males (2 = 51.6, p<0.001) and females (2 = 30.4, p<0.001), with the 

model explaining 6.2% to 7.4%, and 11.2% to 13.1% (Cox & Snell R2 and 

Nagelkerke R2) of the variance in SB subgroup allocations in males and females 
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respectively. Only the prevalence of hypertension diagnosis contributed significantly 

(p < 0.001) to SB subgroup allocation in either gender (Table 4.2). 

 
 

Table 4.2 – Pre-program categorical parameters in non-MI patients by SB subgroups 

 

SB1, SB2, and SB3 = pre-program resting SBP classifications. Statistical analysis 
involved Pearson’s chi-square test for intergroup variation for each independent 
variable, followed by multinomial logistic regression analysis of all independent 
variables combined against SB subgroup allocation as the dependent variable. 
*These parameters showed significant (p < 0.05) differences based on Pearson’s chi 
analysis of gender-based SB subgroups. #These parameters showed a significant 
contribution to SB group allocation using a corrected Bonferroni alpha of 0.008. 
 
 

Table 4.3 summarises the continuous demographic variables (age, BMI, and resting 

HR and DBP) for the data sample in the present study based on gender and SB 

subgroups. In males and females, resting DBP and age variables showed significant 

variance across SB subgroups, while resting HR in females and BMI in both genders 

showed no significant variance (using a Bonferroni adjusted alpha value of 0.01). 

One-way MANOVA analysis, using SB subgroup allocation as the dependent 

variable and the continuous demographic parameters above as the independent 

  
 

      

  
 

SB1 SB2 SB3 

GENDER 
SUBGROUPS 

GENDER Total (n) 113 515 186 

 
MALES 

Hyperchol. - n(%) 84 (74.3) 433  (84.1) 161 (86.6) 

Hypertension - n(%)*
#
 43 (38.1) 294 (57.1) 142 (76.3) 

Diabetes - n(%) 27 (23.9) 123 (23.9) 59 (31.7) 

Family History - n(%) 43 (38.1) 200 (38.8) 71 (38.2) 

Sedentary - n(%) 44 (38.9) 198 (38.4) 86 (46.2) 

Beta-Blocker - n(%) 66 (58.4) 277 (53.8) 96 (51.6) 

ACE Inhibitor - n(%)* 71 (62.8) 241 (46.8) 105 (56.5) 

Total (n) 33 147 79 

FEMALES 

Hyperchol. - n(%)* 22 (66.7) 119 (81.0) 72 (91.1) 

Hypertension - n(%)*
#
 10 (30.3) 92 (62.6) 58 (73.4) 

Diabetes - n(%) 4 (12.1) 32 (21.8) 22 (27.8) 

Family History - n(%) 11 (33.3) 59 (40.1) 37 (46.8) 

Sedentary - n(%) 19 (54.5) 79 (53.7) 38 (48.1) 

Beta-Blocker - n(%) 18 (54.5) 63 (42.9) 41 (51.9) 

ACE Inhibitor - n(%) 14 (42.4) 69 (46.9) 44 (55.7) 
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variables, showed that following resting DBP, age represented the greatest predictor 

in the overall model in both genders (Table 4.3, Effect size = 0.053, p < 0.001 in 

males, and Effect size = 0.150, p < 0.001 in females, respectively). The model 

showed a statistically significant difference between SB subgroups based on the 

combined dependent variables in males (Effect size = 0.195, and p < 0.001) and 

females (Effect size = 0.241, and p < 0.001). 

 

Table 4.3 – Pre-program physiological characteristics in non-MI patients by SB 
subgroups 

 

 
 

      

 
 

SB1 SB2 SB3 

Males 

Total (n) 113 515 186 

Age - yrs (SD)* 56.4 (11.9) 61.3 (10.5) 64.8 (9.7) 

BMI - kg.m-2 (SD)  26.5 (3.9) 28.0 (4.7) 28.6 (4.5)  

HR (bpm) (SD)* 78.0 (15.3) 76.7 (14.2) 74.1 (13.0) 

DBP (mmHg) (SD)* 63.5 (6.2) 71.7 (8.7) 80.0 (9.2) 

Females 

Total (n) 33 147 79 

Age - yrs (SD)* 53.0 (11.7) 63.1 (10.9) 67.2 (7.9) 

BMI - kg.m-2 (SD)  25.9 (4.8) 28.4 (6.9) 29.4 (6.1) 

HR (bpm) (SD) 78.6 (15.1) 80.9 (13.7) 76.0 (16.6) 

DBP (mmHg) (SD)* 60.5 (9.0) 71.7 (8.9) 78.4 (9.7) 

 
 

SB1, SB2, and SB3 = pre-program resting SBP classifications. Statistical analysis 
involved one-way MANOVA of all the listed dependent variables against SB 
subgroup allocation as the independent variable. Bonferroni corrected alpha of 0.01 
was used to determine significance within the MANOVA. *These parameters showed 
a significant difference across SB groups. 
 
 
4.2.2 Effect on resting HR 

Significant HR reductions were observed in males classified as SB2 (Table 4.4, N = 

515, ∆HR = -1.4 bpm, p < 0.05) and females classified as SB2 (Table 4.4, N = 147, 

∆HR = -2.6 bpm, p < 0.05). One-way MANOVA comparison of SB subgroups for 

resting HR outcomes showed no significant differences in either gender (Table 4.4, p 

> 0.05). 
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4.2.3 Effect on resting SBP 

Males classified as SB1 and SB2 showed resting SBP increases (Table 4.4, N = 113 

and ∆SBP = 10.6 mmHg, and N = 515 and ∆SBP = 1.6 mmHg, respectively with p < 

0.001). Males classified as SB3 showed a reduced SBP (Table 4.4, N = 186, ∆SBP = 

-12.0 mmHg, p < 0.001). Females classified as SB1 showed increased resting SBP 

(Table 4.4, N = 33, ∆SBP = 11.3 mmHg, p < 0.001) whilst it was reduced in females 

classified as SB3 (Table 4.4, N = 79, ∆SBP = -12.0 mmHg, p < 0.001). One-way 

MANOVA comparison of SB subgroups showed that SB subgroup allocation had an 

Effect size of 0.166 on resting SBP outcomes in males and 0.141 in females (Table 

4.4, p < 0.001).  

Table 4.4 – Physiological at-rest outcomes in non-MI patients by SB subgroups  
 
 
 

 
 

SB1, SB2, and SB3 = pre-program resting SBP classifications. Outcomes shown 
represent means of post- minus pre-program values. Analysis involved one-way 
MANOVA of resting heart rate (HR), systolic (SBP) and diastolic (DBP) blood 
pressure as dependent variables against SB subgroup allocation as the independent 
variable, for each gender independently. Bonferroni corrected alpha of 0.017 was 
used to determine significance within the MANOVA. *These outcomes represent 
significant (p < 0.05) changes based on paired t-test analysis of pre- and post-
program resting values. # These parameters showed significant differences across 
SB group allocation. 
 

  

 

 

  

 SB1 SB2 SB3 

Males 

Total (n) 113 515 186 

HR 
∆(bpm) -1.3 -1.4* -0.4 

SD 12.1 12.3 11.3 

SBP
#
 

∆(mmHg) 10.6* 1.6* -12.0* 

SD 17.1 14.4 18.7 

DBP
#
 

∆(mmHg) 4.7* 0.1 -4.3* 

SD 11.0 9.8 10.0 

Females 

Total (n) 33 147 79 

HR 
∆(bpm) -2.6 -2.6* -1.2 

SD 12.4 14.5 13.1 

SBP
#
 

∆(mmHg) 11.3* -1.0 -12.0* 

SD 10.4 20.5 15.5 

DBP
#
 

∆(mmHg) 8.8* -2.0* -4.6* 

SD 10.8 10.9 9.5 
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In males: (a) within the SB1 subgroup, graded resting SBP increases were shown for 

groups progressing from MC1 (Table 4.5, N = 26, ∆SBP = 9.1 mmHg , SD = 10.5, p 

< 0.01) to MC4 (Table 4.5, N = 7, ∆SBP = 16.4 mmHg, SD = 6.3, p < 0.01);  (b) 

within the SB2 subgroup, significant changes in resting SBP were achieved by MC3 

(Table 4.5, N = 188, ∆SBP = 2.5 mmHg, SD = 15.2, p < 0.001) and MC4 (Table 4.5, 

N = 70, ∆SBP = 7.0 mmHg, SD = 12.5, p < 0.001) patients; (c) within the SB3 

subgroup, significant changes in resting SBP were achieved by subgroups ranging 

from MC1 (Table 4.5, N = 11, ∆SBP = -10.5 mmHg, SD = 20.2, p < 0.05) to MC4 

(Table 4.5, N = 38, ∆SBP = -7.7 mmHg, SD = 15.6, p < 0.01). Two-way ANOVA 

applied to resting SBP outcomes in males based on SB and MC subgroup 

allocations showed that both SB (Table 4.5, Effect size = 0.067, p < 0.001) and MC 

(Table 4.5, Effect size = 0.014, p = 0.02) allocations showed significant variance in 

resting SBP outcomes. 

 
 

4.2.4 Effect on resting DBP 

Males classified SB1 showed resting DBP increases (Table 4.4, N = 113, ∆DBP = 

4.7 mmHg, SD = 11.0, p < 0.001), while those classified SB3 showed a reduced 

resting DBP (Table 4.4, N = 186, ∆DBP = -4.3 mmHg, SD = 10.0, p < 0.001). 

Females classified SB1 showed increased resting DBP (Table 4.4, N = 33, ∆DBP = 

8.8 mmHg, SD = 10.8, p < 0.001) whilst it was reduced in females classified as SB3 

(Table 4.4, N = 79, ∆DBP = -4.6 mmHg, SD = 9.5, p < 0.001). One-way MANOVA 

comparison of SB subgroups for resting DBP outcomes showed significant 

differences in both males (Table 4.4, Effect size = 0.067, p < 0.001) and females 

(Table 4.4, Effect size = 0.133, p < 0.001,). 

 



82 
 

Table 4.5 – Resting SBP outcomes in non-MI males by SB and MC subgroups 

     

   
SBP Outcome 

  
n Mean SD 

SB1 

MC0 10 3.2 6.4 

MC1 26 9.1* 10.5 

MC2 41 9.9* 12.3 

MC3 29 14.0* 28.2 

MC4 7 16.4* 6.3 

SB2 

MC0 18 -3.1 9.6 

MC1 59 -2.2 12.4 

MC2 180 0.2 14.7 

MC3 188 2.5* 15.2 

MC4 70 7.0* 12.5 

SB3 

MC0 2 -22.5 - 

MC1 11 -10.5* 20.2 

MC2 55 -14.5* 16.2 

MC3 80 -12.4* 21.4 

MC4 38 -7.7* 15.6 

 

SB1, SB2, and SB3 = pre-program resting SBP classifications. Outcomes represent 
post- minus pre-program resting SBP values. Statistical analysis involved two-way 
ANOVA of resting systolic blood pressure (SBP) as the independent variable against 
SB subgroup and MC subgroup allocations as the dependent variables. *These 
outcomes represent significant (p < 0.05) changes based on paired t-test analysis of 
pre- and post-program resting SBP values.  

 
 
 
4.3 Discussion 

 

4.3.1 Overview 

A broad perspective on the current results shows: (a) only normotensive (i.e. SB2) 

males and females showed significant resting HR changes post-program; (b) while 

males classified SB2 showed a resting SBP increase of slight clinical significance 

without DBP changes, SB2 females showed the reverse (i.e. DBP reductions only); 

(c) males and females classified SB1 (i.e. hypotensive, SBP < 100 mmHg) achieved 

average resting SBP and DBP increases; (d) males and females classified SB3 (i.e. 

hypertensive, SBP > 130 mmHg) showed average reductions in resting SBP and 

DBP; (e) the stratification of resting SBP outcomes in males based on SB and MC 
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classification yielded significant variations. The primary limitation of the present study 

was the relatively low number of female patients.  

 

4.3.2 Important demographics 

Demographic data from the Italian ISYDE-2008 study [152] suggested that women 

are less frequently admitted to CR than men, are generally older and show a greater 

level of cardiovascular burden. The present data shows a significantly lower number 

of females in the overall CR population, with 78.5% being male. However it is 

unclear in the present study if this discrepancy is due to lower referral rate, lower 

uptake rates, or a combination of these in females. The program completion rate was 

61.0%, and binary logistic regression analysis of the present data showed that age, 

gender, MI classification, hypercholesterolemia, diabetes and sedentary lifestyle may 

all impact on program completion. This seems to confirm that adherence to 

outpatient CR is a complex issue. A small study [123] reporting on the effectiveness 

of best practice referral procedures at the Royal Melbourne Hospital and other 

associated facilities suggested that outpatient CR program completion by patients 

who underwent CABG procedures at these facilities was relatively high at 73%. 

However the significantly larger data sample in the present study likely provides a 

more reliable indicator on expected adherence levels in public outpatient CR 

settings.  
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4.3.3 Gender and outcomes 

The role of gender in determining outcomes may best be appreciated by considering 

the trends in resting SBP outcomes above. While normotensive males and females 

showed slightly reduced post-program resting HR, SB2 males also showed reduced 

resting SBP while SB2 females did not. Furthermore while SB subgroup allocation 

(and thus pre-program resting SBP) was markedly better at explaining the variance 

in male outcomes in SBP than DBP (16.6% as opposed to 6.7%, respectively), the 

variances explained in SBP and DBP in females were relatively closer (14.1% and 

13.3%, respectively). The precise reason(s) for these gender differences are not 

clear from the present data, given the lack of any apparent major demographic 

differences to explain the observations. 

 

4.3.4 Changes in resting HR 

The lack of resting HR changes in SB1 hypotensive and SB3 hypertensive patients 

suggests that for these two diametrically opposed subgroups, the net central 

adaptations yielded greater changes in factors affecting cardiac output and/or 

vascular resistance than those affecting heart rate. In both these subgroups it is 

clear that some of the factors that regulate resting SBP and DBP have changed, but 

seemingly not those affecting HR at rest. These factors may include either 

physiological and/or structural changes in cardiac and/or vascular tissue [99, 153], or 

alterations in regulatory mechanisms and mediators governing the tone of 

myocardial and/or vascular tissue [15, 154, 155], or some combination of both [156]. 

There is little or no suitable evidence in the literature for the comparison of the 

present findings on resting HR, SBP and DBP changes following IT in CAD patients, 

with a wide variation in exercise protocols investigating cardiovascular parameters in 



85 
 

CAD patients and few reporting on at-rest outcomes. Thus the precise cause(s) for 

the lack of HR changes in SB1 and SB3 patients are unclear. Randomised and 

controlled studies in each of these SB subgroups are needed to confirm these 

findings. While no significant variations were found in beta-blocker and ACE-inhibitor 

between SB subgroups in each gender separately, and the rates of use of these 

appear generally similar between the genders, further analysis is needed to 

determine the precise contributions of these factors to outcomes. The present 

evidence suggests that IT interventions of 6-8 weeks duration can produce 

significant reductions in resting HR in normotensive CAD patients, but not in SB1 

and SB3 males or females. 

 

4.3.5 Changes in resting BP 

High-intensity IT has been shown to compensate for age-related decline in central 

diastolic and systolic function [157], and evidence addressing the use of IT in CAD 

patients [156] suggests that this form of training achieves significant changes in left 

ventricular structure and function, and improved ejection fraction, to a greater degree 

than conventional endurance training (ET) protocols commonly applied in CR. Other 

results [158] also show that patients with an MI attending exercise based CR who 

show an improved myocardial perfusion at rest post-intervention also show a 

reduced resting HR. The use of IT in hypertensive patients [88, 159, 160] has also 

been shown to reduce blood pressure perhaps more effectively than ET. Longer 

term adaptations to IT were suggested to include physiological adaptations early 

followed by structural adaptations with normal sensitivity to nitric oxide (endothelial 

derived vasodilator) in vessel walls during later stages [15]. Other recent evidence 

suggests that flow-mediated dilation (FMD) may not increase significantly in CHF 
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patients (for example) with cycle interval training alone [99], but the improvements in 

vascular reactivity and FMD require combined IT and resistance training (RT). No 

clear consensus has yet been reached on the best way to enhance vascular 

reactivity.  

 

The present findings relating to resting SBP and DBP outcomes suggest that males 

and females generally showed corrections in these parameters tending towards 

expected levels. That is, SB3 patients who had elevated blood pressure pre-program 

(SBP > 130 mmHg) showed reduced SBP and DBP following the IT intervention. 

Patients classified SB1 and therefore hypotensive (with a resting SBP < 100 mmHg 

pre-program) conversely showed elevated resting SBP post-intervention. However, 

another interesting gender differential was revealed by the present data in relation to 

SB2 normotensive patients (100 < SBP < 130 mmHg). Male SB2 patients showed a 

slightly increased resting SBP post-intervention whilst female SB2 patients showed 

no significant change in resting SBP. A report investigating data from the 

Framingham study in the US showed very clear gender differences in pulse rate and 

diastolic blood pressure at various life stages, and particularly during later years of 

life [161] where it was demonstrated that females may tolerate greater deviations 

from expected normal values than males of the same age. This implies that, in the 

absence of disease, males will be more significantly affected by similar deviations to 

physiology as opposed to females. This may help to explain reported gender 

differentials not only in various disease risks, but may also explain why SB2 females 

in the present study did not achieve the same adaptation and increase in SBP shown 

in male SB2 patients. Simply put, the female SB2 patients may have coped better 

physiologically with the applied IT demands, thus leading to diminished adaptations 
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due to lesser physiologic challenges. Further research is needed to clarify the 

precise cause(s) for this observed gender differential in SBP and DBP outcomes. 

 

4.3.6 Impact of comorbidities 

Differential impacts of various levels of comorbidities (represented by MC0 to MC4 

categories in this study) were also shown in males. For example in male SB3 

patients, SBP outcomes seem to increase from MC1 to MC2, followed by 

significantly lower for MC3 lower again for MC4 patients. These findings suggest that 

hypertensive males with lower comorbidity burdens may achieve greater SBP 

reductions following CR. However, hypotensive SB1 males showed outcomes which 

appear to be more consistently graded according to MC subgroup allocation such 

that average SBP increases are progressively greater from MC1 to MC4 

classifications. This shows that those hypotensive patients with the greatest 

comorbidity burden may benefit the most from exercise. Larger prospective 

controlled studies are needed to clarify these apparent SBP outcome patterns. What 

also remains unclear from the present data is the difference in outcomes resulting 

from precise combinations of different comorbidities. Obesity and diabetes, for 

example, may impact on outcomes differently than obesity and hypertension, 

although both would be classified as MC2 in the present study. Addressing this 

limitation requires larger samples sizes to allow finer differentiation of MC categories. 

However what appears clear is that pre-program SB and MC classification 

significantly influence patient outcomes following IT. The present findings 

demonstrate the extent to which pre-program resting blood pressure and 

comorbidities influence post-program at-rest physiology outcomes, explaining some 

of the variability in reported CR outcomes elsewhere.  
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4.3.7 Implications for clinical practice 

The four comorbidities chosen in the present study as the basis of the MC 

classifications (i.e. hypercholesterolemia, hypertension, obesity, and diabetes) form 

the basis of the majority of metabolic syndrome (Met-S) definitions. Conjecture exists 

on the best definition of Met-S, although detailed elaboration on this matter is beyond 

the scope of the present thesis. Additionally there is growing evidence for significant 

gender differences in terms of outcomes and disease risk associated with Met-S. A 

recent study [32] concluded that Met-S was a more reliable predictor of reduced 

outcomes in females than in males following an intensive 3-week (6 days per week, 

2 sessions per day) rehabilitation program. Thus gender is again an important 

consideration at the level of MC correction. Insufficient data was available in the 

current study to allow an adequate analysis of the effects of MC classification in 

females. 

 

Although the present study investigated data relating only to resting physiology, the 

effectiveness of IT in delivering risk reduction and functional capacity benefits should 

also be considered in evaluating the usefulness of IT interventions in CAD patients. 

Several recent reviews have discussed the benefits of IT in CR, particularly in 

addressing cardiovascular and metabolic disease risk [162-164]. Functional capacity 

improvements with IT have been extensively reported, including increases in peak 

O2 uptake [165] and VO2 max [166]. Large studies are also ongoing to investigate 

the usefulness of IT. The SMARTEX-HF study [167] currently under way should 

provide results demonstrating to what extent IT delivers benefits in myocardial 

function in heart failure patients.  
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Further research is also necessary to clarify trends within the present study and 

several points of debate within the literature. For example, some authors have 

reported greater improvements in cardiovascular physiology and functional capacity 

with IT over ET [156], whilst some small studies with varying exercise protocols 

continue to report equivalent outcomes with ET and IT [168, 169]. One current study 

[170] aims to investigate the effects of exercise dose on obesity and cardiovascular 

risk factors and may help to clarify the role of exercise-dose in outcomes. Other work 

has shown that IT improves the deformability of erythrocytes and reduces their 

aggregation in heart failure patients, but that these benefits are attenuated by 

anaemia [171]. This seems to confirm that ideal CR exercise prescription protocols 

with optimal modality choice(s) are yet to be defined. Furthermore these protocols 

need to address the roles of gender, primary pathologies and comorbidities as 

revealed by the present findings. Such studies need to include large sample sizes to 

address the small number of patients included in some MC subgroups herein and 

particularly in females where group numbers prevented MC subgroup analysis. The 

implications of the current work include: (a) gender seems to play a role in 

determining CR outcomes; (b) pre-program resting SBP seems to affect post-

program outcomes in resting HR, SBP and DBP; (c) metabolic comorbidity-clustering 

may further predict CR outcomes.  

 

4.4 Conclusion 

We have shown that IT can reduce HR in normotensive patients, and correct SBP 

and DBP towards normal levels in hypo- and hypertensive CAD patients. The 

present findings also confirm that gender, pre-program resting SBP and metabolic 

comorbidities may significantly impact these outcomes.  
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Chapter 5 
Retrospective: Peak outcomes in non-MI patients 

 

5.1 Introduction to the Chapter  

 

In addition to increasing debate over the best methods of improving resting 

parameters such as heart rate and blood pressure in patients referred to exercise-

based rehabilitation programs, CR programs are also being evaluated on their 

capacity to improve functional capacity and peak physiology. Improvements in 

cardiac function and regulatory mechanisms governing peak responses to exercise 

can significantly reduce the risk of serious cardiovascular events. Following on from 

the clinical context established in Chapter 2, this chapter will analyse the post-

program outcomes achieved by non-MI patients in terms of peak heart rate (HR) and 

systolic blood pressure (SBP), and EST Minutes. The chapter begins with a review 

of the overall sample demographics (N =1063) of all non-MI patients who completed 

the program. This is then followed by an investigation of the peak HR, SBP and EST 

Minute outcomes in non-MI patients within the sample based on pre-program resting 

SBP (SB Bands), which can significantly affect outcomes. Finally, we address the 

combined influence of SB Bands and metabolic syndrome comorbidities (MC 

classification) on these same outcomes. 
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5.2 Results 
 
 
5.2.1 Key Demographics 

Hypertension and ACEI use varied significantly across SB subgroups in males, while 

hypercholesterolemia and hypertension varied significantly between SB subgroups in 

females (Table 5.1, p < 0.05).  

 

Table 5.1 - Categorical demographics in non-MI patients by SB 
subgroups 

     

 
Parameter SB1 SB2 SB3 

Males 

Total (N) 110 511 185 

Hyperchol. - n(%) 82 (74.5) 429 (84.0) 160 (86.5) 

*
#
Hypertension - n(%) 42 (38.2) 292 (51.7) 142 (76.8) 

Diabetes - n(%) 25 (22.7) 123 (24.1) 59 (31.9) 

Family History - n(%) 42 (38.2) 198 (38.7) 71 (38.4) 

Sedentary - n(%) 44 (40.0) 196 (38.4) 85 (45.9) 

Beta-Blocker - n(%) 64 (58.2) 274 (53.6) 96 (51.9) 

*ACE Inhibitor - n(%) 42 (38.2) 239 (46.8) 105 (56.8) 

Females 

Total (N) 33 146 78 

*Hyperchol. - n(%) 22 (66.7) 118 (80.8) 71 (91.0) 

*
#
Hypertension - n(%) 10 (30.3) 91 (62.3) 57 (73.1) 

Diabetes - n(%) 4 (12.1) 31 (21.2) 22 (28.2) 

Family History - n(%) 11 (33.3) 58 (39.7) 36 (46.2) 

Sedentary - n(%) 19 (57.6) 78 (53.4) 37 (47.4) 

Beta-Blocker - n(%) 18 (54.5) 62 (42.5) 41 (52.6) 

ACE Inhibitor - n(%) 14 (42.4) 69 (47.3) 43 (55.1) 

 
SB1, SB2, and SB3 = pre-program resting SBP classifications. Analysis involved 
Pearson’s chi-square test for intergroup variations, followed by multinomial logistic 
regression analysis of all independent variables against SB subgroup allocation as 
the dependent variable. *These showed significant (p < 0.05) differences with 
Pearson’s chi analysis. #These parameters showed a significant contribution to SB 
group allocation using a corrected Bonferroni alpha of 0.008.  
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Gender-based multinomial logistic regression using all of the independent variables 

shown in Table 5.1, with SB subgroup allocation as the dependent variable, showed 

that the full model containing all predictors was statistically significant in males (2 = 

51.6, p<0.001) and females (2 = 30.4, p<0.001), with the model explaining 6.2% to 

7.4%, and 11.2% to 13.1% (Cox & Snell R2 and Nagelkerke R2) of the variance in SB 

subgroup allocations in males and females respectively. Only the prevalence of 

hypertension diagnosis contributed significantly (p < 0.001) to SB subgroup 

allocation in either gender (Table 5.1). 

 

Table 5.2 summarises the continuous demographic variables (age, BMI, resting HR, 

SBP and DBP, peak HR and SBP, and Minutes during EST assessment) for the data 

sample in the present study based on gender and SB subgroups. One-way 

MANOVA analysis, using SB subgroup allocation as the categorical dependent 

variable and the continuous demographic parameters above (excluding Rest SBP) 

as the independent variables, showed that age, resting DBP and Peak SBP 

variables showed significant variance across SB subgroups, while pre-program BMI 

and EST Minutes showed significant variance only in males (based on a Bonferroni 

adjusted alpha value of 0.007). In males, resting DBP (Table 3, Effect size = 0.253, p 

< 0.001) was followed by Peak SBP (Table 5.2, Effect size = 0.235, p < 0.001) as the 

parameters most influenced by SB group allocation. This was reversed in females 

with Peak SBP (Table 5.2, Effect size = 0.316, p < 0.001) being followed by Rest 

DBP (Table 5.2, Effect size = 0.053, p < 0.001) as the parameters most influenced 

by SB group allocation. The model showed a statistically significant difference 

between SB subgroups based on the combined dependent variables in males (Wilks’ 
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Lambda = 0.539, Effect size = 0.461, and p < 0.001) and females (Wilks’ Lambda = 

0.494, Effect size = 0.506, and p < 0.001). 

 

 

Table 5.2 - Continuous demographics in non-MI patients by SB subgroups 

        

  

SB1 SB2 SB3 

  
Mean SD Mean SD Mean SD 

Males 

*Age 56.5 12.0 61.2 10.5 64.7 9.2 

*BMI 26.5 3.9 28.1 4.5 28.7 4.5 

Rest HR 78.0 15.3 76.7 14.2 74.0 13.0 

*Rest SBP 97.1 4.1 117.6 8.5 145.3 8.8 

*Rest DBP 63.6 6.2 71.7 8.7 80.1 9.2 

Peak HR 117.5 19.2 121.1 21.8 119.1 21.1 

*Peak SBP 133.3 21.8 156.5 23.9 177.4 23.8 

*EST Minutes 6.2 3.5 5.8 3.1 5.0 3.0 

Females 

*Age 53.0 11.7 63.1 10.9 67.1 7.9 

BMI 25.9 4.8 28.3 6.9 29.3 6.1 

Rest HR 78.6 15.1 80.8 13.7 76.2 16.7 

*Rest SBP 95.0 5.0 118.3 8.4 146.5 10.9 

*Rest DBP 60.5 9.1 71.7 8.9 78.5 9.7 

Peak HR 117.6 21.1 117.1 21.7 108.7 23.9 

*Peak SBP 120.7 16.1 147.6 21.5 166.9 20.9 

EST Minutes 4.4 3.2 3.6 2.7 3.1 2.7 

 
SB1, SB2, and SB3 = pre-program resting SBP classifications. Statistical analysis 
involved one-way MANOVA of all the listed dependent variables against SB 
subgroup allocation as the independent variable. Bonferroni corrected alpha of 0.007 
was used to determine significance within the MANOVA. *These parameters showed 
a significant difference across SB groups. 
 

5.2.2 Effect on Peak HR 

From SB1 to SB3 subgroups, males showed progressively lesser Peak HR 

increases (Table 5.3: N = 110 and ∆HR = 16.7 bpm, and SD = 17.7 for SB1; N = 

185, ∆HR = 5.7 bpm, and SD = 17.3 for SB3, respectively with p < 0.001). Females 

also showed progressively lesser Peak HR increases ranging from SB1 to SB3 

subgroups. (Table 5.3: N = 33 and ∆HR = 11.6 bpm, and SD = 17.9 for SB1; N = 

578, ∆HR = 8.0 bpm, and SD = 20.7 for SB3, respectively with p < 0.001).  
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Table 5.3 - Outcomes in peak physiology in non-MI 

patients by SB subgroups. 

   
      

      SB1 SB2 SB3 

 Males 

*HR 
∆HR (bpm) 16.7 8.5 5.7 

SD 17.7 18.3 17.3 

*SBP 
∆SBP (mmHg) 17.0 11.0 3.6 

SD 19.2 22.6 24.0 

*MIN 
∆Mins 2.1 2.1 2.1 

SD 3.0 2.3 2.4 

Females 

*HR 
∆HR (bpm) 11.6 6.6 8.0 

SD 17.9 18.6 20.7 

*SBP 
∆SBP (mmHg) 20.4 7.4 2.5 

SD 23.7 19.5 24.7 

*MIN 
∆Mins 1.7 1.8 1.5 

SD 2.2 2.2 2.3 

 
SB1, SB2, and SB3 = pre-program resting SBP classifications. Statistical analysis 
involved paired samples T-test outcomes and one-way MANOVA of all the listed 
dependent variables against SB subgroup allocation as the independent variable. 
Bonferroni corrected alpha of 0.007 was used to determine significance within the 
MANOVA. All outcomes represented statistically significant changes (p < 0.05). 
*These parameters showed a significant difference across SB groups. 
 
 

One-way MANOVA comparison of SB subgroups showed that SB subgroup 

allocation had an Effect size of 0.032 on Peak HR outcomes in males (Table 5.3, p < 

0.001). In males: (a) within the SB1 subgroup, the greatest Peak HR increases were 

shown for the MC2 group (Table 5.4, N = 40, ∆HR = 20.2 bpm , SD = 14.5, p < 0.01);  

(b) within the SB2 subgroup, graded increases in Peak HR were achieved by MC1 

(Table 5.4, N = 59, ∆HR = 12.0 bpm, SD = 33.6, p < 0.001) to MC4 (Table 5.4, N = 

70, ∆HR = 5.6 bpm, SD = 13.9, p < 0.001) patients; (c) within the SB3 subgroup, 

significant changes in Peak HR were achieved by subgroups ranging from MC1 

(Table 5.4, N = 10, ∆HR = 14.1 bpm, SD = 14.8, p < 0.05) to MC4 (Table 5.4, N = 38, 

∆HR = 5.7 bpm, SD = 16.6, p < 0.05). Two-way MANOVA of Peak HR outcomes in 
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males based on SB and MC subgroup allocations showed that SB subgroup 

allocation  influenced Peak HR outcomes (Table 5.4, Effect size = 0.010, p < 0.05), 

but MC group allocation did not (p > 0.05). 

 

5.2.3 Effect on Peak SBP 

From SB1 to SB3 subgroups, males showed progressively lesser peak SBP 

increases (Table 5.3: N = 110 and ∆SBP = 17.0 mmHg, and SD = 19.2 for SB1; N = 

185, ∆SBP = 3.6 mmHg, and SD = 24.0 for SB3, respectively with p < 0.001). 

Females also showed progressively lesser Peak HR increases ranging from SB1 to 

SB3 subgroups. (Table 5.3: N = 33 and ∆SBP = 20.4 mmHg, and SD = 23.7 for SB1; 

N = 78, ∆SBP = 2.5 mmHg, and SD = 24.7 for SB3, respectively with p < 0.001). 

One-way MANOVA comparison of SB subgroups showed that SB subgroup 

allocation had an Effect size of 0.032 on Peak SBP outcomes in males, and an 

Effect size of 0.059 in females (Table 5.3, p < 0.001). In males: (a) within the SB1 

subgroup, the greatest Peak SBP increase was seen in MC4 group (Table 5.4, N = 

6, ∆HR = 19.7 mmHg , SD = 12.8, p < 0.05) with equal outcomes shown for MC0 

and MC1 groups (Table 5.4, N = 10 and 25 respectively, ∆SBP = 18.5 mmHg, SD = 

21.6 and 17.6 respectively, p < 0.01);  (b) within the SB2 subgroup, increases in 

Peak SBP ranged from MC0 (Table 5.4, N = 18, ∆SBP = 13.6 mmHg, SD = 19.5, p < 

0.001) to MC1 (Table 5, N = 59, ∆SBP = 8.9 mmHg, SD = 17.4, p < 0.001) patients; 

(c) within the SB3 subgroup, no changes in Peak SBP were statistically significant 

(Table 5.4, p > 0.05). Two-way MANOVA of Peak SBP outcomes in males based on 

SB and MC subgroup allocations showed that SB subgroup allocation influenced 

peak SBP outcomes (Table 5.4, Effect size = 0.008, p < 0.05), but MC group 

allocation did not (p > 0.05). 
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5.2.4 Effect on EST Minutes 

From SB1 to SB3 subgroups, males showed equivalent increases in EST Minutes of 

∆Mins = 2.1 mins (Table 5.3: p < 0.01). Females also showed increases in EST 

minutes ranging from ∆Mins = 1.8 mins in SB2 (Table 5.3: N = 146, SD = 2.2, p < 

0.01) to ∆Mins = 1.5 mins in SB3 (Table 5.3, N = 78, ∆Mins = 1.5, and SD = 2.3, p < 

0.01). One-way and two-way MANOVA analyses showed that neither SB nor MC 

subgroup allocations influence outcomes in EST Minutes.   

 

Table 5.4 - Outcomes in peak physiology in non-MI patients by SB and 
MC subgroups. 

         

   
aHR aSBP MIN 

 
Cat N Mean SD Mean SD Mean SD 

SB1 

MC0 10 17.3* 22.5 18.5* 21.6 2.3 4.5 

MC1 25 16.6* 18.5 18.5* 17.6 2.8* 2.7 

MC2 40 20.2* 14.5 16.7* 20.1 1.6* 2.5 

MC3 29 12.1* 18.8 15.0* 20.6 1.9* 3.4 

MC4 6 15.0 20.2 19.7* 12.8 2.2* 1.2 

SB2 

MC0 18 12.3 33.6 13.6* 19.5 2.2* 1.7 

MC1 59 12.0* 18.5 8.9* 17.4 2.4* 2.1 

MC2 177 8.6* 17.5 11.2* 23.9 2.3* 2.5 

MC3 187 8.0* 18.5 10.6* 24.0 2.1* 2.3 

MC4 70 5.6* 13.9 12.8* 20.5 1.5* 2.3 

SB3 

MC0 2 29.0 2.8 17.5 31.8 2.5 3.5 

MC1 10 14.1* 14.8 7.0 22.3 1.6 2.8 

MC2 55 3.3 16.8 2.7 19.5 2.0* 2.9 

MC3 80 5.7* 17.9 3.1 27.0 2.3* 2.2 

MC4 38 5.7* 16.6 4.2 23.9 1.9* 2.1 

 
SB1, SB2, and SB3 = pre-program resting SBP classifications. Statistical analysis 
involved paired samples T-test outcomes and one-way MANOVA of all the listed 
dependent variables against SB subgroup allocation as the independent variable. 
Bonferroni corrected alpha of 0.007 was used to determine significance within the 
MANOVA. *These outcomes represented statistically significant changes (p < 0.05). 
aThese parameters showed a significant difference across SB groups. 
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5.3 Discussion 

 

5.3.1 Overview 

The current findings demonstrate: (a) SB group allocations affected outcomes in 

Peak HR and Peak SBP, but not in EST Minutes; (b) after correcting for SB groups, 

MC subgroup allocations had no further influence on outcomes on Peak HR or Peak 

SBP; (c) males showed progressively lower Peak HR and Peak SBP outcomes from 

SB1 to SB3 groups, while male outcomes in EST Minutes were very consistent 

across SB groups; (d) females showed progressively lower Peak SBP outcomes 

from SB1 to SB3, while SB2 females showed the lowest Peak HR and highest EST 

Minute outcomes; (e) all outcomes represented increases from pre-program values. 

 

5.3.2 Important demographics 

Significant pre-program variations across SB groups were shown for age, BMI, rest 

SBP and DBP, peak SBP and EST Minutes. All but the last of these increased 

consistently from SB1 to SB3, with EST Minute outcomes decreasing from a 

maximal value in SB1 patients. Based on this pre-program data, patients admitted to 

the CR program and assessed at rest as hypertensive during pre-program 

assessment were generally older, had higher BMI and resting blood pressure, 

showed a significantly higher peak BP and achieved the lowest durations during EST 

testing.  

 

Diagnosed hypertension varied as expected between SB groups in both genders. 

Additionally, ACEI use varied significantly in males only, while hypercholesterolemia 

varied only in females, based on SB groups (Table 2). However SB groups are 
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based on the assessed BP at the time of pre-program assessment rather than a prior 

diagnosis of hypertension. Thus the 38.2% of SB1 male and 30.3% of SB1 female 

patients with previously diagnosed hypertension and assessed during pre-program 

testing to be hypotensive (i.e. systolic BP below 100 mmHg) are noteworthy. The 

effect of medications on physiological outcomes is examined further in Chapter 12, 

with findings there suggesting that when taken with BB medication, ACEI use may 

limit peak SBP changes in both males and females. When combined with the 

relatively high number of hypotensive SB1 patients taking ACEI medications (38.2% 

of males and 42.4% of females) and with a diagnosis of hypertension, the data 

suggest that a review of BB and ACEI medications for patients entering CR may be 

necessary. This medication review may improve HR and SBP outcomes. All of the 

above variations help to confirm the value of SB grouping to effectively correct for as 

much of this multi-parameter variation as possible when analysing physiological 

outcomes. 

 

5.3.3 Utility of SB grouping 

Based on SB group allocations, the present results show that Peak HR and Peak 

SBP varied predictably in males, while EST Minute outcomes remained consistent. 

In females the outcomes were similar, with more variability in EST Minute outcomes. 

In clinical significance terms, we can compare genders across SB groups to reveal: 

(a) SB1 males showed slightly more clinically significant changes in both Peak HR 

and EST Minutes, while SB1 females showed greater clinical changes in Peak SBP; 

(b) normotensive SB2 males and females showed similar physiological outcomes, 

although male outcomes appear to be of greater clinical significance; (c) female SB3 

patients showed more clinically significant changes in Peak HR than Peak SBP, 
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while male SB3 patients showed changes of lesser clinical significance in Peak HR 

but slightly higher Peak SBP outcomes. 

 

While pre-program Peak SBP varied between SB groups in males and females, 

Peak HR did not vary significantly in either gender based on the one-way MANOVA 

results in Table 5.3. Furthermore, although pre-program EST Minutes varied 

between SB groups in males, the variation in females was not statistically significant. 

These pre-program demographics make the consistency of EST Minute outcomes in 

males noteworthy, particularly when compared with the statistically significant EST 

minute outcomes in females despite no pre-program differences in this parameter 

between female SB groups. Earlier evidence [172] demonstrated that peak SBP and 

DBP, and changes in these from rest, are all higher in men during maximal treadmill 

EST and increasing with advancing age. Differences in EST parameters including 

peak HR and HRR1 between genders have been shown, and may partially explain 

differences in exercise capacities [173]. Another important factor to consider is the 

effect of overweight and obesity on these outcomes, with other results [174] showing 

that exercising on the treadmill while carrying loads (15 and 20 kg) produces fatigue 

quicker in women, and increases the risk of adverse cardiovascular events more 

significantly in females. Evidence suggests that the HR-corrected QT interval (QTc) 

is longer in females, but QT dispersion (QTd) is higher in males, based on EST in 

hypertensive patients [175]. Autonomic regulation has also been shown to differ 

significantly between genders [176], with a dominance of sympathetic vascular 

regulation in men and parasympathetic regulation of HR in women. 
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5.3.4 Utility of MC grouping 

While MC subgroup allocations had a statistically significant effect on Rest SBP 

outcomes in non-MI patients (Chapter 4) when combined with SB group allocation, 

the present findings show that there was no significant difference in Peak SBP or 

Peak HR based on these same allocations. However MANOVA analysis does not 

reveal the apparent and clinically significant stratification of Peak HR and EST 

Minute outcomes in SB2 Males based on MC subgroups. Such stratification 

demonstrates a predictable trend in outcomes based on MC classification, 

confirming both differential impacts and the utility of MC grouping to the 

interpretation of clinical outcomes. 

 

5.3.5 Peak physiological outcomes  

Evidence suggests that exercise can improve flow-mediated dilation (FMD) in CAD 

patients [177], and that combined hypertension and DM somewhat limit changes in 

FMD, but not necessarily fitness, body composition or glycaemic control [153]. 

Further complicating  the interpretation of Peak SBP outcomes are results in healthy 

individuals suggesting that a negative relationship may exist between exercise 

intensity and FMD [178]. Normotensive males with Met-S have also been shown to 

demonstrate exercise-induced hypertension (EIH), with the best predictors of EIH 

occurrence being resting SBP (i.e. the basis of the SB grouping) and abdominal 

obesity [179]. Unclear stratification of Peak SBP outcomes in the current findings 

may also be due to the effects of Met-S on LV morphology independent of age and 

gender [180], with LV systolic dysfunction further compounded in hypertensive 

patients [181]. Met-S may also complicate many homeostatic mechanisms as we 

have discussed previously, including autonomic function and in particular 
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sympathetic mechanisms [182] potentially affecting CVS function. Furthermore the 

present MC classification system requires clarification of the differing effects of 

various combinations of comorbidities, which is a limitation of the current study. 

Analysis of larger sample sizes in similar manner would provide greater statistical 

power for more in-depth analysis. 

 

Outcomes in Peak HR and Peak SBP demonstrate that hypotensive SB1 patients 

showed the greatest increases, while SB3 males showed the lowest changes. The 

only exceptions were female SB2 patients, which showed the lowest Peak SBP 

outcomes in females. Males showed remarkably consistent post-program increases 

in EST Minutes across SB groups. The current findings suggest we can confidently 

expect an average increase of 2.1 minutes in the EST time post-program with the 

current IT protocol in male MI patients based on SB grouping. However this 

consistency was not demonstrated by females.  

 

A significant gender difference in postural autonomic function with reduced BRS in 

both genders with age [183] has been suggested. Although the cardiac output and 

VO2max relationship is similar in both genders at lower exertion levels, the actual 

slope of the linear regression is different and men show overall higher VO2max 

increases at higher levels of exertion [184] for the same increase in cardiac output. 

However, female gender has been shown to be a predictor of better LV function in 

hypertensive patients with LV hypertrophy [185]. Other factors such as pulmonary 

arterial hypertension [186] may compound autonomic dysfunction resulting in an 

exaggerated reduction in chronotropic response to exercise (i.e. peak HR) and 
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HRR1. Thus all of these additional factors may be contributing to some of the 

observed differential outcomes between genders. 

 

5.3.6 Implications for clinical practice 

The findings appear to be positive prognostically since patients are able to tolerate 

elevated peak HR and SBP, and increased EST time. These results are in line with 

other data [187] showing that some modes of exercise training may increase 

maximal HR and VO2 max after weight loss, for example. However an important 

question arises from an exercise physiology perspective. Is it desirable to sustain 

elevated peak physiology for relatively small increases in exertion time and intensity? 

One may instead aim to increase the workload while maintaining or even reducing 

(where appropriate) peak physiological measures. This would signal better 

physiological efficiency during exertion and may be more desirable in a rehabilitation 

context. In the above discussion we outlined how factors corrected for in the present 

study can affect peak physiology outcomes with the current IT protocol. Yet other 

important factors may also be contributing to the increased peak physiology 

observed in the present data post-program. Breathing dynamics such as tidal volume 

and respiratory rate [188] are important considerations and have been shown to 

impair functional capacity in CHF patients. Met-S may compromise FEV1 and FVC, 

but not FEV1/FVC ratio [57]. This suggests that Met-S may lead to the development 

of restrictive lung disease in susceptible individuals. One potential mechanism for 

this association is inflammation, directly impacting the gas exchange across the 

alveolar epithelia and pulmonary capillary wall. Respiratory muscle training [189] has 

been shown to improve exercise capacity in healthy individuals, with greater 
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improvements in those less fit at baseline. The potential benefit(s) of respiratory 

system training in clinical CR contexts is unclear at the time. 

 

5.4 Conclusion  

Novel trends were demonstrated in peak physiologic outcomes in non-MI patients 

based on SB and MC group allocations, suggesting they may be useful in the 

interpretation of outcomes in clinical CR settings. Furthermore, the changes in peak 

HR and post-program peak SBP represented increases across all subgroups in both 

genders. 
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Chapter 6 
Retrospective: Outcomes in non-MI patients by Age 

 

6.1 Introduction to the Chapter  

The effect of age on resting and peak physiological outcomes in CR has been 

investigated in various ways within the literature. Increasing debate over the best 

methods of improving clinical outcomes in patients of various ages is yet to be 

determined. Often CR programs are evaluated on their capacity to improve 

functional capacity in older patients. Improvements in cardiac function and regulatory 

mechanisms governing peak responses to exercise can significantly reduce the risk 

of serious cardiovascular events and may compensate for age-related declines in 

key physiology. This chapter begins with a review of the overall sample 

demographics (N = 1063) of all non-MI patients who completed the program based 

on age groups. This is then followed by an investigation of the resting and peak 

physiologic outcomes in non-MI patients within the sample.  

 

6.2 Results 

6.2.1 Key Demographics 

Hypercholesterolemia, hypertension, beta-blocker and ACEI use varied significantly 

across age subgroups in both genders, while diabetes and family history prevalence 

only varied significantly between age subgroups in male patients (Table 6.1, p < 

0.05).  
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Table 6.1 - Categorical classifications in non-MI patients by age subgroups 

        

        
  Parameter AGE 1 AGE 2 AGE 3 AGE 4 AGE 5 AGE 6 

Males 

Total (N) 13 53 144 287 243 66 

*
#
Hyperchol. - n(%) 4 (30.8) 37 (69.8) 115 (79.9) 251 (87.5) 209 (86.0) 55 (83.3) 

*
#
Hypertension - n(%) 2 (15.4) 18 (34.0) 72 (50.0) 182 (63.4) 157 (64.6) 45 (68.2) 

*
#
Diabetes - n(%) 1 (7.7) 4 (7.5) 37 (25.7) 83 (28.9) 73 (30.0) 9 (13.6) 

*
#
Family History - n(%) 7  (53.8) 23 (43.4) 73 (50.7) 113 (39.4) 83 (34.2) 12 (18.2) 

Sedentary - n(%) 4 (30.8) 24 (45.3) 59 (41.0) 120 (40.8) 93 (38.3) 25 (37.9) 

*Beta Blocker - n(%) 10 (76.9) 20 (37.7) 93 (64.6) 148 (51.6) 123 (50.6) 40 (60.6) 

*ACE Inhibitor - n(%) 4 (30.8) 15 (28.3) 61 (42.4) 140 (48.8) 131 (53.9) 35 (53.0) 

Males 

Total (N) 5 11 43 85 81 32 

*Hyperchol. - n(%) 1 (20.0) 6 (54.5) 34 (79.1) 73 (85.9) 72 (88.9) 25 (78.1) 

*
#
Hypertension - n(%) 0 3 (27.3) 19 (44.2) 51 (60.0) 62 (76.5) 23 (71.9) 

Diabetes - n(%) 0 1 (9.1) 6 (14.0) 17 (20.0) 26 (32.1) 7 (21.9) 

Family History - n(%) 1 (20.0) 6 (54.5) 23 (53.5) 36 (42.4) 33 (40.7) 6 (18.8) 

Sedentary - n(%) 3 (60.0) 6 (54.5) 21 (48.8) 43 (50.6) 44 (54.3) 17 (53.1) 

*
#
Beta Blocker - n(%) 0 1 (9.1) 19 (44.2) 46 (54.1) 37 (45.7) 18 (56.3) 

*ACE Inhibitor - n(%) 0 5 (45.5) 13 (30.2) 45 (52.9) 44 (54.3) 19 (59.4) 

 

Age subgroups are as follows: Age-1 = < 35 yrs; Age-2 = 35-45 yrs; Age-3 = 45-55 yrs; Age-4 = 55-65 yrs; Age-5 = 65-75 yrs; Age-

6 = > 75 yrs. Statistical analysis involved Pearson’s chi-square test for intergroup variation for each independent variable, followed 

by multinomial logistic regression analysis of all independent variables combined against age subgroup allocation as the dependent 

variable. *These parameters showed significant (p < 0.05) differences based on Pearson’s chi analysis of gender-based age 

subgroups. #These parameters showed a significant contribution to age subgroup allocation using a corrected Bonferroni alpha of 

0.007.  
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Binary logistic regression using all of the independent predictor variables shown in 

Table 6.1, with age subgroup allocation as the dependent variable, and the data split 

based on gender subgroups, showed that the full model containing all predictors was 

statistically significant in males (Table 6.1, 2 = 172.282, p<0.001) and females 

(Table 6.1, 2 = 107.287, p<0.001),  with the model explaining 19.2% to 20.3% of the 

variation in age subgroup allocation in males and 34.1% to 35.9%  in female patients 

(Cox & Snell R2 and Nagelkerke R2). Only the prevalence of hypertension diagnosis 

and beta-blocker use contributed significantly to age subgroup allocation in females, 

while hypercholesterolemia, hypertension, diabetes, and family history all contributed 

to Age subgroup allocation in males (Table 6.1, p < 0.001). 

 

Table 6.2 summarises the continuous demographic variables (BMI, resting HR, SBP 

and DBP, peak HR and SBP, and EST Minutes during pre-program assessment) for 

the data sample in the present study based on gender and age subgroups. One-way 

MANOVA analysis, using age subgroup allocations as the categorical independent 

variable and the continuous demographic parameters above as the dependent 

variables (based on a Bonferroni adjusted alpha value of 0.01), showed that BMI, 

rest, SBP, rest DBP, peak HR, peak SBP and EST minute variables showed 

significant variance across age subgroups in males, while rest, SBP, rest DBP, peak 

HR, peak SBP and EST minutes varied across age subgroups in females (p < 0.01).  
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Age subgroups are as follows: Age-1 = < 35 yrs; Age-2 = 35-45 yrs; Age-3 = 45-55 yrs; Age-4 = 55-65 yrs; Age-5 = 65-75 yrs; Age-
6 = > 75 yrs. Statistical analysis involved one-way MANOVA of all the listed dependent variables against age subgroup allocation 
as the independent variable. Bonferroni corrected alpha of 0.01 was used to determine significance within the MANOVA. *These 
parameters showed a significant difference across age groups. 

 

Table 6.2 - Continuous demographics in non-MI patients by age subgroups 

  
                

    

 
  AGE 1 AGE 2 AGE 3 AGE 4 AGE 5 AGE 6 

  Parameter Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Males 

*BMI 24.7 5.5 28.1 4.9 27.8 4.8 28.2 4.3 28.5 4.4 26.4 3.9 

Rest HR 86.7 14.1 80.2 14.5 76.9 15.0 75.9 13.8 75.4 13.8 74.6 13.9 

*Rest SBP 107.3 10.1 111.6 14.3 117.2 16.2 120.9 16.2 125.2 16.6 126.0 19.4 

*Rest DBP 68.8 10.0 73.1 9.9 74.4 10.5 73.1 9.2 71.5 10.1 69.5 9.1 

*Peak HR 128.0 19.9 132.8 19.4 126.8 21.0 122.0 20.1 114.8 20.1 105.0 20.4 

*Peak SBP 140.4 22.1 153.0 28.8 159.6 29.2 159.0 25.6 160.8 26.8 149.2 25.0 

*Minutes 7.9 5.0 7.3 2.5 6.8 2.6 6.1 3.1 4.6 3.0 3.2 2.7 

Females 

BMI 21.6 3.2 26.1 4.5 28.9 5.5 29.7 5.9 28.1 6.4 26.3 9.0 

Rest HR 83.0 18.0 84.8 17.6 79.4 15.5 78.1 15.2 79.6 14.2 77.5 14.0 

*Rest SBP 97.0 6.7 112.3 12.7 114.6 16.1 124.2 18.6 129.3 18.0 130.0 19.4 

*Rest DBP 56.0 9.6 73.6 11.2 73.0 10.4 73.4 11.6 72.8 9.4 69.7 9.7 

*Peak HR 136.6 26.1 137.7 19.9 124.8 19.2 115.1 21.7 111.1 20.8 97.1 18.3 

*Peak SBP 121.6 3.6 147.3 28.8 143.5 22.6 150.3 25.4 157.2 25.4 145.2 21.5 

*Minutes 6.4 4.3 5.5 2.7 4.8 2.6 3.9 2.5 2.9 2.4 1.5 2.5 
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Table 6.3 - Outcomes in resting and peak physiology in non-MI patients by age subgroups 

              

 Parameter 
AGE 1 AGE 2 AGE 3 AGE 4 AGE 5 AGE 6 

  Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Males 

Rest ∆HR -2.9 16.2 -1.5 17.2 -1.4 11.0 -0.3 11.7 *-1.6 12.2 -2.2 10.1 

Rest ∆SBP -1.5 14.8 0.6 13.6 -0.5 17.2 0.1 16.7 -0.6 18.5 -0.9 19.8 

Rest ∆DBP 1.9 14.1 -0.5 14.2 0.8 10.7 0.1 10.0 -1.0 9.7 -1.6 8.3 

#
Peak ∆HR 9.5 17.0 *18.9 20.0 *11.0 21.0 *9.7 17.1 *5.2 17.2 *7.2 16.2 

Peak ∆SBP 5.0 21.5 *15.0 21.5 *11.7 21.7 *12.5 22.4 *6.4 24.4 *7.5 20.7 

∆EST Min 1.5 3.9 *2.5 2.1 *2.4 2.3 *2.1 2.6 *2.0 2.4 *1.5 2.2 

Females 

Rest ∆HR -1.6 6.5 3.0 10.4 0.3 12.7 -2.4 12.7 -1.9 13.3 *-4.9 9.2 

Rest ∆SBP -4.4 5.2 2.3 13.1 -0.3 14.6 *-6.2 18.6 -0.6 20.9 -0.4 17.9 

Rest ∆DBP 6.0 13.9 -3.6 14.5 0.9 9.9 -2.2 10.5 -0.9 9.9 -1.7 9.8 

Peak ∆HR 18.6 15.2 *16.7 13.4 *10.9 19.2 *7.1 20.7 *5.8 18.7 4.9 17.2 

Peak ∆SBP 14.4 15.1 *10.5 14.0 *11.4 25.5 *9.4 20.7 5.0 23.2 2.3 22.5 

∆EST Min 1.8 3.4 *2.2 2.2 *2.4 2.3 *1.7 2.2 *1.5 2.3 *1.5 2.4 

 

Age subgroups are as follows: Age-1 = < 35 yrs; Age-2 = 35-45 yrs; Age-3 = 45-55 yrs; Age-4 = 55-65 yrs; Age-5 = 65-75 yrs; Age-
6 = > 75 yrs. Statistical analysis involved paired samples T-test of outcomes and one-way MANOVA of all the listed dependent 
variables against age subgroup allocation as the independent variable. Bonferroni corrected alpha of 0.008 was used to determine 
significance within the MANOVA.*These outcomes were statistically significant (p < 0.05) based on paired T-test analysis. #These 
parameters showed a significant difference across age groups. 
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6.2.2 Effect on resting HR 

Significant HR reductions were observed in Age-5 males (Table 6.3, n = 243, ∆HR = 

-1.6 bpm, SD = 12.2, p < 0.05) and Age-6 females (Table 6.3, n = 32, ∆HR = -4.9 

bpm, SD = 10.1, p < 0.05). One-way MANOVA comparison of age subgroup 

allocations for resting HR outcomes showed no statistically significant differences in 

males or females (Table 6.3, p > 0.05). 

 
6.2.3 Effect on resting SBP 

Only females classified as Age-4 showed a resting SBP decrease (Table 6.3, n = 85, 

∆SBP = -6.2 mmHg, with p < 0.05). One-way MANOVA analysis showed no 

significant effects of age subgroup allocation on resting SBP outcomes in either 

gender (Table 6.3, p > 0.05).  

 
6.2.4 Effect on resting DBP 

No statistically significant outcomes were achieved based age subgroup allocations 

in either gender (Table 6.3, p > 0.05). One-way MANOVA confirmed no influence of 

age subgroup allocations on resting DBP outcomes in either gender (Table 6.3, p > 

0.05). 

 
6.2.5 Effect on Peak HR 

Males showed peak HR increases ranging from ∆HR = 18.9 bpm for Age-2 (Table 

6.3, n = 53, SD = 20.0, p < 0.001) to ∆HR = 5.2 bpm for Age-5 (Table 6.3, n = 243, 

SD = 17.2, p < 0.001). Females showed peak HR increases ranging from ∆HR = 

16.7 bpm for Age-2 (Table 6.3, n = 11, SD = 13.4, p < 0.01) to ∆HR = 5.8 bpm for 

Age-5 (Table 6.3, n = 81, SD = 18.7, p < 0.01). One-way MANOVA showed that age 

subgroup allocation had an effect on peak HR outcomes in males (Table 4, Effect 

size = 0.036, p < 0.001) but not females (Table 6.3, p > 0.05).   
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6.2.6 Effect on Peak SBP 

Males showed peak SBP increases ranging from ∆SBP = 15.0 mmHg (Table 6.3, n 

=53, SD = 21.5, p < 001) in Age-2 patients, to ∆SBP = 6.4 mmHg (Table 6.3, n = 

243, SD = 24.4, p < 001) for Age-5 patients. Females showed peak SBP increases 

ranging from ∆SBP = 11.4 mmHg (Table 6.3, n = 43, SD = 25.5, p < 0.01) in Age-3 

patients, to ∆SBP = 9.4 mmHg (Table 6.3, n = 85, SD = 20.7, p < 0.001) for Age-4 

patients. One-way MANOVA showed that age subgroup allocation had no effect on 

peak SBP outcomes in either gender based on a Bonferroni adjusted alpha of 0.008 

(Table 6.3). 

 

6.2.7 Effect on EST Minutes 

Males showed increases in EST minutes of between ∆Mins = 2.5 mins for Age-2 

(Table 6.3, n = 53, SD = 2.1, p < 0.001) and ∆Mins = 1.5 mins for Age-6 patients 

(Table 6.3, n = 66, SD = 2.2, p < 0.001). Females showed increases in EST minutes 

ranging from ∆Mins = 2.4 mins in Age-3 (Table 6.3, n = 43, SD = 2.3, p < 0.01) to 

∆Mins = 1.5 mins in Age-6 (Table 6.3, n = 32, SD = 2.4, p < 0.01). One-way 

MANOVA analysis showed that Age subgroup allocation had no effect on EST 

Minute outcomes in either gender based on a Bonferroni adjusted alpha of 0.008 

(Table 6.3).  
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6.3 Discussion 

 

6.3.1 Overview 

Overall the findings suggest that with an IT based CR intervention in non-MI patients: 

(a) age grouping in isolation does not significantly affect outcomes in resting HR, 

SBP or DBP; (b) peak HR outcomes, representing increases across all subgroups in 

both genders, appear to be clinically lower with higher age groups; (c) peak SBP 

outcomes were also consistently positive (representing increases from pre-program 

value), but these were not shown by MANOVA to vary significantly with age groups; 

(d) while MANOVA showed no statistically significant variation in EST minute 

outcomes based on age groups, the progressively lower outcomes with higher age 

groups may be clinically significant. 

Significant pre-program variations across age groups were shown for BMI, rest SBP 

and DBP, peak SBP and EST minutes. BMI appeared to peak in Age-5 males and 

Age-4 females. This finding may suggest age-related decline in body-mass within the 

present CR population. Rest SBP increased consistently from SB1 to SB3, while rest 

DBP peaked in Age-3 males and Age-2 females, revealing a growing differential 

between SBP and DBP (i.e. increased pulse pressure) with age. Peak SBP was 

maximal in Age-5 males and females, with EST Minute outcomes decreasing from a 

maximal value in Age-1 males and females. Based on this pre-program data, older 

patients admitted to the CR program had higher pre-program resting blood pressure, 

showed a significantly higher pre-program peak SBP up to age 75 in both genders 

(after which the values fall), and achieved the lowest durations during pre-program 

EST testing. Diabetes (in males), hypercholesterolemia and diagnosed hypertension 

varied significantly between Age groups. Additionally, ACEI and BB use varied 
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significantly in both genders with age, while family history varied only in males, 

based on age groups. These variations help to confirm the value of Age grouping to 

effectively correct for as much of this multi-parameter variation as possible when 

analysing physiological outcomes. 

 

6.3.2 Resting physiology 

Resting HR, SBP and DBP post-program outcomes were not shown to vary 

statistically in either gender based on Age groups despite variations in pre-program 

resting physiology. This would suggest that age does not play a major role in 

determining outcomes in resting physiology with the current IT protocol. Little 

evidence is available for comparison of the present results. Earlier evidence in 

healthy individuals demonstrated that peak SBP and DBP during EST testing 

increase with age [172]. We also now know that the major physiological indices of 

HR, BP and BMI change significantly with age [161]. In terms of the effects of 

exercise, IT may compensate for any age-related declines in systolic and diastolic 

heart function [157]. The present data support the hypothesis that aerobic IT may 

yield similar outcomes in resting physiology independent of age. 

 

6.3.3 Peak physiology 

Peak HR increases across all Age subgroups in both genders appear to be generally 

lower with higher age groups, although these differences were not shown by one-

way MANOVA to be statistically significant in females. This may be due to the lower 

sample sizes in female subgroups limiting the statistical power of analysis, which is a 

limitation of the present study. Where statistically significant outcomes in peak HR 

were noted in both genders (i.e. in Age-2 to Age-4 groups, covering those 35-65 
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years of age), female outcomes appear to be lower clinically. These findings appear 

to be in line with evidence elsewhere [172, 174] showing age and gender differences 

in peak SBP and other EST parameters, with varying loads affecting these also. The 

higher average pre-program BMI values seen in Age-3 and Age-4 females (i.e. 35-65 

yrs of age), with slightly lesser outcomes in peak HR and SBP in these groups, may 

be noteworthy although this difference would not appear to be clinically significant. 

 

The findings in relation to both peak HR and peak SBP again appear to be quite 

positive diagnostically since patients are able to tolerate elevated peak HR and SBP, 

and increased EST time. However is it desirable to sustain elevated peak physiology 

for relatively small increases in exertion time (maximum average increase of 2.5 

mins, SD = 2.1, in Age-2 males) and intensity? One may instead aim to increase the 

workload while maintaining or even reducing (where appropriate) peak physiological 

measures. This would signal better physiological efficiency during exertion and may 

be more desirable in a rehabilitation context. Other important factors may also be 

contributing to the increased peak physiology observed in the present data post-

program. Breathing dynamics such as tidal volume and respiratory rate [188] are 

among these important considerations and have been shown to impair functional 

capacity in CHF patients.  

 

Whilst MANOVA analysis may reveal statistical differences between groups where 

these are large enough, clinical significance may sometimes be indicated in the 

absence of statistical variations. Here, statistical analysis suggests no major 

differences between EST minute outcomes based on age groups, although clinical 

significance may be derived by the progressively lower (albeit slightly) outcomes with 
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higher age groups. These findings imply that older patients generally achieve lesser 

changes in EST durations post-program with the current IT protocol. Together with 

results discussed earlier, the overall findings are generally in-line with evidence from 

sedentary (otherwise healthy) individuals showing that IT may compensate for age-

related decline in systolic and diastolic heart function [157], and may produce 

improvements in left ventricular structure and function, and ejection fraction [156], as 

well as improved myocardial perfusion and reduced resting HR [158].  

 

While average pre-program resting SBP appeared to rise consistently with age in 

both males and females, average resting DBP appears to be maximal in Age-3 

males and Age-2 females. These peaks in resting DBP suggest that peripheral 

vascular resistance tends to peak later in males, although the average resting DBP 

does not appear to vary clinically between males and females. However there were 

no clear trends in resting or peak SBP outcomes based on age groups. Clinical 

responses to IT may include physiological adaptations early with structural 

adaptations occurring in the longer term [15]. Hypertensive patients have been 

shown to achieve reductions in resting blood pressure following IT [88, 159, 160], 

and hypertensive females may generally have better LV function than males in 

patients with hypertrophy [185]. The consistently higher peak SBP outcomes across 

the same age group seen in males compared with females suggests a gender-based 

differential in adaptations to aerobic IT, which may potentially be due to a difference 

in LV function as some evidence suggests [185]. Functional capacity improvements 

with IT may include increases in peak O2 uptake [165] and VO2 max [166]. The 

SMARTEX-HF study [167] currently under way should provide more results on how 
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aerobic IT may deliver improvements in myocardial action in patients with 

compromised cardiac function.  

 

6.3.4 Implications for clinical practice 

The findings above reflect the outcomes of the present IT-based CR intervention, 

representing one model of exercise rehabilitation. While some results suggest 

greater improvements in cardiovascular physiology and functional capacity with IT 

over ET [156], [162], other exercise protocols report equivalent outcomes with ET 

and IT [168, 169]. Improvements in muscular microvasculature may be higher in IT 

than ET interventions [190]. Submaximal (low-dose) exercise may improve 

peripheral muscular metabolism, but this may not be further improved by higher 

intensities [191]. A current study [170] aims to investigate the effects of exercise 

dose on obesity and cardiovascular risk factors and may help to clarify the role of 

exercise-dose in outcomes. High-intensity IT may also produce better submaximal 

adaptations than ET [192], which may be more relevant to clinical rehabilitation 

settings. Therefore whilst we can derive the likely outcomes of the present IT 

intervention in a CR setting from the present data, variations of this program will 

produce varying results. Further research is needed to adequately compare IT and 

ET interventions in similar settings with sufficient statistical power, particularly in 

women where sample sizes tend to be smaller as demonstrated within both the 

literature and the present findings. 

 

The results again appear to be positive prognostically based on Age groups, since 

patients are able to tolerate elevated peak HR and SBP, and increased EST time, 

confirming results published earlier [187]. The present author would instead posit 
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that aiming to increase the workload while maintaining or reducing peak 

physiological measures would perhaps be more relevant in a CR context. Better 

physiological efficiency during exertion and improved regulatory and recovery 

homeostatic function would seem to be fundamental elements of rehabilitation, 

although these are perhaps assumed to simply follow on from maximal intensity 

training. In addition to factors identified above, breathing dynamics such as tidal 

volume and respiratory rate [188] are important considerations in CR contexts. 

Unfortunately such parameters are not routinely the focus of research as yet, and 

respiratory parameters were not included in the data set investigated above. 

 

6.4 Conclusion  

An increasing pulse pressure with advancing age was demonstrated from pre-

program data. Increased age was not shown to significantly affect outcomes in 

resting HR, SBP or DBP, but did appear to have some impact on peak physiologic 

adaptations including peak HR, SBP and EST durations. Longer interventions may 

be needed to achieve greater outcomes in terms of peak physiology in older 

patients. 
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Chapter 7 
Retrospective: Outcomes in non-MI patients by BMI 

 

 

7.1 Introduction to the Chapter  

 

The effect of body mass index (BMI) on resting and peak physiological outcomes in 

CR has not been investigated thoroughly within the literature. The debate over the 

best methods of improving clinical outcomes in patients of various weight status (i.e. 

normal range, overweight, or obese) continues, with new models proposed for the 

use of IT. Improvements in body composition are usually among the key goals of CR 

interventions in addition to functional capacity gains. Cardiac function and regulatory 

mechanisms governing resting physiology and peak responses to exercise have 

been shown to be affected by an individual’s body composition. This chapter begins 

with a review of the overall sample demographics (N =1063) of all non-MI patients 

who completed the program based on BMI groups. This is then followed by an 

investigation of the resting and peak physiologic outcomes in non-MI patients within 

the sample based on BMI groups alone. Finally, the BMI groups are further 

subdivided based on SB Bands as in Chapters 4-5, with outcomes data re-analysed 

to provide evidence for the impact of the combined classifications on the target 

resting and peak parameters.  
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7.2 Results 

 

7.2.1 Key Demographics 

Hypercholesterolemia, diabetes and sedentary behaviour prevalence varied 

significantly across BMI subgroups in both genders, while hypertension only varied 

significantly BMI subgroups in male patients (Table 7.1, p < 0.05). Multinomial 

logistic regression using all of the independent predictor variables shown in Table 

7.1, with BMI subgroup allocation as the dependent variable, and the data split 

based on gender subgroups, showed that the full model containing all predictors was 

statistically significant in males (Table 7.1, 2 = 86.347, p<0.001) and females (Table 

7.1, 2 = 51.014, p<0.001),  with the model explaining 10.2% to 11.6% of the 

variation in BMI subgroup allocation in males and 18.0% to 20.3%  in female patients 

(Cox & Snell R2 and Nagelkerke R2). The prevalence of hypercholesterolemia and 

hypertension diagnoses contributed significantly to BMI subgroup allocation in 

males, while only hypercholesterolemia contributed to BMI subgroup allocation in 

females (Table 7.1, p < 0.001) based on a Bonferroni adjusted alpha of 0.008. 
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Table 7.1 - Categorical demographics in non-MI patients by BMI 
subgroups 

     

     

 
Parameter BMI 1 BMII 2 BMI 3 

Males 

Total (N) 182 392 232 

*Hyperchol. - n(%) 131 (72.0) 341 (87.0) 199 (85.8) 

*
#
Hypertension - n(%) 90 (49.5) 234 (59.7) 152 (65.5) 

*Diabetes - n(%) 39 (21.4) 94 (24.0) 74 (31.9) 

Family History - n(%) 62 (34.1) 149 (38.0) 100 (43.1) 

*
#
Sedentary - n(%) 51 (28.0) 150 (38.3) 124 (53.4) 

Beta Blocker - n(%) 102 (56.0) 209 (53.3) 123 (53.0) 

ACE Inhibitor - n(%) 82 (45.1) 178 (45.4) 126 (54.3) 

Females 

Total (N) 76 90 91 

*
#
Hyperchol. - n(%) 52 (58.4) 80 (88.9) 79 (86.8) 

Hypertension - n(%) 42 (55.3) 55 (61.1) 61 (67.0) 

*Diabetes - n(%) 8 (10.5) 20 (22.2) 29 (31.9) 

Family History - n(%) 30 (39.5) 35 (38.9) 40 (44.0) 

*Sedentary - n(%) 34 (44.7) 42 (46.7) 58 (63.7) 

Beta Blocker - n(%) 35 (46.1) 43 (47.8) 43 (47.3) 

ACE Inhibitor - n(%) 36 (47.4) 42 (46.7) 48 (52.7) 

 

Subgroups shown are as follows: BMI-1 represents < 25 kg.m-2; BMI-2 represents 

25-30 kg.m-2; BMI-3 represents > 30 kg.m-2. Statistical analysis involved multinomial 

logistic regression. Bonferroni corrected alpha of 0.008 was used to determine 

significance within the MANOVA.*These parameters showed a significant difference 

across BMI groups. #These parameters showed a significant contribution to BMI 

groups. 

 

Table 7.2 summarises the continuous demographic variables (age, resting HR, SBP 

and DBP, peak HR and SBP, and EST Minutes during pre-program assessment) for 

the data sample in the present study based on gender and BMI subgroups. One-way 

MANOVA analysis, using BMI subgroup allocation as the categorical independent 

variable and the continuous demographic parameters above as the dependent 

variables (based on a Bonferroni adjusted alpha value of 0.01), showed that rest, 

SBP, peak SBP and EST minute variables showed significant variance across BMI 
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subgroups in males, while rest DBP, peak SBP, and EST minutes varied across BMI 

subgroups in females (Table 7.2).  

 

Table 7.2 - Continuous demographics in non-MI patients by BMI subgroups 

  
            

 
  BMI 1 BMI 2 BMI 3 

  Parameter Mean SD Mean SD Mean SD 

Males 

Age 60.2 13.0 62.2 9.6 60.9 10.4 

Rest HR 75.7 13.9 76.3 14.3 76.7 14.1 

*Rest SBP 117.4 18.3 121.1 16.8 124.1 15.6 

Rest DBP 70.9 10.6 72.4 9.2 73.8 10.0 

Peak HR 118.5 21.7 120.5 21.3 120.7 21.2 

*Peak SBP 148.7 26.9 158.9 26.8 164.2 25.3 

*Minutes 5.8 3.5 5.8 3.0 5.2 3.1 

Females 

Age 61.8 13.5 63.5 10.2 63.6 9.5 

Rest HR 79.3 13.3 79.3 14.7 78.7 16.5 

Rest SBP 119.1 18.7 125.2 18.8 126.5 18.7 

*Rest DBP 69.0 11.7 74.1 9.1 73.4 10.6 

Peak HR 112.8 23.9 118.1 21.1 112.6 22.6 

*Peak SBP 139.5 23.2 152.8 23.2 156.0 25.8 

*Minutes 4.1 3.1 3.7 2.6 2.9 2.5 

 

Subgroups shown are as follows: BMI-1 represents < 25 kg.m-2; BMI-2 represents 
25-30 kg.m-2; BMI-3 represents > 30 kg.m-2. Statistical analysis involved one-way 
MANOVA of all the listed dependent variables against BMI subgroup allocation as 
the independent variable. Bonferroni corrected alpha of 0.008 was used to determine 
significance within the MANOVA.*These parameters showed a significant difference 
across BMI groups. 
 

7.2.2 Effect on resting HR 

Significant HR reductions were observed in BMI-2 (Table 7.3, n = 392, ∆HR = -1.3 

bpm, SD = 11.3, p < 0.05) and BMI-3 (Table 7.3, n = 232, ∆HR = -1.6 bpm, SD = 

13.9, p < 0.05) males and BMI-2 females (Table 7.3, n = 90, ∆HR = -2.5 bpm, SD = 

11.3, p < 0.05). One-way MANOVA comparison of BMI subgroup allocations for 

resting HR outcomes showed no statistically significant differences in either gender 

(Table 7.3, p > 0.05).  
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Table 7.3 - Outcomes in resting and peak physiology in non-MI patients by 
BMI subgroups 

        

 Parameter 
BMI 1 BMI 2 BMI 3 

 
Mean SD Mean SD Mean SD 

Males 

Rest ∆HR -0.3 11.2 *-1.3 11.3 *-1.6 13.9 

Rest ∆SBP *-2.8 14.7 -0.1 18.5 1.3 17.1 

Rest ∆DBP -0.8 10.0 -0.2 10.0 0.0 11.1 

#
Peak ∆HR *12.6 20.8 *8.7 17.6 *6.6 16.8 

Peak ∆SBP *9.7 19.8 *10.6 23.8 *9.6 23.6 

∆EST Min *2.2 2.6 *2.2 2.4 *1.9 2.5 

Females 

Rest ∆HR -1.5 12.0 *-2.5 11.3 -1.5 13.7 

Rest ∆SBP -0.6 15.7 -2.1 15.2 -4.0 23.0 

Rest ∆DBP -0.2 11.9 *-2.3 9.4 -0.7 10.0 

Peak ∆HR *10.5 18.3 *7.2 17.0 *5.8 21.6 

Peak ∆SBP *11.2 20.9 *5.0 20.6 *7.2 24.8 

∆EST Min *1.9 2.7 *1.9 2.1 *1.3 1.9 

 

Subgroups shown are as follows: BMI-1 represents < 25 kg.m-2; BMI-2 represents 
25-30 kg.m-2; BMI-3 represents > 30 kg.m-2. Statistical analysis involved paired 
samples T-test of outcomes and one-way MANOVA of all the listed dependent 
variables against BMI subgroup allocation as the independent variable. Bonferroni 
corrected alpha of 0.008 was used to determine significance within the 
MANOVA.*These outcomes were statistically significant (p < 0.05) based on paired 
T-test analysis. #These parameters showed a significant difference across BMI 
groups. 
 

Based on the combined BMI and SB subgroups, only BMI-2/SB2 males showed Rest 

HR decrease of ∆HR = -1.6 bpm (Table 7.4, SD = 10.6, p < 0.01) Two-way MANOVA 

showed no effect of BMI or SB grouping on Rest HR outcomes in males (Table 7.4, 

p > 0.05) or females (Table 7.5, p > 0.05). 

 

7.2.3 Effect on resting SBP 

Only males classified as BMI-1 (Table 7.3, n = 182, ∆SBP = -2.8 mmHg, SD = 14.7, 

and p < 0.05) showed a resting SBP decrease. One-way MANOVA analysis showed 

no significant effects of BMI subgroup allocation on resting SBP outcomes in either 
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gender (Table 7.3, p > 0.05). Based on the combined BMI and SB subgroups, males 

showed rest SBP changes ranging from ∆SBP = -18.0 mmHg (Table 7.4, SD = 16.3, 

p < 0.01) in BMI-1/SB3 patients to ∆SBP = 17.1 mmHg (Table 7.4, SD = 22.5, p < 

0.01) in the BMI-3/SB1 subgroup.  

 

Table 7.4 - Outcomes in resting and peak physiology in non-MI males by 
BMI and SB subgroups 

  
            

 Parameter 
SB 1 SB 2 SB 3 

  Mean SD Mean SD Mean SD 

BMI 1 

Rest ∆HR -1.3 12.8 -0.4 11.1 1.3 9.5 
abRest ∆SBP *6.9 10.9 -1.8 11.3 *-18.0 16.3 
bRest ∆DBP 2.7 10.1 -0.2 9.1 *-7.1 9.8 
bPeak ∆HR *15.8 17.6 *12.4 21.3 *9.4 22.9 
bPeak ∆SBP *14.1 17.7 *9.7 19.7 3.7 21.4 

∆EST Min *1.6 3.1 *2.4 2.3 *2.3 2.4 

BMI 2 

Rest ∆HR -0.7 12.5 *-1.6 10.6 -0.9 12.6 

Rest ∆SBP *11.1 19.0 *2.4 15.0 *-12.7 20.3 

Rest ∆DBP *5.6 11.4 0.0 9.4 *-3.6 9.4 

Peak ∆HR *18.7 17.9 *8.2 17.0 *4.7 17.3 

Peak ∆SBP *19.1 20.8 *12.9 22.7 0.3 25.1 

∆EST Min *2.6 3.0 *2.1 2.3 *2.3 2.1 

BMI 3 

Rest ∆HR -2.0 10.7 -1.9 15.3 -0.6 10.2 

Rest ∆SBP *17.1 22.5 *2.9 14.9 *-7.7 16.3 
bRest ∆DBP *6.2 11.7 0.8 10.8 *-4.0 10.6 
bPeak ∆HR *13.1 17.4 *6.5 17.9 *5.1 12.6 
bPeak ∆SBP *18.1 18.3 *8.9 24.3 *9.0 22.8 

∆EST Min *1.7 2.5 *2.0 2.4 *1.6 2.9 

 

Subgroups shown are as follows: BMI-1 represents < 25 kg.m-2; BMI-2 represents 
25-30 kg.m-2; BMI-3 represents > 30 kg.m-2; SB1 = SBP < 100 mmHg; SB2 = 100 < 
SBP < 130 mmHg; SB3 = SBP > 130 mmHg. Statistical analysis involved paired 
samples T-test of outcomes and two-way MANOVA of all the listed dependent 
variables against BMI and SB subgroup allocation as the independent variables. 
Bonferroni corrected alpha of 0.008 was used to determine significance within the 
MANOVA.*These outcomes were statistically significant (p < 0.05) based on paired 
T-test analysis. aThese parameters showed a significant difference across BMI 
groups. bThese parameters showed a significant difference across SB groups. 
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Two-way MANOVA showed that BMI grouping had an Effect size = 0.022 (Table 5, P 

< 0.001) while SB grouping had an Effect size = 0.068 (Table 7.4, p < 0.001) on rest 

SBP outcomes in males. Based on the combined BMI and SB subgroups, females 

showed rest SBP changes ranging from ∆SBP = -15.2 mmHg (Table 7.5, SD = 16.3, 

p < 0.01) in BMI-3/SB3 patients to ∆SBP = 16.6 mmHg (Table 7.5, SD = 6.9, p < 

0.01) in the BMI-3/SB1 subgroup. Two-way MANOVA showed that SB grouping had 

an Effect size = 0.145 (Table 7.5, p < 0.001) on rest SBP outcomes in females. 

 

7.2.4 Effect on resting DBP 

Only females classified as BMI-2 (Table 7.3, n = 90, ∆DBP = -2.3 mmHg, SD = 9.4, 

and p < 0.05) showed a resting DBP decrease based on BMI grouping alone. One-

way MANOVA confirmed no influence of BMI grouping only on resting DBP 

outcomes in either gender (Table 7.3, p > 0.05). Based on the combined BMI and SB 

subgroups, males showed rest DBP changes ranging from ∆DBP = -7.1 mmHg 

(Table 7.4, SD = 9.8, p < 0.01) in BMI-1/SB3 patients to ∆DBP = 6.2 mmHg (Table 

7.4, SD = 11.7, p < 0.01) in the BMI-3/SB1 subgroup. Two-way MANOVA showed 

that SB group had an Effect size = 0.068 (Table 7.4, p < 0.001) on rest DBP 

outcomes in males. Based on the combined BMI and SB subgroups, females 

showed rest DBP changes ranging from ∆DBP = -5.8 mmHg (Table 7.5, SD = 12.3, 

p < 0.01) in BMI-1/SB3 patients to ∆DBP = 10.8 mmHg (Table 7.5, SD = 10.3, p < 

0.01) in the BMI-1/SB1 subgroup. Two-way MANOVA showed that SB group had an 

Effect size = 0.126 (Table 7.5, p < 0.001) on rest DBP outcomes in females. 
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7.2.5 Effect on Peak HR 

Males showed peak HR increases ranging from ∆HR = 12.6 bpm for BMI-1 (Table 

7.3, n = 182, SD = 20.8, p < 0.05) to ∆HR = 6.6 bpm for BMI-3 (Table 7.3, n = 232, 

SD = 16.8, p < 0.05). Females showed peak HR increases ranging from ∆HR = 10.5 

bpm for BMI-1 (Table 7.3, n= 76, SD = 18.3, p < 0.05) to ∆HR = 5.8 bpm for BMI-3 

(Table 7.3, n = 91, SD = 21.6, p < 0.05). One-way MANOVA showed that BMI 

subgroup allocation had an effect on peak HR outcomes in males (Table 4, Effect 

size = 0.014, p = 0.004) but not females (Table 7.3, p > 0.05) based on a Bonferroni 

adjusted alpha of 0.008.  

 

In males, additional correction for SB subgroups (Table 7.4) showed that all peak HR 

increases were statistically significant (p < 0.05) and consistently graded with the 

highest increases shown for SB1 patients within BMI-1, BMI-2 and BMI-3 subgroups. 

Female peak HR outcomes were statistically significant in all SB subgroups of BMI-1 

and BMI-2 patients (Table 7.4, p < 0.05), but not BMI-3 females. Two-way MANOVA 

based on BMI and SB subgroups showed that male peak HR outcomes varied 

significantly based on SB subgroups in this model (Table 7.4, F = 7.971, df = 2, p < 

0.001), but not BMI subgroup allocation (Table 7.4, p > 0.05). No significant 

variations in female peak HR outcomes were shown by two-way MANOVA of the 

combined BMI and SB subgroups (Table 7.4, p > 0.05). 
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7.2.6 Effect on Peak SBP 

Based on BMI subgroups, males showed peak SBP changes ranging from ∆SBP = 

10.6 mmHg (Table 7.3, n = 392, SD = 23.8, p < 001) in BMI-2 patients to ∆SBP = 9.6 

mmHg (Table 7.3, n = 232, SD = 23.6, p < 001) in the BMI-3 subgroup. Females 

showed peak SBP changes ranging from ∆SBP = 11.2 mmHg (Table 7.3, n = 76, SD 

= 20.9, p < 001) in BMI-1 patients to ∆SBP = 5.0 mmHg (Table 7.3, n = 90, SD = 

20.6, p < 001) in the BMI-2 subgroup. One-way MANOVA showed no effect of BMI 

subgroup allocation alone on peak SBP outcomes (Table 7.3, p > 0.05) based on a 

Bonferroni adjusted alpha of 0.008. Based on the combined BMI and SB subgroups, 

males showed peak SBP changes ranging from ∆SBP = 19.1 mmHg (Table 7.4, SD 

= 20.8, p < 001) in BMI-2/SB1 patients to ∆SBP = 8.9 mmHg (Table 7.4, SD = 24.3, 

p < 001) in the BMI-3/SB2 subgroup. Two-way MANOVA showed that SB group had 

an Effect size = 0.023 (Table 7.4, p < 0.001) on peak SBP outcomes in males. 

Based on the combined BMI and SB subgroups, females showed peak SBP 

changes ranging from ∆SBP = 24.6 mmHg (Table 7.5, SD = 20.9, p < 001) in BMI-

1/SB1 patients to ∆SBP = 6.8 mmHg (Table 6, SD = 19.9, p < 001) in the BMI-1/SB2 

subgroup. Two-way MANOVA showed that SB group had an Effect size = 0.042 

(Table 7.5, p < 0.01) on peak SBP outcomes in females. 
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Table 7.5 - Outcomes in resting and peak physiology in non-MI females by 
BMI and SB subgroups 

  
            

 Parameter 
SB 1 SB 2 SB 3 

  Mean SD Mean SD Mean SD 

BMI 1 

Rest ∆HR -2.2 10.1 -1.3 10.5 -1.2 16.4 
aRest ∆SBP *12.0 9.7 -2.5 13.8 *-8.7 17.3 
aRest ∆DBP *10.8 10.3 -2.6 9.1 -5.8 12.3 

Peak ∆HR *11.8 19.2 *9.9 15.7 10.4 22.9 
aPeak ∆SBP *24.6 20.9 *6.8 19.9 7.6 18.6 

∆EST Min *2.1 2.7 *1.3 2.7 *2.7 2.7 

BMI 2 

Rest ∆HR -3.5 11.3 -2.8 10.8 -1.8 12.5 

Rest ∆SBP 5.0 12.2 1.9 14.3 *-11.0 13.6 

Rest ∆DBP 4.4 13.7 -1.9 8.8 *-4.8 8.4 

Peak ∆HR *16.3 10.8 *5.2 17.4 *8.3 17.2 

Peak ∆SBP 6.3 16.9 4.8 18.3 5.0 25.4 

∆EST Min *1.1 1.0 *2.2 2.3 *1.7 2.0 

BMI 3 

Rest ∆HR -2.9 19.5 -1.5 14.3 -1.2 11.4 

Rest ∆SBP *16.6 6.9 -0.7 24.5 *-15.2 16.3 

Rest ∆DBP *8.9 7.6 -0.3 10.1 *-3.8 9.0 

Peak ∆HR 6.0 21.4 5.6 21.3 6.2 23.0 

Peak ∆SBP 25.9 32.8 *10.4 20.2 -3.4 27.0 

∆EST Min 1.3 1.6 *1.7 1.8 *-1.7 2.6 

 

Subgroups shown are as follows: BMI-1 represents < 25 kg.m-2; BMI-2 represents 
25-30 kg.m-2; BMI-3 represents > 30 kg.m-2; SB1 = SBP < 100 mmHg; SB2 = 100 < 
SBP < 130 mmHg; SB3 = SBP > 130 mmHg. Statistical analysis involved paired 
samples T-test of outcomes and two-way MANOVA of all the listed dependent 
variables against BMI and SB subgroup allocation as the independent variables. 
Bonferroni corrected alpha of 0.008 was used to determine significance within the 
MANOVA.*These outcomes were statistically significant (p < 0.05) based on paired 
T-test analysis. aThese parameters showed a significant difference across SB 
groups. 
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7.2.7 Effect on EST Minutes 

Based on BMI subgroups, males showed increases in EST minutes of between 

∆Mins = 2.2 mins for BMI-1 (Table 7.3, n = 182, SD = 2.6, p < 0.05) and ∆Mins = 1.9 

mins for BMI-3 patients (Table 7.3, n = 232, SD = 2.5, p < 0.05). Females showed 

increases in EST minutes ranging from ∆Mins = 1.9 mins in BMI-1 (Table 7.3, n = 76, 

SD = 2.7, p < 0.05) to ∆Mins = 1.3 mins in BMI-3 (Table 7.3, n = 91, SD = 1.9, p < 

0.05). One-way MANOVA showed that BMI subgroup allocation alone had no effect 

on EST minute outcomes in males or females (Table 7.3) using a Bonferroni 

adjusted alpha of 0.008. Based on the combined BMI and SB subgroups, males 

showed EST minute increases ranging from ∆Mins = 2.6 mmHg (Table 7.4, SD = 

3.0, p < 05) in BMI-2/SB1 patients to ∆Mins = 1.6 mmHg (Table 7.4, SD = 2.9, p < 

0.05) in the BMI-3/SB3 subgroup. Based on the combined BMI and SB subgroups, 

females showed EST minute changes ranging from ∆Mins = 2.7 mmHg (Table 7.5, 

SD = 2.7, p < 05) in BMI-1/SB3 patients to ∆Mins = -1.7 mmHg (Table 7.5, SD = 2.6, 

p < 0.05) in the BMI-3/SB3 subgroup. Two-way MANOVA showed that SB group had 

no effect on EST minute outcomes in either gender (Table 7.4 and Table 7.5, p > 

0.05). 

 

7.3 Discussion 

7.3.1 Overview 

These findings suggest that with an IT based CR intervention in non-MI patients: (a) 

BMI grouping in isolation does not significantly affect outcomes in resting HR, SBP 

or DBP ; (b) peak HR outcomes, representing increases across all subgroups in both 

genders, appear to be progressively lower with higher BMI groups; (c) peak SBP 
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outcomes were also consistently positive (representing increases from pre-program 

value), but these were not shown by one-way MANOVA to vary significantly with BMI 

groups in isolation; (d) while one-way MANOVA showed no statistically significant 

variation in EST minute outcomes based on BMI groups, the trend of equivalent 

outcomes in BMI-1 and BMI-2 and lower outcomes in BMI-3 groups appears 

clinically significant; (e) combined BMI and SB grouping shows that the effects of SB 

allocations seen earlier in non-MI patients are preserved (particularly in resting BP, 

peak HR in males and peak SBP in both males and females) with underlying BMI 

grouping helping to reveal peaks (e.g maximal peak HR outcomes in BMI-2/SB-1 

patients, with BMI-1/SB-1 and BMI-3/SB-1 outcomes lower in males), troughs (e.g. 

male peak HR outcomes higher in BMI-1/SB-3 and BMI-3/SB-3, lowest in BMI-2/SB-

3) and grading (e.g. peak HR outcomes in BMI-1/SB-2 are higher than BMI-2/SB-2 

and in turn higher than BMI-3/SB-2) trends. 

 

Significant pre-program variations across BMI groups were shown for rest SBP (in 

males), rest DBP (in females), and peak SBP and EST minutes in both genders. 

Resting SBP outcomes increased from BMI-1 to BMI-3 groups, as did peak SBP 

outcomes. However EST minute outcomes decreased in both genders from BMI-1 to 

BMI-3 groups. Based on this data, patients admitted to the CR program and 

assessed at rest as obese pre-program generally had higher resting blood pressure, 

showed a significantly higher peak BP and achieved the lowest durations during EST 

testing. Diagnosed hypertension varied in males between BMI groups, although the 

variation in females did not achieve statistical significance in the one-way MANOVA 

(likely due to the lower sample sizes in the female groups). Additionally, 

hypercholesterolemia and sedentary behaviour varied in both genders based on BMI 
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groups. These variations confirm the value of BMI grouping to effectively correct for 

as much of this multi-parameter variation as possible when analysing physiological 

outcomes. 

 

7.3.2 Resting physiology 

As with age grouping, the application of BMI groups in isolation does not seem to 

significantly influence outcomes in resting physiology in non-MI patients. This is 

despite the variations in resting SBP and DBP shown across BMI groups pre-

program. Thus it seems that BMI may not independently predict outcomes in resting 

physiology. However as we will see later, the combined BMI and SB groupings 

showed some interesting trends. There is little or no reliable evidence on the effects 

of BMI on resting outcomes with IT-based CR interventions for comparison with the 

current data. There is evidence that obesity affects resting respiratory function by 

reducing compliance of the respiratory system, and that obese individuals may 

actually have cardiorespiratory fitness levels within the normal ranges [193]. These 

authors also describe how increased peripheral muscular hypertrophy may be 

common among those with overweight or obesity as an adaptation to cope with 

increased body-mass, suggesting that this increased muscle mass could in turn be 

contributing to the normal cardiorespiratory fitness levels. Such factors combined 

may therefore explain the pattern of variations seen here in non-MI patients in pre-

program resting physiology based on BMI, without an apparent variation in 

physiological outcomes in resting HR, SBP or DBP based on BMI grouping alone.  
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7.3.3 Peak physiology 

Peak HR increases in both genders appear to be graded and less clinically 

significant with higher BMI groups. This implies that patients with higher BMI will 

show lesser increases in peak HR post-program, although this finding does not 

necessarily indicate a direct link. Pre-program data showed no statistical variation in 

peak HR between BMI groups to explain the outcomes in peak HR outcomes post-

program. Those with higher BMI may be impeded in their physical activity [187], or 

have respiratory and other limitations to physiological changes [194], or some 

combination of these and/or other clinical factors. These peak HR outcomes may 

also be the result of relatively normal cardiorespiratory fitness seen in obese 

individuals [193] leading to adaptations of lower absolute value. The present data 

however compares patients with normal BMI, overweight and obesity, showing that 

peak responses in HR appear to be influenced by pre-program BMI. 

 

Peak SBP outcomes were also consistently positive (representing increases from 

pre-program value), but these were not shown by one-way MANOVA to vary 

significantly with BMI groups in isolation. However pre-program peak SBP was 

shown to be significantly higher in BMI-3 (obese) patients than BMI-2 (overweight) 

patients, which in turn was higher than pre-program peak SBP in BMI-1 (normal) 

patients. These combined findings show that the present IT protocol produced 

changes in peak SBP of similar clinical significance based on BMI despite variations 

in pre-program peak SBP, which may once again be potentially explained by the 

differential effects of obesity on resting and peak physiology reported elsewhere 

[187, 193].  
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As peak SBP is not as yet a routinely reported outcome measure in studies 

investigating IT interventions in clinical contexts, particularly with corrections for BMI, 

we have no evidence from the literature for direct comparison of the present findings.  

 

7.3.4 Implications for clinical practice 

As the analysis based on BMI subgroups suggests, patients appear able to tolerate 

elevated peak HR and SBP, and increased EST time. Other data [187] shows that 

exercise training may increase maximal HR and VO2 max after weight loss. 

However as previously argued, rehabilitation should perhaps aim to increase the 

workload while minimising cardiovascular burden during exertion. Improved 

physiological efficiency during exertion may be more desirable in a rehabilitation 

context than the achievement of increased peak physiology for relatively small 

functional capacity gains. Breathing dynamics such as tidal volume and respiratory 

rate [188] are potential limiting factors to improved functional capacity with training, 

requiring specific attention during rehabilitation. In addition to the effects of metabolic 

comorbidities reported in the present retrospective review, Met-S may also 

compromise FEV1 and FVC, but not FEV1/FVC ratio [57], and may lead to the 

development of restrictive lung dysfunction in susceptible individuals. Respiratory 

muscle training [189] has been shown to improve exercise capacity in healthy 

individuals, with greater improvements in those less fit at baseline. As will be seen 

later, functional breathing training incorporated into the NICER intervention (see 

Chapter 15) has also demonstrated the potential to improve physiologic efficiencies 

with training. 
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While one-way MANOVA showed no statistically significant variation in EST Minute 

outcomes based on BMI groups, the trend of equivalent outcomes in BMI-1 and BMI-

2 groups and lower outcomes in BMI-3 patients appears clinically significant. Whilst 

cardiorespiratory fitness may be at or near normal levels in those with obesity [193], 

the average increases in EST duration post-program being significantly lower 

statistically suggest that obesity (but not overweight) reduces the total time gained 

during maximal EST testing following the current IT protocol. No evidence was found 

within the literature for direct comparison of these findings based on pre-program 

BMI. Further research and analysis is necessary to determine whether this finding 

was related to increased patient reported fatigue and/or symptoms or clinician-

observed signs (e.g. higher incidence of STEMI during testing), leading to EST 

termination earlier in obese BMI-3 patients. The pre-program data also showed lower 

EST durations in BMI-3 patients in both males and females. 

 

The trends seen in outcomes when the combined BMI and SB groupings are applied 

show that the effects of SB allocations seen earlier in non-MI patients are preserved 

when used with BMI grouping. Moreover the underlying BMI grouping helps to reveal 

the influence of body composition in SB1 hypotensive, SB2 normotensive, and SB3 

hypertensive patients respectively. The maximal Peak HR outcome in hypotensive 

BMI-2/SB-1 patients, with BMI-1/SB-1 and BMI-3/SB-1 outcomes lower in males, 

demonstrates a peaking trend in overweight BMI-2 patients whereby SB2 

normotensives show the highest post-program Peak HR outcomes, with both hypo- 

and hypertensive individuals averaging lesser changes in Peak HR. The trough seen 

in hypertensive males in terms of Peak HR outcomes (outcomes higher in BMI-1/SB-

3 and BMI-3/SB-3, lowest in BMI-2/SB-3) shows the reverse pattern in outcomes to 
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hypotensive patients. Thus when both SB and BMI groupings are applied, the data 

shows opposing adaptation trends between hypotensive and hypertensive patients. 

These observations in Peak HR outcomes are made more interesting by the grading 

trend seen in normotensive patients. Peak HR outcomes here were maximal in BMI-

1/SB-2 patients, and minimal in BMI-3/SB-2) individuals. Based on these observed 

trends we can reasonably predict that normotensive patients with lower BMI will 

achieve the greatest increase in Peak HR. However in overweight individuals, 

hypotensive and hypertensive patients will generally achieve maximal versus 

minimal changes in Peak HR, respectively. A search of the literature did not reveal 

past data for direct comparison of these findings. 

  
 

7.4 Conclusion  

The findings suggest that BMI may not significantly impact on resting physiologic 

outcomes following the present IT-based CR intervention. Higher BMI groups 

showed lesser increases in peak HR post-program. Novel trends were demonstrated 

in terms of peak physiology with the combined application of both BMI and SB 

subgroup allocations. These results demonstrate the usefulness of these allocations 

in the interpretation of clinical CR outcomes. 
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Chapter 8 
Retrospective: Resting physiology outcomes in MI patients 
 
 

8.1 Introduction to the Chapter 

 

As we concluded in Chapter 4, pre-program resting SBP and metabolic syndrome 

comorbidities can significantly affect resting and peak physiologic outcomes in 

various ways. The variability in CR outcomes reported within the literature may  thus 

be explained to some degree by these factors. However central to determining the 

most appropriate outpatient CR program and exercise prescription is a patient’s MI 

history. The key goals of any CR program are improvements in cardiac function and 

regulatory mechanisms governing these variables, leading to reduced risk of serious 

cardiovascular events and reduced morbidity and mortality. While there is evidence 

for IT-based exercise interventions improving such parameters, there remains a 

need to clarify the effects of the present IT-based training protocol on resting 

physiology in clinical CR settings. The chapter begins with a review of the overall 

sample demographics (N = 1427) of all MI patients who completed the Westmead 

hospital CR intervention between January 2000 and December 2011. This is then 

followed by an investigation of the physiological outcomes in these MI patients based 

on pre-program resting SBP (SB Bands), which can significantly affect outcomes. 

Finally, we address the combined influence of SB Bands and metabolic syndrome 

comorbidities (MC classification) on these same outcomes. 
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8.2 Results 

8.2.1 Key Demographics 

Hypertension varied significantly across SB subgroups in both genders, while BB 

use varied only in males (Table 8.1, p < 0.05). Gender-based multinomial logistic 

regression using all of the independent variables shown in Table 8.1, with SB 

subgroup allocation as the dependent variable, showed that the full model containing 

all predictors was statistically significant in males (2 = 132.2, p<0.001) but not 

females (p > 0.05), with the model explaining 10.2% to 12.0% (Cox & Snell R2 and 

Nagelkerke R2) of the variance in SB subgroup allocations in males. Prevalence of 

hypertension diagnosis, BB and ACEI use contributed significantly (p < 0.01) to SB 

subgroup allocation in males based on the overall model (Table 8.1).  
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Table 8.1 – Pre-program categorical parameters in MI patients by 
SB subgroups 

     

 
Parameter SB1 SB2 SB3 

Males 

Total (N) 337 720 170 

Hyperchol. - n(%) 315 (93.5) 653 (90.7) 165 (97.1) 

*Hypertension - n(%) 122 (36.2) 367 (51.0) 134 (78.8) 

Diabetes - n(%) 75 (22.3) 146 (20.3) 51 (30.0) 

Family History - n(%) 131 (38.9) 275 (38.2) 70 (41.2) 

Sedentary - n(%) 146 (43.3) 311 (43.2) 73 (42.9) 

*Beta-Blocker - n(%) 273 (81.0) 504 (70.0) 108 (63.5) 

ACE Inhibitor - n(%) 230 (68.2) 452 (62.8) 103 (60.6) 

Females 

Total (N) 39 109 54 

Hyperchol. - n(%) 35 (89.7) 99 (90.8) 51 (94.4) 

*Hypertension - n(%) 18 (46.2) 72 (66.1) 43 (79.6) 

Diabetes - n(%) 10 (25.6) 32 (29.4) 13 (24.1) 

Family History - n(%) 18 (46.2) 51 (46.8) 26 (48.1) 

Sedentary - n(%) 25 (64.1) 57 (52.3) 26 (48.1) 

Beta-Blocker - n(%) 27 (69.2) 78 (71.6) 36 (66.7) 

ACE Inhibitor - n(%) 24 (61.5) 67 (61.5) 35 (64.8) 

 

Subgroups shown are as follows: SB1 = SBP < 100 mmHg; SB2 = 100 < SBP < 130 
mmHg; and SB3 = SBP > 130 mmHg. Statistical analysis involved Pearson’s chi-
square test for intergroup variation for each independent variable, followed by 
multinomial logistic regression analysis of all independent variables combined 
against SB subgroup allocation as the dependent variable. *These parameters 
showed significant (p < 0.05) differences based on Pearson’s chi analysis of gender-
based SB subgroups. #These parameters showed a significant contribution to SB 
group allocation using a corrected Bonferroni alpha of 0.008. 
 
 

Table 8.2 summarises the continuous demographic variables (age, pre-program 

BMI, and resting HR, SBP and DBP) for the data sample in the present study based 

on gender and SB subgroups. One-way MANOVA analysis, using SB subgroup 

allocation as the categorical dependent variable and the continuous demographic 

parameters above (excluding rest SBP) as the independent variables, showed that 

age, pre-program BMI, resting SBP and DBP showed significant variance across SB 

subgroups in both genders (based on a Bonferroni adjusted alpha value of 0.01).  
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In males, resting DBP (Table 8.2, Effect size = 0.290, p < 0.001) was followed by 

age (Table 8.2, Effect size = 0.068, p < 0.001) as the parameters most influenced by 

SB group allocation. This was also seen in females with rest DBP (Table 3, Effect 

size = 0.213, p < 0.001) being followed by age (Table 8.2, Effect size = 0.066, p < 

0.001) as the parameters most influenced by SB group allocation. The model 

showed a statistically significant difference between SB subgroups based on the 

combined dependent variables in males (Wilks’ Lambda = 0.597, Effect size = 0.227, 

and p < 0.001) and females (Wilks’ Lambda = 0.623, Effect size = 0.211, and p < 

0.001).  

 

Table 8.2 - Pre-program physiological characteristics in MI patients by SB 
subgroups 

        

  

SB1 SB2 SB3 

  
Mean SD Mean SD Mean SD 

Males 

*Age 55.7 10.0 59.3 10.8 64.9 9.7 

*BMI 27.6 4.4 28.4 4.4 28.2 4.8 

Rest HR 71.1 12.9 71.0 14.0 70.1 13.1 

*#Rest SBP 95.7 5.1 115.8 8.1 145.5 10.3 

*Rest DBP 63.0 6.9 71.4 8.5 80.0 10.1 

Females 

*Age 58.2 11.5 64.3 11.0 66.4 9.2 

*BMI 26.5 6.7 27.7 6.6 30.4 5.9 

Rest HR 74.5 13.2 71.5 12.3 72.6 13.5 

*#Rest SBP 97.2 3.8 117.6 8.8 144.6 10.0 

*Rest DBP 61.5 7.2 69.1 9.0 75.3 9.9 

 

Subgroups shown are as follows: SB1 = SBP < 100 mmHg; SB2 = 100 < SBP < 130 
mmHg; and SB3 = SBP > 130 mmHg.  Statistical analysis involved one-way 
MANOVA of all the listed dependent variables against SB subgroup allocation as the 
independent variable. Bonferroni corrected alpha of 0.01 was used to determine 
significance within the MANOVA. *These parameters showed a significant difference 
across SB groups. # Resting SBP was not included in the one-way MANOVA 
analysis. 
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8.2.2 Effect on resting HR 

Significant HR reductions were observed in males classified as SB2 (Table 8.3, N = 720, 

∆HR = -1.2 bpm, p < 0.05) and females classified as SB3 (Table 8.3, N = 54, ∆HR = -3.4 

bpm, p < 0.05). One-way MANOVA comparison of SB subgroups for resting HR outcomes 

showed no statistically significant differences in either gender (Table 8.3, p > 0.05). 

 

Table 8.3 - Physiological at-rest outcomes in MI patients by SB subgroups 

        

 Parameter 
SB1 SB2 SB3 

 
Mean SD Mean SD Mean SD 

Males 

∆HR -0.7 11.7 *-1.2 10.9 -1.0 9.7 
#∆SBP *8.4 13.3 *1.9 13.8 *-10.4 16.1 
#∆DBP *3.7 10.0 0.4 9.6 *-3.8 9.7 

Females 

∆HR -0.8 11.0 -1.2 10.3 *-3.4 10.4 
#∆SBP *9.8 12.1 2.0 14.6 *-15.6 13.1 
#∆DBP *4.5 10.8 1.0 8.3 *-3.3 10.4 

 

Subgroups shown are as follows: SB1 = SBP < 100 mmHg; SB2 = 100 < SBP < 130 
mmHg; and SB3 = SBP > 130 mmHg.  Outcomes shown represent means of post- 
minus pre-program values. Analysis involved one-way MANOVA of resting heart rate 
(HR), systolic (SBP) and diastolic (DBP) blood pressure as dependent variables 
against SB subgroup allocation as the independent variable, for each gender 
independently. Bonferroni corrected alpha of 0.017 was used to determine 
significance within the MANOVA. *These outcomes represent significant (p < 0.05) 
changes based on paired t-test analysis of pre- and post-program resting values. # 

These parameters showed significant differences across SB group allocation. 
 
 
 

8.2.3 Effect on resting SBP 

Males classified as SB1 and SB2 showed resting SBP increases (Table 8.3, N = 337 and 

∆SBP = 8.4 mmHg, with p < 0.001, and N = 720, ∆SBP = 1.9 mmHg, with p < 0.05, 

respectively). Males classified as SB3 showed a reduced SBP (Table 8.3, N = 170, ∆SBP = -

10.4 mmHg, p < 0.001). Females classified as SB1 also showed increased resting SBP 

(Table 8.3, N = 39, ∆SBP = 9.8 mmHg, p < 0.001) whilst it was reduced in females classified 

as SB3 (Table 8.3, N = 54, ∆SBP = -15.6 mmHg, p < 0.001). One-way MANOVA 
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comparison of SB subgroups showed that SB subgroup allocation had an Effect size of 

0.142 on resting SBP outcomes in males and 0.311 in females (Table 8.3, p < 0.001). 

 

 

Table 8.4 - Resting SBP outcomes in MI males by SB and 
MC subgroups 

       

   
SBP Outcome DBP Outcome 

  
n Mean SD Mean SD 

SB1 

MC0 8 10.3 11.5 5.0 10.7 

MC1 59 5.1 16.2 1.8 9.9 

MC2 147 *7.8 10.8 *3.7 9.4 

MC3 86 *8.9 12.3 *3.4 9.9 

MC4 37 *14.4 17.8 *6.8 12.0 

SB2 

MC0 13 0.4 12.3 3.1 9.7 

MC1 88 0.0 15.1 -1.2 9.5 

MC2 290 0.6 13.6 -0.5 9.6 

MC3 245 2.7 13.0 1.4 9.6 

MC4 84 *6.6 14.9 1.8 8.9 

SB3 

MC0 0 - - - - 

MC1 11 *-15.9 18.9 -4.1 8.9 

MC2 39 *-13.2 14.3 *-3.6 9.1 

MC3 80 *-10.0 15.0 *-4.0 10.6 

MC4 40 *-6.9 18.6 *-3.9 8.7 

 

SB1, SB2, and SB3 = pre-program resting SBP classifications. Outcomes represent 
post- minus pre-program resting SBP values. Statistical analysis involved two-way 
ANOVA of resting systolic blood pressure (SBP) as the independent variable against 
SB subgroup and MC subgroup allocations as the dependent variables. *These 
outcomes represent significant (p < 0.05) changes based on paired t-test analysis of 
pre- and post-program values.   
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In males: (a) within the SB1 subgroup, graded resting SBP increases were shown for 

groups progressing from MC2 (Table 8.4, N = 147, ∆SBP = 7.8 mmHg , SD = 10.8, p 

< 0.01) to MC4 (Table 8.4, N = 37, ∆SBP = 14.4 mmHg, SD = 17.8, p < 0.01);  (b) 

within the SB2 subgroup, significant changes in resting SBP were achieved only by 

MC4 patients (Table 8.4, N = 84, ∆SBP = 6.6 mmHg, SD = 14.9, p < 0.01); (c) within 

the SB3 subgroup, significant changes in resting SBP were achieved by subgroups 

ranging from MC1 (Table 8.4, N = 14, ∆SBP = -15.9 mmHg, SD = 18.9, p < 0.05) to 

MC4 (Table 8.4, N = 40, ∆SBP = -6.9 mmHg, SD = 18.6, p < 0.01). Two-way 

MANOVA applied to resting SBP outcomes in males based on SB and MC subgroup 

allocations showed that both SB (Table 8.4, Effect size = 0.113, p < 0.001) and MC 

(Table 8.4, Effect size = 0.020, p < 0.001) allocations showed significant variance in 

resting SBP outcomes. 

 

8.2.4 Effect on resting DBP 

Males classified SB1 showed resting DBP increases (Table 8.3, N = 337, ∆DBP = 

3.7 mmHg, SD = 10.0, p < 0.001), while those classified SB3 showed a reduced 

resting DBP (Table 8.3, N = 170, ∆DBP = -3.8 mmHg, SD = 9.7, p < 0.001). Females 

classified SB1 showed increased resting DBP (Table 8.3, N = 39, ∆DBP = 3.7 

mmHg, SD = 10.0, p < 0.001) whilst it was reduced in females classified as SB3 

(Table 8.3, N = 54, ∆DBP = -3.3 mmHg, SD = 10.4, p < 0.001). One-way MANOVA 

comparison of SB subgroups for resting DBP outcomes showed significant 

differences in both males (Table 8.3, Effect size = 0.054, p < 0.001) and females 

(Table 8.3, Effect size = 0.076, p < 0.001). 
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In males: (a) within the SB1 subgroup, resting DBP increases were shown for groups 

progressing from MC2 (Table 8.4, N = 147, ∆DBP = 3.7 mmHg , SD = 9.4, p < 0.01) 

to MC4 (Table 8.4, N = 37, ∆DBP = 6.8 mmHg, SD = 12.0, p < 0.01);  (b) within the 

SB2 subgroup, no significant changes in resting DBP were shown for any MC 

subgroup (Table 8.4,p > 0.05); (c) within the SB3 subgroup, significant changes in 

resting DBP were achieved by subgroups ranging from MC2 (Table 8.4, N = 39, 

∆DBP = -3.6 mmHg, SD = 9.1, p < 0.05) to MC4 (Table 8.4, N = 40, ∆SBP = -3.9 

mmHg, SD = 8.7, p < 0.01). Two-way MANOVA applied to resting DBP outcomes in 

males based on SB and MC subgroup allocations showed that SB allocation (Table 

8.4, Effect size = 0.034, p < 0.001) influenced variance in resting DBP outcomes, but 

not MC (Table 8.4, p > 0.05). 

 

8.3 Discussion 

8.3.1 Overview 

In summary: (a) SB group allocations affected outcomes in rest SBP and rest DBP, 

but not in rest HR; (b) after correcting for SB groups, MC subgroup allocations 

affected outcomes in rest SBP but had no further influence on rest DBP outcomes; 

(c) in both males and females, SB1 patients increased rest SBP and rest DBP post-

program, while SB3 patients showed reduced rest SBP and rest DBP; (d) SB2 males 

and females showed variable outcomes in resting physiology (e) in SB3 (i.e. 

hypertensive) females, reductions were shown in resting HR, SBP and DBP from 

pre-program values, while no significant resting HR changes were seen in SB3 

males. 
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8.3.2 Important demographics 

Significant pre-program variations across SB groups were shown in both genders for 

age, BMI, rest SBP and DBP, but not resting HR. All of these parameters appeared 

to increase relatively consistently from SB1 to SB3. Based on this pre-program data, 

patients admitted to the CR program and assessed at rest as hypertensive pre-

program were generally older, had higher BMI and resting blood pressure during 

EST testing. Diagnosed hypertension varied as expected between SB groups in both 

genders. Additionally, BB use varied significantly in males only. However SB groups 

are based on the measured blood pressure at the time of pre-program assessment 

rather than a prior diagnosis of hypertension. Thus the 36.2% of SB1 male and 

46.2% of SB1 female patients with previously diagnosed hypertension and assessed 

during pre-program testing to be hypotensive (i.e. systolic BP below 100 mmHg) are 

noteworthy. The effect of medications on physiological outcomes is examined further 

in Chapter 13, with findings there suggesting that when taken with BB medication, 

ACEI use may limit peak SBP changes in both males and females. When combined 

with the relatively high number of hypotensive SB1 patients taking ACEI medications 

(68.2% of males and 61.5% of females) and with a diagnosis of hypertension, the 

data suggest that a review of BB and ACEI medications for patients entering CR may 

be necessary. This medication review may improve peak SBP outcomes, and given 

the assessed pre-program hypotension, may be well tolerated and effective with 

regular follow-up. These above variations help to confirm the value of SB grouping to 

effectively correct for as much of this multi-parameter variation as possible when 

analysing physiological outcomes. 

 

 



143 
 

8.3.3 Outcomes in resting physiology 

Analysis of the present data revealed that rest HR did not vary significantly across 

SB groups, whereas both rest SBP and rest DBP were shown to trend in similar 

fashion to outcomes in non-MI patients. In all except male SB2 and female SB3 

groups, we again see that factors that regulate resting SBP and DBP may have 

changed, but apparently not those affecting rest HR. These may include changes in 

cardiac and/or vascular tissue [99, 153], or alterations in regulatory mechanisms and 

mediators governing the tone of myocardial and/or vascular tissue [15, 154, 155], or 

a combination of both [156]. 

 

In the current MI population, SB1 patients demonstrated higher rest SBP and rest 

DBP post-program, whereas SB3 groups showed reductions in both these 

parameters. This trend was also consistent in both genders. High-intensity IT may 

compensate for age-related decline in central diastolic and systolic function [157] 

and may deliver significant changes in left ventricular structure and function, and 

improved ejection fraction [156]. Patients with an MI attending exercise based CR 

who show an improved myocardial perfusion at rest post-intervention also show a 

reduced resting HR [158]. Such factors may help to explain the increased rest SBP 

seen in SB1 patients. The use of IT in hypertensive patients [88, 159, 160] has been 

shown to reduce blood pressure in this patient group. The HyperGEN study 

demonstrated a gender difference in diastolic function in hypertensive patients [195], 

with men showing slower early diastolic LV filling than women. This may help explain 

the more clinically significant rest SBP outcomes in female SB3 patients within the 

current results. Female gender has also been suggested as an independent 

predictor of better LV function in hypertensive patients with hypertrophy [185]. A 
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dominance of sympathetic vascular regulation in men and parasympathetic 

regulation of HR in women [176] may also partially explain the difference seen 

between SB3 males and females in terms of rest HR outcomes. Longer term 

adaptations to IT may include physiological adaptations early followed by structural 

adaptations with normal sensitivity to nitric oxide (endothelial derived vasodilator) in 

vessel walls during later stages [15]. Thus the observed reductions in rest SBP and 

DBP in SB3 patients appear to be in line with results from the literature. 

 

Pre-program normotensive SB2 patients showed varied results, with males achieving 

slight rest HR reductions and rest SBP increases, while SB2 females showed no 

significant changes in resting physiology. The slight average increase in rest SBP 

seen in SB2 males, and in particular the clinically noteworthy increase in post-

program rest SBP seen in SB2/MC4 males, may be explained by results 

demonstrating that normotensive males with Met-S commonly experience exercise-

induced hypertension [179]. Data from the Framingham study demonstrated gender 

differences in heart rate and diastolic blood pressure at various life stages, and 

particularly during later years of life [161]. These findings suggest that females may 

tolerate greater deviations from homeostatic physiology than males of the same age. 

Thus males may be more significantly affected by deviations to physiology, 

potentially explaining the diminished adaptations in SB2 females due to lesser 

physiologic challenges. However further research is required to establish these 

phenomena. 
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The four comorbidities chosen in the present study as the basis of the MC 

classifications (i.e. hypercholesterolemia, hypertension, obesity, and diabetes) form 

the basis of the majority of metabolic syndrome (Met-S) definitions. Met-S may be a 

more reliable predictor of reduced outcomes in females than in males following an 

intensive 3-week (6 days per week, 2 sessions per day) rehabilitation program [32]. 

Thus gender is again an important consideration at the level of MC correction. 

Insufficient data was available in the current study to allow an adequate analysis of 

the effects of MC classification in females. 

 

The influence of the chosen Met-S comorbidities is thus also confirmed in MI 

patients, as with non-MI patients. The present findings show that hypertensive males 

with lower comorbidity burdens achieve greater SBP reductions following CR. 

However, hypotensive SB1 males showed maximal SBP increases in MC4 patients. 

As with patients without MI history, hypotensive MI patients with the greatest 

comorbidity burden may benefit the most from aerobic IT exercise. Refinement of the 

MC classification system is necessary since the present methods do not differentiate 

precise combinations of different comorbidities. Obesity and diabetes, for example, 

may impact on outcomes differently than obesity and hypertension, although both 

would be classified as MC2 in the present study. Larger sample sizes would allow 

finer differentiation of the present MC categories. It is clear though is that pre-

program SB and MC classification significantly influence patient rest SBP outcomes 

in MI patients following IT. The present findings demonstrate the extent to which pre-

program resting blood pressure and comorbidities influence post-program at-rest 

physiology outcomes in MI patients. 
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8.3.4 Implications for clinical practice 

Reviews of exercise benefits in Met-S suggest that various training protocols can 

elicit improvements in blood pressure, muscular metabolism and fat induced 

inflammation [196, 197]. Other evidence from hypertensive type-2 DM patients with 

hypertension [153] suggests that a combination of aerobic endurance and resistance 

training may improve fitness, body composition  and glycaemic control, but not flow-

mediated dilation (FMD) or plasma inflammatory markers. However, other exercise 

protocols have demonstrated various benefits of exercise relating to FMD [99, 177]. 

Given the LV systolic dysfunction [61] seen in patients with Met-S combined with 

hypertension, the effects of Met-S on LV morphology independent of age or gender 

[180], and the negative impacts of Met-S on autonomic regulatory systems [182], the 

stratification of rest SBP outcomes in SB1 and SB3 males based on the combined 

SB/MC subgroups likely holds genuine clinical significance for rehabilitation 

outcomes. 

 

The ongoing debate regarding the ideal exercise protocols for maximising clinical CR 

outcomes is growing. While some authors argue that IT is better than ET in 

hypertension for example [156, 159, 192], IT and ET have also been suggested to 

yield similar CVS and metabolic adaptations [169], and equally effective at 

increasing intramuscular microvasculature in sedentary individuals [190]. There is 

also an increasing body of research addressing the roles of other comorbidities in 

determining outcome. Deficiencies and variability in respiratory function and 

breathing pattern (tidal volume and respiratory rate) in CHF patients [188] causing 

impairments in functional capacity, sleep-related breathing disorder [198], reducing 

exercise capacity and peak hemodynamic response to exercise, are also factors that 
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have been reported. Therefore comorbidities are important considerations in 

prescribing exercise within clinical CR contexts. 

 

8.4 Conclusion  

These results show that patients who have experienced an MI event may generally 

achieve slightly lesser changes in resting and peak physiology following the IT-based 

CR intervention than non-MI patients. However an MI event does not appear to 

affect the previously reported trends in the resting physiologic adaptations based on 

pre-program resting SBP and MC group allocation.  
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Chapter 9 
Retrospective: Peak outcomes in MI patients 

 

 

 

9.1 Introduction to the Chapter  

 

The rehabilitation of post-MI patients addresses many goals, including gains in 

functional capacity to enable an improved quality of life and reduced morbidity. 

Various CR models have been evaluated on their potential to improve functional 

capacity and enhance peak physiology and cardiac function in MI patients. 

Improvements in the regulatory mechanisms governing peak responses to exercise 

can significantly reduce the risk of serious cardiovascular events in those already 

impacted by an MI event. The chapter begins with a review of the overall sample 

demographics (N = 1422) of all MI patients who completed the program. This is then 

followed by an investigation of the peak physiologic outcomes in these MI patients 

within the sample based on pre-program resting SBP (SB Bands), which can 

significantly affect outcomes. Finally, we address the combined influence of SB 

Bands and metabolic syndrome comorbidities (MC classification) on these same 

outcomes. 
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9.2 Results 
 
9.2.1 Key Demographics 

Hypertension and BB use varied significantly across SB subgroups in males, while 

only hypertension varied significantly between SB subgroups in females (Table 9.1, 

p < 0.05). Gender-based multinomial logistic regression using all of the independent 

variables shown in Table 9.1, with SB subgroup allocation as the dependent 

variable, showed that the full model containing all predictors was statistically 

significant in males (2 = 147.3, p<0.001) but not in females (p > 0.05), with the 

model explaining 11.3% to 13.4% (Cox & Snell R2 and Nagelkerke R2) of the 

variance in SB subgroup allocations in males. Only the prevalence of hypertension 

diagnosis contributed significantly (p < 0.001) to SB subgroup allocation in either 

gender (Table 9.1, p < 0.001).  
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Table 9.1 - Categorical demographics in MI patients by SB 

subgroups 

     

 
Parameter SB1 SB2 SB3 

Males 

Total (N) 336 720 170 

Hyperchol. - n(%) 314 (93.5) 653 (90.7) 165 (97.1) 

*Hypertension - n(%) 121 (36.0) 367 (51.0) 134 (78.8) 

Diabetes - n(%) 74 (22.0) 146 (20.3) 51 (30.0) 

Family History - n(%) 131 (39.0) 275 (38.2) 70 (41.2) 

Sedentary - n(%) 145 (43.2) 311 (43.2) 73 (42.9) 

*Beta-Blocker - n(%) 273 (81.3) 504 (70.0) 108 (63.5) 

ACE Inhibitor - n(%) 230 (68.5) 452 (62.8) 103 (60.6) 

Females 

Total (N) 38 104 54 

Hyperchol. - n(%) 34 (89.5) 94 (90.4) 51 (94.4) 

*Hypertension - n(%) 17 (44.7) 68 (65.4) 43 (79.6) 

Diabetes - n(%) 10 (26.3) 30 (28.8) 13 (24.1) 

Family History - n(%) 18 (47.4) 49 (47.1) 26 (48.1) 

Sedentary - n(%) 24 (63.2) 53 (51.0) 26 (48.1) 

Beta-Blocker - n(%) 26 (68.4) 76 (73.1) 36 (66.7) 

ACE Inhibitor - n(%) 23 (60.5) 62 (59.6) 35 (64.8) 

 

Subgroups shown are as follows: SB1 = SBP < 100 mmHg; SB2 = 100 < SBP < 130 
mmHg; and SB3 = SBP > 130 mmHg. Analysis involved Pearson’s chi-square test 
for intergroup variations, followed by multinomial logistic regression analysis of all 
independent variables against SB subgroup allocation as the dependent variable. 
*These showed significant (p < 0.05) differences with Pearson’s chi analysis. 

#
These 

parameters showed a significant contribution to SB group allocation using a 
corrected Bonferroni alpha of 0.008.  
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Table 9.2 summarises the continuous demographic variables (age, BMI, resting HR, 

SBP and DBP, peak HR and SBP, and minutes during EST assessment) for the data 

sample in the present study based on gender and SB subgroups. One-way 

MANOVA analysis, using SB subgroup allocation as the categorical dependent 

variable and the continuous demographic parameters above (excluding rest SBP) as 

the independent variables, showed that age, resting DBP, and peak SBP variables 

showed significant variance across SB subgroups in both genders, while EST 

minutes showed significant variance only in males (based on a Bonferroni adjusted 

alpha value of 0.007). In males, resting DBP (Table 9.2, Effect size = 0.292, p < 

0.001) was followed by peak SBP (Table 9.2, Effect size = 0.276, p < 0.001) as the 

parameters most influenced by SB group allocation. This was reversed in females 

with peak SBP (Table 9.2, Effect size = 0.378, p < 0.001) being followed by rest DBP 

(Table 3, Effect size = 0.213, p < 0.001) as the parameters most influenced by SB 

group allocation. The model showed a statistically significant difference between SB 

subgroups based on the combined dependent variables in males (Wilks’ Lambda = 

0.478, Effect size = 0.309, and p < 0.001) and females (Wilks’ Lambda = 0.441, 

Effect size = 0.336, and p < 0.001). 
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Table 9.2 - Continuous demographics in MI patients by SB subgroups 

        

 
Parameter 

SB1 SB2 SB3 

 
Mean SD Mean SD Mean SD 

Males 

*Age 55.6 10.0 59.3 10.8 64.9 9.7 

BMI 27.6 4.4 28.4 4.4 28.2 4.8 

Rest HR 71.0 12.8 71.0 14.0 70.1 13.1 
#Rest SBP 95.7 5.1 115.8 8.1 145.5 10.3 

*Rest DBP 63.0 6.9 71.4 8.5 80.0 10.1 

Peak HR 115.6 18.5 118.2 20.7 114.2 19.6 

*Peak SBP 130.1 21.8 152.9 24.2 175.7 21.6 

*Minutes 6.2 2.8 5.8 2.9 4.9 2.8 

Females 

*Age 57.6 11.0 63.9 11.0 66.4 9.2 

BMI 27.2 5.2 28.2 5.5 30.4 5.9 

Rest HR 74.1 13.2 71.7 12.4 72.6 13.5 
#Rest SBP 97.1 3.8 117.4 8.8 144.6 10.0 

*Rest DBP 61.5 7.3 69.4 9.1 75.3 9.9 

Peak HR 109.5 17.5 109.0 19.3 110.1 23.2 

*Peak SBP 123.0 17.5 148.8 22.1 169.3 18.1 

Minutes 3.7 2.6 3.5 2.2 3.1 2.7 

 

Subgroups shown are as follows: SB1 = SBP < 100 mmHg; SB2 = 100 < SBP < 130 
mmHg; and SB3 = SBP > 130 mmHg.  Statistical analysis involved one-way 
MANOVA of all the listed dependent variables against SB subgroup allocation as the 
independent variable. Bonferroni corrected alpha of 0.007 was used to determine 
significance within the MANOVA. *These parameters showed a significant difference 
across SB groups. 
 

9.2.2 Effect on Peak HR 

From SB1 to SB3 subgroups, males showed progressively lesser peak HR increases 

(Table 9.3: N = 336 and ∆HR = 13.2 bpm, and SD = 18.6 for SB1;  N = 170, ∆HR = 

5.8 bpm, and SD = 15.3 for SB3, respectively with p < 0.001). Females also showed 

progressively lesser peak HR increases ranging from SB1 to SB3 subgroups. (Table 

9.3: N = 38 and ∆HR = 10.6 bpm, and SD = 12.0 for SB1; N = 54, ∆HR = 4.9 bpm, 

and SD = 14.5 for SB3, respectively with p < 0.001). One-way MANOVA comparison 

of SB subgroups showed that SB subgroup allocation had an Effect size on peak HR 

outcomes of 0.020 in males (Table 9.3, p < 0.001). SB subgroup allocation was not 

shown to significantly influence Peak HR outcomes in females (Table 9.3, p > 0.05). 
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Table 9.3 - Outcomes in peak physiology in MI patients by SB subgroups 

  
            

 Parameter 
SB1 SB2 SB3 

 
Mean SD Mean SD Mean SD 

Males 

a ∆HR *13.2 18.6 *8.4 17.9 *5.8 15.3 
a ∆SBP *14.3 21.7 *8.6 24.0 1.8 20.9 

∆MIN *2.5 2.3 *2.2 2.3 *2.2 2.7 

Females 

∆HR *10.6 12.0 *7.9 16.8 *4.9 14.5 
a ∆SBP *14.2 15.2 *8.6 22.0 0.5 21.7 

∆MIN *1.8 2.1 *2.2 2.0 *1.9 1.8 

 

SB1, SB2, and SB3 = pre-program resting SBP classifications. Statistical analysis 
involved paired samples T-test outcomes and one-way MANOVA of all the listed 
dependent variables against SB subgroup allocation as the independent variable. 
Bonferroni corrected alpha of 0.007 was used to determine significance within the 
MANOVA. *These outcomes represented statistically significant changes (p < 0.05). 
aThese parameters showed a significant difference across SB groups. 
 

In males: (a) within the SB1 subgroup, the greatest Peak HR increases were shown 

for the MC2 group (Table 9.4, N = 147, ∆HR = 15.4 bpm , SD = 17.9, p < 0.01);  (b) 

within the SB2 subgroup, increases in peak HR were achieved by MC1 (Table 9.4, N 

= 88, ∆HR = 9.3 bpm, SD = 16.4, p < 0.001) to MC4 (Table 9.4, N = 84, ∆HR = 6.0 

bpm, SD = 13.9, p < 0.001) patients; (c) within the SB3 subgroup, significant 

changes in peak HR were achieved by MC3 patients (Table 9.4, N = 80, ∆HR = 7.0 

bpm, SD = 16.1, p < 0.05). Two-way MANOVA of Peak HR outcomes in males 

based on SB and MC subgroup allocations showed that SB subgroup allocation  

influenced Peak HR outcomes (Table 9.4, Effect size = 0.014, p < 0.05), but MC 

group allocation did not (p > 0.05). 
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Table 9.4 - Outcomes in peak physiology in MI males by SB and MC 
subgroups 

   
            

 
  

 
aHR aSBP bMIN 

  Cat N Mean SD Mean SD Mean SD 

SB1 

MC0 8 18.9 15.0 13.8 18.9 2.0 3.2 

MC1 59 *9.9 22.6 *10.0 24.8 *2.7 2.3 

MC2 147 *15.4 17.9 *15.1 19.5 *2.7 2.1 

MC3 86 *12.4 18.3 *15.4 23.5 *2.6 2.4 

MC4 36 *9.9 15.1 *15.7 21.4 *1.3 2.5 

SB2 

MC0 13 -1.1 29.2 11.9 20.5 *2.8 2.3 

MC1 88 *9.3 16.4 *9.9 18.4 *2.5 2.3 

MC2 290 *9.5 18.8 *8.5 26.5 *2.1 2.5 

MC3 245 *8.1 17.9 *8.4 23.4 *2.3 2.2 

MC4 84 *6.0 13.9 *7.8 23.2 *1.9 1.9 

SB3 

MC0 0 - - - - - - 

MC1 11 7.5 16.8 -2.3 21.3 *3.4 2.9 

MC2 39 3.9 12.7 -1.9 18.3 *1.8 2.2 

MC3 80 *7.0 16.1 3.4 21.6 *2.8 2.9 

MC4 40 4.9 15.7 3.5 22.0 *0.9 2.2 

 

SB1, SB2, and SB3 = pre-program resting SBP classifications. Statistical analysis 
involved paired samples T-test outcomes and one-way MANOVA of all the listed 
dependent variables against SB subgroup allocation as the independent variable. 
Bonferroni corrected alpha of 0.007 was used to determine significance within the 
MANOVA. *These outcomes represented statistically significant changes (p < 0.05). 
aThese parameters showed a significant difference across SB groups. bThese 
parameters showed a significant difference across MC groups. 
 

 
 
9.2.3 Effect on Peak SBP 

From SB1 to SB2 subgroups, males showed lesser peak SBP increases (Table 9.3: 

N = 336, ∆SBP = 14.3 mmHg, and SD = 21.7 for SB1; N = 720, ∆SBP = 8.6 mmHg, 

and SD = 24.0 for SB2, respectively with p < 0.001). Males classified SB3 did not 

show significant peak SBP changes (Table 9.3, p > 0.05). Females also showed 

lesser Peak HR increases ranging from SB1 to SB2 subgroups. (Table 9.3: N = 38, 

and ∆SBP = 14.2 mmHg, and SD = 15.2 for SB1; N = 104, ∆SBP = 8.6 mmHg, and 

SD = 22.0 for SB2, respectively with p < 0.001), with no significant changes in SB3 

females (Table 9.3, p > 0.05). One-way MANOVA comparison of SB subgroups 
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showed that SB subgroup allocation had an Effect size of 0.027 on Peak SBP 

outcomes in males, and an Effect size of 0.051 in females (Table 9.3, p < 0.001).  

 

In males: (a) within the SB1 subgroup, the greatest peak SBP increase was seen in 

the MC4 group (Table 9.4, N = 36, ∆HR = 15.7 mmHg , SD = 21.4, p < 0.05) with the 

lowest peak SBP outcome seen in MC1 patients (Table 9.4, N = 59, ∆SBP = 10.0 

mmHg, SD = 24.8, p < 0.01);  (b) within the SB2 subgroup, increases in peak SBP 

ranged from MC1 (Table 9.4, N = 88, ∆SBP = 9.9 mmHg, SD = 18.4, p < 0.001) to 

MC4 (Table 5, N = 84, ∆SBP = 7.8 mmHg, SD = 23.2, p < 0.001) patients; (c) within 

the SB3 subgroup, no changes in peak SBP were statistically significant (Table 9.4, 

p > 0.05). Two-way MANOVA of peak SBP outcomes in males based on SB and MC 

subgroup allocations showed that SB subgroup allocation  influenced peak SBP 

outcomes (Table 9.4, Effect size = 0.018, p < 0.001), but MC group allocation did not 

(p > 0.05). 

 

9.2.4 Effect on EST Minutes 

Males showed increases in EST minutes of between ∆Mins = 2.5 mins for SB1 

(Table 9.3, N = 336, SD = 2.3, p < 0.01) and ∆Mins = 2.2 mins for SB3 (Table 9.3, N 

= 170, SD = 2.7, p < 0.01). Females also showed increases in EST minutes ranging 

from ∆Mins = 2.2 mins in SB2 (Table 9.3: N = 104, SD = 2.0, p < 0.01) to ∆Mins = 

1.8 mins in SB1 (Table 9.3, N = 38, SD = 2.1, p < 0.01). Although one-way MANOVA 

analysis showed that SB allocation alone did not influence outcomes in EST minutes 

(Table 9.3, p > 0.05), two-way MANOVA with SB and MC allocations combined 

showed that MC allocation in this model has an Effect size = 0.024 on outcomes in 

EST minutes (Table 9.4, p < 0.001).  
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9.3 Discussion 

9.3.1 Overview 

To summarise the main findings: (a) SB group allocations affected outcomes in peak 

HR and peak SBP in males, but not in EST Minutes; (b) SB group allocations 

affected outcomes in peak SBP only in females; (c) after correcting for SB groups, 

MC subgroup allocations had no further influence on peak HR or peak SBP, but did 

significantly affect the variance in EST minute outcomes; (d) males and females 

showed progressively lower peak HR and peak SBP outcomes from SB1 to SB3 

groups, while outcomes in EST minutes were variable; (e) all outcomes represented 

increases from pre-program values. 

 

9.3.2 Important demographics 

Significant pre-program variations across SB groups were shown for age, rest SBP 

and DBP, peak SBP and EST minutes (in males only). All but the last of these 

increased consistently from SB1 to SB3, with EST minute outcomes decreasing from 

a maximal value in SB1 patients. Based on this pre-program data, MI patients 

admitted to the CR program and assessed at rest as hypertensive during pre-

program assessment were generally older, had higher resting blood pressure, 

showed a significantly higher peak BP and achieved the lowest durations during EST 

testing. These variations are similar to data in non-MI patients (see Chapter 5) and 

help to confirm the value of SB grouping to effectively correct for as much of this 

multi-parameter variation as possible when analysing physiological outcomes. 

 

Diagnosed hypertension varied as expected between SB groups in both genders. 

Additionally, BB use varied significantly in males only. However SB groups are 
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based on the measured blood pressure at the time of pre-program assessment 

rather than a prior diagnosis of hypertension. Thus the 36.0% of SB1 male and 

44.7% of SB1 female patients with previously diagnosed hypertension and assessed 

during pre-program testing to be hypotensive (i.e. systolic BP below 100 mmHg) are 

noteworthy here as was the case with non-MI patients. It is possible that CHF (with 

it’s characteristic compromise in LVEF potentially affecting SBP) has developed in 

some patients following their MI, which may potentially explain some of these data 

[167]. The effect of medications on physiological outcomes is examined further in 

Chapter 13, with findings there suggesting that when taken with BB medication, 

ACEI use may limit peak SBP outcomes in both males and females. When combined 

with the relatively high number of hypotensive SB1 patients taking ACEI medications 

(68.5% of males and 60.5% of females) and the high numbers with a prior diagnosis 

of hypertension, the data suggest that a review of BB and ACEI medications for 

patients entering CR may be necessary. This medication review may improve peak 

HR and SBP outcomes. 

 

9.3.3 Outcomes in peak physiology 

Based on SB group allocations, the present results show that peak HR (in males) 

and peak SBP (in males and females) varied predictably in MI patients as in non-MI 

individuals (see Chapter 5). In clinical significance terms, we can compare genders 

across SB groups to reveal that peak HR and peak SBP were consistently graded in 

both genders, with SB1 males and females achieving the greatest outcomes. 

 

While pre-program peak SBP varied between SB groups in males and females, peak 

HR did not vary significantly in either gender based on the one-way MANOVA results 
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in Table 9.3. Furthermore, although pre-program EST durations varied between SB 

groups in males, the variation in females was not statistically significant. These pre-

program demographics make the relatively little variation in EST Minute outcomes in 

males and females noteworthy. Peak SBP and DBP, and changes in these from rest, 

are all higher in men during maximal treadmill EST [172] and increase with 

advancing age. Differences in EST parameters including HR and HRR1 between 

genders have been shown, and may partially explain differences in exercise 

capacities [173]. Another important factor to consider is the effect of overweight and 

obesity on these outcomes, with evidence [174] showing that exercising on the 

treadmill while carrying loads (15 and 20 kg) may produce fatigue quicker in women, 

and increase the risk of adverse cardiovascular events more significantly in females. 

The HR-corrected QT interval (QTc) is longer in females, but QT dispersion (QTd) is 

higher in males, based on EST in hypertensive patients [175]. Autonomic regulation 

has also been shown to differ significantly between genders [176], with a dominance 

of sympathetic vascular regulation in men and parasympathetic regulation of HR in 

women. These as well as many other potential factors may result in the gender-

based differences in the present outcomes. 

 

While MC subgroup allocations had a statistically significant effect on rest SBP 

outcomes in non-MI patients when combined with SB group allocation, the present 

findings show that there was no significant difference in peak SBP or peak HR based 

on these same allocations. However MANOVA analysis does not reveal the apparent 

and clinically significant peaking trends in peak HR (maximal values shown for MC2 

patients in both the SB1 and SB2 groups) and EST minute outcomes in SB1 and 
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SB2 Males based on MC subgroups. Such trends suggest that the combined SB and 

MC classifications may clarify outcome interpretation in clinical CR settings. 

 

9.3.4 Implications for clinical practice 

Exercise can improve flow-mediated dilation (FMD) in CAD patients [177], and 

combined hypertension and DM somewhat limit changes in FMD, but not necessarily 

fitness, body composition or glycaemic control [153]. Further complicating  the 

interpretation of peak SBP outcomes are results in healthy individuals suggesting 

that a negative relationship may exist between exercise intensity and FMD [178]. 

Normotensive males with Met-S have also been shown to demonstrate exercise-

induced hypertension (EIH), with the best predictors of EIH occurrence being resting 

SBP and abdominal obesity [179]. Stratification of peak SBP outcomes within SB1 

and SB2 (albeit reversed in the latter) subgroups in the current findings may be a 

reflection of the effects of Met-S on LV morphology independent of age and gender 

[180], with LV systolic dysfunction further compounded in hypertensive patients 

[181]. Met-S may also complicate many homeostatic mechanisms as we have 

discussed previously, including autonomic function and in particular sympathetic 

mechanisms [182] potentially affecting CVS function. The present MC classification 

system requires clarification of the differing effects of various combinations of 

comorbidities, which is a limitation of the current study. Analysis of larger sample 

sizes in similar manner would provide greater statistical power for more in-depth 

analysis. 

 

With the exception of a slight difference in peak HR, normotensive SB2 males and 

females showed very similar outcomes in peak physiology. Males showed relatively 
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consistent post-program increases in EST durations across SB groups. The current 

findings suggest we can confidently expect lesser outcomes in peal HR and SBP in 

patients with higher pre-program resting SBP. Thus despite apparent gender-based 

differences in physiology, sustaining an MI appears to equalise physiological 

outcomes between normotensive males and females. 

 

It is also important to note that the stratification of peak SBP outcomes based on MC 

groups seen here in MI patients is the reverse order of that seen in non-MI patients 

(see Chapter 5). That is, non-MI SB1 patients showed lower peak SBP outcomes 

post-program as one moves from MC0 to MC4, while the opposite is true in SB1 

patients with MI. In SB2 patients, those with no history of MI showed higher 

outcomes moving from MC0 to MC4, while this is again reversed in MI patients. To 

the best knowledge of the present author, this study is the first to demonstrate these 

contrasting outcomes based on a combination of MI history and MC classification. 

The altered trend in outcomes following an MI event may potentially be due to the 

central limitations imposed by the ischemic damage to the heart’s myocardium as a 

result of the MI, thereby shifting the focus of adaptations more towards the periphery. 

Thus in hypotensive SB1 patients, an MI event (centrally) and increased MetS 

comorbidity (systemically) pre-program may be expected to more significantly limit 

functional capacity pre-program, which leads to greater outcomes in these patients 

post-program as the CR training reduces these limitations. While the peak SBP 

outcomes in MI patients appear generally lower than those in non-MI patients (likely 

due to the central limits imposed by ischemic myocardial damage), the reversal of 

the MC-based trends may represent the extent to which comorbidities may have 

been exerting an impact on patients who eventually experienced an MI event. That 
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is, these outcome differences could perhaps be related to the susceptibility of 

individuals to physiological abnormalities preceding an MI event, with a difference in 

this susceptibility between the non-MI (lower) and MI (higher) patients. 

 

Comparing outcomes across genders is not straightforward, as various differences 

discussed previously and in later sections complicate any direct comparisons. In 

addition to factors already mentioned, gender differences in postural autonomic 

function with reduced BRS in both genders with age [183] have been demonstrated. 

The cardiac output and VO2max relationship is similar in both genders at lower 

exertion levels, but the actual slope of the linear regression is different with men 

showing overall higher VO2max increases at higher levels of exertion [184] for the 

same increase in cardiac output. Female gender though has been shown to be a 

predictor of better LV function in hypertensive patients with LV hypertrophy [185]. 

There is evidence to suggest that Met-S may compromise FEV1 and FVC, but not 

FEV1/FVC ratio [57], leading to the development of restrictive lung disease in 

susceptible individuals. One potential mechanism for this association is 

inflammation, directly impacting the gas exchange across the alveolar epithelia and 

pulmonary capillary wall. Whilst such evidence reveals the potential effects of Met-S 

on systems directly related to aerobic functional capacity, further evidence suggests 

that common complications presenting to CR may compound the negative effects of 

Met-S and CVD. Thus all of these additional factors may be contributing to some of 

the observed differential outcomes between genders. 
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Patients were able to tolerate elevated peak HR and SBP, and increased EST time, 

following the investigated IT intervention. However one may instead aim to increase 

the workload while reducing the cardiovascular burden during exertion. This would 

signal better physiological efficiency and may be more desirable in a rehabilitation 

context. This rationale seeking improved increased physiological efficiencies at rest 

and during exertion is applied within the NICER intervention (see Chapter 15).  

 

9.4 Conclusion  
 
The present study demonstrates some of the effects of an MI event on clinical CR 

outcomes when corrections are made for pre-program resting SBP and MC group 

allocation. A reversal of some trends was noted in peak HR and peak SBP (based 

on the combined SB and MC allocations) in MI patients compared with non-MI 

individuals. These novel trends help inform outcome interpretation in MI patients. 
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Chapter 10 
Retrospective: Outcomes in MI patients by Age 

 

 

 

10.1 Introduction to the Chapter  

 

The effect of age on resting and peak physiological outcomes in CR has been 

investigated in various ways within the literature. The most appropriate methods of 

improving clinical outcomes in patients of various ages are yet to be determined. CR 

programs are often evaluated on their capacity to improve functional capacity in 

older patients. Improvements in cardiac function and regulatory mechanisms 

governing peak responses to exercise can significantly reduce the risk of serious 

cardiovascular events in MI patients already at an increased risk, and may 

compensate for age-related declines in key physiology. The chapter begins with a 

review of the overall sample demographics (N = 1429) of all MI patients who 

completed the program based on Age groups. This is then followed by an 

investigation of the resting and peak physiologic outcomes in these MI patients 

based on age groups.  
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10.2 Results 

 

10.2.1 Key demographics 

Hypertension varied significantly across age subgroups in both genders, while family 

history of MI only varied significantly between age subgroups in male patients, and 

hypercholesterolemia and ACEI use varied across female age subgroups (Table 

10.1, p < 0.05). Multinomial logistic regression using all of the independent predictor 

variables shown in Table 10.1, with Age subgroup allocation as the dependent 

variable, and the data split based on gender subgroups, showed that the full model 

containing all predictors was statistically significant in males (Table 10.1, 2 = 

156.514, p<0.001) and females (Table 10.1, 2 = 103.066, p<0.001),  with the model 

explaining 12.0% to 12.6% of the variation in age subgroup allocation in males and 

40.0% to 42.2%  in female patients (Cox & Snell R2 and Nagelkerke R2). Only the 

prevalence of hypertension diagnosis and family history contributed significantly to 

age subgroup allocation in males, while hypercholesterolemia and ACEI use 

contributed to age subgroup allocation in females (Table 10.1, p < 0.001) based on a 

Bonferroni adjusted alpha of 0.008.  

 

 

  



165 
 

Table 10.1 - Categorical demographics in MI patients by age subgroups 

        

        
  Parameter AGE 1 AGE 2 AGE 3 AGE 4 AGE 5 AGE 6 

Males 

Total (N) 17 120 309 438 264 79 

Hyperchol. - n(%) 14 (82.4) 113 (94.2) 286 (92.6) 405 (92.5) 241 (91.3) 74 (93.7) 

*
#
Hypertension - n(%) 4 (23.5) 49 (40.8) 136 (44.0) 232 (53.0) 147 (55.7) 55 (69.6) 

Diabetes - n(%) 3 (17.6) 13 (10.8) 79 (25.6) 101 (23.1) 61 (23.1) 15 (19.0) 

*
#
Family History - n(%) 12 (70.6) 63 (52.5) 143 (46.3) 169 (38.6) 75 (28.4) 14 (17.7) 

Sedentary - n(%) 8 (47.1) 54 (45.0) 151 (48.9) 172 (39.3) 107 (40.5) 38 (48.1) 

Beta Blocker - n(%) 12 (70.6) 96 (80.0) 226 (73.1) 325 (74.2) 176 (66.7) 50 (63.3) 

ACE Inhibitor - n(%) 14 (82.4) 76 (63.3) 188 (60.8) 279 (63.7) 178 (67.4) 50 (63.3) 

Females 

Total (N) 3 8 30 73 60 28 

*
#
Hyperchol. - n(%) 2 (66.7) 7 (87.5) 24 (80.0) 71 (97.3) 58 (96.7) 23 (82.1) 

*Hypertension - n(%) 2 (66.7) 3 (37.5) 13 (43.3) 51 (69.9) 44 (73.3) 20 (71.4) 

Diabetes - n(%) 0 4 (50.0) 4 (13.3) 24 (32.9) 14 (23.3) 9 (32.1) 

Family History - n(%) 2 (66.7) 4 (50.0) 20 (66.7) 34 (46.6) 27 (45.0) 8 (28.6) 

Sedentary - n(%) 1 (33.3) 6 (75.0) 17 (56.7) 37 (50.7) 31 (51.7) 16 (57.1) 

Beta Blocker - n(%) 2 (66.7) 4 (50.0) 20 (66.7) 54 (74.0) 36 (60.0) 25 (89.3) 

*
#
ACE Inhibitor - n(%) 0 1 (12.5) 21 (70.0) 47 (64.4) 41 (68.3) 16 (57.1) 

 

Age subgroups are as follows: Age-1 = < 35 yrs; Age-2 = 35-45 yrs; Age-3 = 45-55 yrs; Age-4 = 55-65 yrs; Age-5 = 65-75 yrs; Age-

6 = > 75 yrs. Statistical analysis involved Pearson’s chi-square test for intergroup variation for each independent variable, followed 

by multinomial logistic regression analysis of all independent variables combined against age subgroup allocation as the dependent 

variable. *These parameters showed significant (p < 0.05) differences based on Pearson’s chi analysis of gender-based age 

subgroups. #These parameters showed a significant contribution to Age subgroup allocation using a corrected Bonferroni alpha of 

0.007.  
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Table 10.2 - Continuous demographics in MI patients by age subgroups 

              

 
  AGE 1 AGE 2 AGE 3 AGE 4 AGE 5 AGE 6 

  Parameter Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Males 

Rest HR 75.5 12.5 70.1 13.8 72.8 13.2 70.6 13.8 69.4 13.3 70.6 13.7 

*Rest SBP 103.9 9.6 108.9 13.9 110.0 16.2 114.2 16.6 120.3 17.8 123.7 16.6 

*Rest DBP 73.4 9.8 72.1 10.2 71.4 10.2 70.0 9.6 69.4 9.2 67.6 11.0 

*Peak HR 132.5 20.2 128.0 18.6 122.6 19.9 116.1 18.2 110.6 18.4 101.0 18.2 

Peak SBP 140.8 27.0 150.8 26.5 148.3 26.5 149.3 29.8 152.5 26.8 147.6 23.1 

*Minutes 8.0 2.7 7.3 2.5 6.6 2.6 5.8 2.7 5.0 2.8 3.2 3.0 

*BMI 29.4 3.4 29.4 5.0 28.4 4.9 28.1 4.2 28.0 3.9 25.9 4.3 

Females 

Rest HR 78.7 17.8 85.9 10.7 69.9 13.0 73.2 13.5 71.0 11.6 71.2 11.2 

*Rest SBP 104.7 13.6 104.4 12.1 119.3 18.7 118.8 19.3 124.1 16.4 127.5 17.6 

Rest DBP 76.7 5.8 68.1 8.8 71.7 9.3 70.2 10.5 68.8 10.3 64.9 8.5 

*Peak HR 127.0 12.8 117.3 14.6 115.8 17.7 111.3 22.0 103.4 25.6 91.6 26.3 

Peak SBP 146.3 11.0 127.5 14.9 145.2 37.1 148.2 28.5 148.4 36.0 134.1 51.9 

*Minutes 5.7 2.5 4.9 2.2 4.0 2.8 3.7 2.2 3.1 2.4 1.4 2.0 

BMI 31.8 2.0 26.1 5.3 29.9 6.4 29.2 5.5 27.1 6.6 26.0 8.9 

 

Age subgroups are as follows: Age-1 = < 35 yrs; Age-2 = 35-45 yrs; Age-3 = 45-55 yrs; Age-4 = 55-65 yrs; Age-5 = 65-75 yrs; Age-
6 = > 75 yrs. Statistical analysis involved one-way MANOVA of all the listed dependent variables against age subgroup allocation 
as the independent variable. Bonferroni corrected alpha of 0.01 was used to determine significance within the MANOVA. *These 
parameters showed a significant difference across Age groups. 
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Table 10.2 summarises the continuous demographic variables (BMI, resting HR, 

SBP and DBP, peak HR and SBP, and EST minutes during pre-program 

assessment) for the data sample in the present study based on gender and age 

subgroups. One-way MANOVA analysis, using age subgroup allocations as the 

categorical independent variable and the continuous demographic parameters above 

as the dependent variables (based on a Bonferroni adjusted alpha value of 0.01), 

showed that BMI, rest, SBP, rest DBP, peak HR and EST minute variables showed 

significant variance across age subgroups in males, while rest, SBP, peak HR, and 

EST minutes varied across age subgroups in females.  

 

10.2.2 Effect on resting HR 

Significant HR reductions were observed in Age-4 males (Table 10.3, n = 438, ∆HR 

= -1.4 bpm, SD = 11.2, p < 0.05). One-way MANOVA comparison of Age subgroup 

allocations for resting HR outcomes showed no statistically significant differences in 

either gender (Table 10.3, p > 0.05). 

 

10.2.3 Effect on resting SBP 

Only males classified as Age-3 (Table 10.3, n = 309, ∆SBP = -2.8 mmHg, SD = 13.9, 

and p < 0.05) and Age-4 (Table 10.3, n = 438, ∆SBP = -2.3 mmHg, SD = 15.2, and p 

< 0.05) showed a resting SBP decrease. One-way MANOVA analysis showed no 

significant effects of age subgroup allocation on resting SBP outcomes in either 

gender (Table 10.3, p > 0.05).  
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10.2.4 Effect on resting DBP 

No statistically significant outcomes were achieved based on age subgroup 

allocations in either gender (Table 10.3, p > 0.05). One-way MANOVA confirmed no 

influence of age subgroup allocations on resting DBP outcomes in either gender 

(Table 10.3, p > 0.05). 

 

10.2.5 Effect on Peak HR 

Males showed peak HR increases ranging from ∆HR = 16.8 bpm for Age-2 (Table 

10.3, n = 120, SD = 20.7, p < 0.001) to ∆HR = 6.7 bpm for Age-5 (Table 10.3, n = 

264, SD = 15.2, p < 0.001). Females showed peak HR increases ranging from ∆HR 

= 14.7 bpm for Age-3 (Table 10.3, n = 30, SD = 13.4, p < 0.01) to ∆HR = 6.0 bpm for 

Age-5 (Table 10.3, n = 60, SD = 14.6, p < 0.01). One-way MANOVA showed that 

Age subgroup allocation had an effect on Peak HR outcomes in males (Table 4, 

Effect size = 0.035, p < 0.001) but not females (Table 10.3, p = 0.03) based on a 

Bonferroni adjusted alpha of 0.008.  

 

10.2.6 Effect on Peak SBP 

Males showed peak SBP increases ranging from ∆SBP = 12.3 mmHg (Table 10.3, n 

= 309, SD = 22.7, p < 001) in Age-3 patients, to ∆SBP = 6.9 mmHg (Table 10.3, n = 

264SD = 20.5, p < 001) for Age-5 patients. Females showed peak SBP increases 

ranging from ∆SBP = 12.8 mmHg (Table 10.3, n = 30, SD = 23.3, p < 0.01) in Age-3 

patients, to ∆SBP = 6.0 mmHg (Table 10.3, n = 60, SD = 21.9, p < 0.001) for Age-5 

patients. One-way MANOVA showed that age subgroup allocation had an effect on 

peak SBP outcomes in males (Table 10.3, Effect size = 0.015, p = 0.002) but not 

females (Table 10.3, p > 0.05) based on a Bonferroni adjusted alpha of 0.008. 
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10.2.7 Effect on EST Minutes 

Males showed increases in EST minutes of between ∆Mins = 2.9 mins for Age-2 

(Table 10.3, n = 120, SD = 2.1, p < 0.001) and ∆Mins = 1.0 mins for Age-6 patients 

(Table 10.3, n = 79, SD = 2.3, p < 0.001). Females showed increases in EST 

minutes ranging from ∆Mins = 2.9 mins in Age-3 (Table 10.3, n = 30, SD = 2.1, p < 

0.01) to ∆Mins = 1.0 mins in Age-6 (Table 10.3, n = 28, SD = 1.3, p < 0.01). One-way 

MANOVA showed that Age subgroup allocation had an effect on EST Minute 

outcomes in males (Table 10.3, Effect size = 0.033, p < 0.001) but not females 

(Table 10.3, p = 0.013) based on a Bonferroni adjusted alpha of 0.008. 
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Table 10.3 - Outcomes in resting and peak physiology in MI patients by age subgroups 

  
                

    

 Parameter 
AGE 1 AGE 2 AGE 3 AGE 4 AGE 5 AGE 6 

  Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Males 

Rest ∆HR 1.2 12.1 -1.1 11.3 -0.7 10.5 *-1.4 11.2 -0.9 10.8 -1.5 11.8 

Rest ∆SBP 3.6 9.0 1.3 14.8 *2.8 13.9 *2.3 15.2 0.9 16.4 2.0 16.6 

Rest ∆DBP 2.1 10.8 0.4 10.4 0.4 10.1 1.1 9.8 0.7 9.7 -0.1 10.4 
#Peak ∆HR 2.4 41.9 *16.8 20.7 *10.8 17.9 *9.3 17.3 *6.7 15.2 2.4 13.2 

#Peak ∆SBP -0.5 42.0 *9.7 29.4 *12.3 22.7 *10.1 22.5 *6.9 20.5 2.2 21.2 
#∆EST Min 1.7 3.6 *2.9 2.1 *2.6 2.2 *2.3 2.4 *2.0 2.4 *1.0 2.3 

Females 

Rest ∆HR 7.7 3.5 -6.0 7.5 1.3 7.9 -2.6 11.5 -2.0 10.2 -1.8 11.3 

Rest ∆SBP 5.3 20.0 -4.0 8.2 -0.9 16.4 2.4 16.8 -3.4 16.2 -5.9 16.6 

Rest ∆DBP -2.0 17.1 -3.8 11.3 0.8 10.1 2.2 9.5 -0.3 10.3 -0.8 7.5 

Peak ∆HR 16.7 17.9 *11.6 7.7 *14.7 12.5 *6.3 17.5 *6.0 14.6 2.6 12.0 

Peak ∆SBP 8.7 11.0 4.4 11.5 *12.8 23.3 *8.3 20.4 *6.0 21.9 1.8 20.1 

∆EST Min 2.3 2.1 *1.8 1.7 *2.9 2.1 *2.1 2.0 *1.8 2.0 *1.0 1.3 

 

Age subgroups are as follows: Age-1 = < 35 yrs; Age-2 = 35-45 yrs; Age-3 = 45-55 yrs; Age-4 = 55-65 yrs; Age-5 = 65-75 yrs; Age-
6 = > 75 yrs. Statistical analysis involved paired samples T-test of outcomes and one-way MANOVA of all the listed dependent 
variables against age subgroup allocation as the independent variable. Bonferroni corrected alpha of 0.008 was used to determine 
significance within the MANOVA.*These outcomes were statistically significant (p < 0.05) based on paired T-test analysis. #These 
parameters showed a significant difference across Age groups. 
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10.3 Discussion 

10.3.1 Overview 

Overall the results of the present study demonstrate similar trends to those seen in 

non-MI patients (refer to Chapter 6). A higher pulse pressure and lower peak HR 

with advancing age were demonstrated at baseline in both genders. Resting 

physiology changes were not shown to be significantly affected by age group 

allocation. Peak physiologic outcomes in male MI patients were shown to vary 

across age subgroups, 

 

10.3.2 Important demographics 

Significant pre-program variations across age groups were shown in males only for 

BMI, rest DBP and peak HR, while rest SBP and EST Minutes varied in both 

genders. BMI appeared to decrease from a maximal value in Age-1 males. This 

finding represents an age-related decline in body-mass within the present CR 

population. Rest SBP increased consistently from Age-1 to Age-6, while rest DBP 

decreased consistently, revealing a growing differential between SBP and DBP with 

age. Pre-program peak SBP was maximal in Age-5 males and females, with EST 

minute outcomes decreasing from a maximum in Age-1 males and females. Based 

on this data, older patients with MI had higher pre-program resting blood pressure, 

showed a significantly higher pre-program peak SBP up to age 75 in both genders, 

and achieved the lowest durations during pre-program testing. Hypercholesterolemia 

and diagnosed hypertension varied in both genders, while family history in males 

and ACEI use in females varied between age groups. These variations help to 

confirm the value of Age grouping to effectively correct for as much of this multi-

parameter variation as possible when analysing physiological outcomes. 
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10.3.3 Outcomes in resting physiology 

Resting HR, SBP and DBP outcomes post-program were not shown to vary 

statistically in either gender based on age groups despite the indicated variations in 

pre-program resting physiology. This would suggest that age does not play a major 

role in determining outcomes in resting physiology with the current IT protocol. While 

earlier evidence in healthy individuals demonstrated that peak SBP and DBP during 

EST testing increase with age [172], we also now know that the major physiological 

indices such as HR, BP and BMI change significantly with age [161]. It has been 

suggested that IT may compensate for age-related declines or changes in systolic 

and diastolic heart function [157]. Some authors have argued that based on such 

changes with age, attempting to maintain physiological parameters in older patients 

within ranges usually seen in younger individuals may not be therapeutic [161]. 

 

10.3.4 Outcomes in peak physiology 

Statistical analysis suggests differences between EST minute outcomes based on 

age groups in males but not females, although clinical significance may be derived 

by the progressively lower (albeit slightly) outcomes with higher age groups in both 

genders. These findings suggest that older MI patients generally achieve lesser 

changes in EST durations post-program with the current IT protocol. Together with 

results discussed earlier, the overall findings are generally in-line with evidence 

showing that IT may compensate for age-related decline in systolic and diastolic 

heart function [157], and may produce improvements in left ventricular structure and 

function, and ejection fraction [156], as well as improved myocardial perfusion and 

reduced resting HR [158]. However further research, investigating the effects of the 

intervention on these parameters, is required to confirm this. 
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While average pre-program resting SBP appeared to rise consistently with age in 

both males and females, the maximum average resting DBP was noted in Age-1 

males and females. These trends differ from non-MI patients where peaks in DBP 

were noted in Age-3 males and Age-2 females. Sustaining an MI therefore appears 

to significantly impact on age-related trends in peak blood pressures. Clinical 

responses to IT interventions may include physiological adaptations early with 

structural adaptations occurring in the longer term [15]. Hypertensive patients have 

been shown to achieve reductions in resting blood pressure following IT [88, 159, 

160], and hypertensive females may generally have better LV function than males in 

patients with hypertrophy [185]. The consistently higher peak SBP outcomes across 

the same age group seen in males compared with females suggests a gender-based 

differential in adaptations to IT, which may potentially be due to a difference in LV 

function as some evidence suggests [185]. Functional capacity improvements with IT 

may include increases in peak O2 uptake [165] and VO2 max [166]. The SMARTEX-

HF study [167] currently under way should provide more results on how IT can 

deliver benefits in myocardial function in patients with compromised cardiac function. 

Peak HR increases across all age subgroups in both genders appear to be generally 

lower with higher age groups, although these differences were not shown by one-

way MANOVA to be statistically significant in females. This may be due to the lower 

sample sizes in female subgroups limiting the statistical power of analysis, which is a 

limitation of the present study.  
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10.3.5 Implications for clinical practice 

The findings in relation to both peak HR and peak SBP again appear to be quite 

positive diagnostically since patients are able to tolerate elevated peak HR and SBP, 

and increased EST time. We must ask though whether it is desirable to sustain 

elevated peak physiology for relatively small increases in exertion time and intensity. 

To develop better physiological efficiency during exertion, which may be argued to 

be more desirable in a rehabilitation context, the goal should be to increase the 

overall work output while maintaining similar physiological loads. Other important 

factors potentially contributing to the increased peak physiology observed in the 

present data post-program may include breathing dynamics such as tidal volume 

and respiratory rate [188] which have been shown to impair functional capacity in CR 

patients.  

 

 
10.4 Conclusion  

Similar age-based trends were seen in MI patients of both genders as were 

previously reported in non-MI individuals. Age appears to have some impact on peak 

but not resting physiology in patients with a history of MI. 
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Chapter 11 
Retrospective: Outcomes in MI patients by BMI  

 

 

 

11.1 Introduction to the Chapter  

 

The effect of body mass index (BMI) on resting and peak physiological outcomes in 

MI patients has not been investigated thoroughly, nor the effect of varying weight 

status (i.e. normal range, overweight, or obese) on outcomes. Improvements in body 

composition are usually among the key goals of CR interventions in addition to 

functional capacity gains. Cardiac function and regulatory mechanisms governing 

resting physiology and peak responses to exercise have been shown to be affected 

by an individual’s body composition. The chapter begins with a review of the overall 

sample demographics (N = 1419) of all MI patients who completed the program 

based on BMI groups. This is then followed by an investigation of the resting and 

peak physiologic outcomes in these MI patients based on BMI groups alone. Finally, 

the BMI groups are further subdivided based on SB Bands as in Chapters 4-5, with 

outcomes data re-analysed to provide evidence for the impact of these combined 

classifications on the target resting and peak parameters.  
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11.2 Results 

 

11.2.1 Key Demographics 

All categorical demographic variables with the exception of family history varied 

significantly in males (Table 11.1, p < 0.05), while only sedentary behaviour varied 

significantly between BMI subgroups in female patients (Table 11.1, p < 0.05). 

Multinomial logistic regression using all of the independent predictor variables shown 

in Table 11.1, with BMI subgroup allocation as the dependent variable, and the data 

split based on gender subgroups, showed that the full model containing all predictors 

was statistically significant in males (Table 11.1, 2 = 100.201, p<0.001) but not 

females (Table 11.1, p > 0.05),  with the model explaining 7.8% to 9.0% of the 

variation in BMI subgroup allocation in males (Cox & Snell R2 and Nagelkerke R2). 

Hypercholesterolemia, hypertension and diabetes diagnoses and sedentary 

behaviour contributed significantly to BMI subgroup allocation in males (Table 11.1) 

based on a Bonferroni adjusted alpha of 0.008. 
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Table 11.1 - Categorical demographics in MI patients by BMI 
subgroups 

     

     
  Parameter BMI 1 BMII 2 BMI 3 

Males 

Total (N) 269 595 363 

*
#
Hyperchol. - n(%) 233 (86.6) 559 (93.9) 341 (93.9) 

*
#
Hypertension - n(%) 109 (40.5) 293 (49.2) 221 (60.9) 

*
#
Diabetes - n(%) 45 (16.7) 119 (20.0) 108 (29.8) 

Family History - n(%) 107 (39.8) 214 (36.0) 155 (42.7) 

*
#
Sedentary - n(%) 102 (37.9) 238 (40.0) 190 (52.3) 

*Beta Blocker - n(%) 174 (64.7) 431 (72.4) 280 (77.1) 

*ACE Inhibitor - n(%) 157 (58.4) 374 (62.9) 254 (70.0) 

Females 

Total (N) 54 77 71 

Hyperchol. - n(%) 48 (88.9) 72 (93.5) 65 (91.5) 

Hypertension - n(%) 30 (55.6) 51 (66.2) 52 (73.2) 

Diabetes - n(%) 16 (29.6) 21 (27.3) 18 (25.4) 

Family History - n(%) 19 (35.2) 40 (51.9) 36 (50.7) 

*Sedentary - n(%) 31 (57.4) 30 (39.0) 47 (66.2) 

Beta Blocker - n(%) 37 (68.5) 53 (68.8) 51 (71.8) 

ACE Inhibitor - n(%) 33 (61.1) 51 (66.2) 42 (59.2) 

 

Subgroups shown are as follows: BMI-1 represents < 25 kg.m-2; BMI-2 represents 

25-30 kg.m-2; BMI-3 represents > 30 kg.m-2. Statistical analysis involved multinomial 

logistic regression. Bonferroni corrected alpha of 0.008 was used to determine 

significance within the MANOVA.*These parameters showed a significant difference 

across BMI groups. #These parameters showed a significant contribution to BMI 

groups. 

 

Table 11.2 summarises the continuous demographic variables (age, resting HR, 

SBP and DBP, peak HR and SBP, and EST minutes during pre-program 

assessment) for the data sample in the present study based on gender and BMI 

subgroups. One-way MANOVA analysis, using BMI subgroup allocations as the 

categorical independent variable and the continuous demographic parameters above 

as the dependent variables (based on a Bonferroni adjusted alpha value of 0.01), 

showed that age, rest DBP, peak SBP and BMI pre-program variables showed 
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significant variance across BMI subgroups in males, while only BMI varied 

significantly across BMI subgroups in females (Table 11.2). 

 

 

Table 11.2 - Continuous demographics in MI patients by BMI subgroups 

  
            

 
  BMI 1 BMI 2 BMI 3 

  Parameter Mean SD Mean SD Mean SD 

Males 

*Age 60.9 10.8 59.3 10.9 57.3 10.5 

Rest HR 71.4 14.1 70.3 13.5 71.7 13.2 

Rest SBP 112.6 17.2 114.2 17.1 116.0 16.9 

*Rest DBP 68.2 9.2 70.1 9.8 72.3 10.2 

Peak HR 117.3 20.9 116.8 19.9 117.0 19.4 

*Peak SBP 144.7 25.8 149.1 28.0 154.3 27.5 

Minutes 5.9 3.0 5.9 2.9 5.7 2.7 

*BMI 22.9 2.5 27.4 1.5 33.3 3.2 

Females 

Age 64.1 11.7 64.7 10.3 62.2 11.1 

Rest HR 72.9 13.6 71.7 12.8 72.7 12.2 

Rest SBP 116.5 20.1 120.6 15.9 124.5 19.0 

Rest DBP 68.5 11.5 68.7 9.7 70.5 9.2 

Peak HR 102.6 29.2 108.3 24.0 110.0 19.1 

Peak SBP 133.9 41.2 147.9 34.0 150.3 31.6 

Minutes 3.5 2.9 3.6 2.5 2.8 2.1 

*BMI 20.9 6.2 27.5 1.6 34.3 3.5 

 

Subgroups shown are as follows: BMI-1 represents < 25 kg.m-2; BMI-2 represents 
25-30 kg.m-2; BMI-3 represents > 30 kg.m-2. Statistical analysis involved one-way 
MANOVA of all the listed dependent variables against BMI subgroup allocation as 
the independent variable. Bonferroni corrected alpha of 0.008 was used to determine 
significance within the MANOVA.*These parameters showed a significant difference 
across BMI groups. 
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11.2.2 Effect on resting HR 

Resting HR reductions were observed in BMI-2 (Table 11.3, n = 595, ∆HR = -1.3 

bpm, SD = 10.7, p < 0.05) and BMI-3 (Table 11.3, n = 363, ∆HR = -0.9 bpm, SD = 

10.5, p < 0.05) males, and BMI-1 females (Table 11.3, n = 54, ∆HR = -3.0 bpm, SD = 

10.5, p < 0.05). One-way MANOVA comparison of BMI subgroup allocations for 

resting HR outcomes showed no statistically significant differences in either gender 

(Table 11.3, p > 0.05).  

 

Table 11.3 - Outcomes in resting and peak physiology in MI patients by 
BMI subgroups 

  
            

 Parameter 
BMI 1 BMI 2 BMI 3 

  Mean SD Mean SD Mean SD 

Males 

Rest ∆HR -0.7 12.2 *-1.3 10.7 *-0.9 10.5 

Rest ∆SBP 1.5 16.9 *2.4 14.8 1.7 14.2 

Rest ∆DBP 0.9 9.8 0.8 9.9 0.4 10.1 

Peak ∆HR *10.0 19.2 *9.8 17.7 *8.1 17.4 

Peak ∆SBP *10.0 20.2 *9.4 23.2 *8.4 25.5 

∆EST Min *2.5 2.5 *2.3 2.4 *2.1 2.3 

Females 

Rest ∆HR *-3.0 10.5 -1.9 10.7 -0.5 10.2 

Rest ∆SBP -0.2 19.4 -2.1 14.1 -1.0 16.6 

Rest ∆DBP 0.1 10.7 0.5 9.4 0.9 9.6 

Peak ∆HR *8.5 17.3 *6.3 14.8 *7.5 14.2 

Peak ∆SBP *9.5 19.2 *4.4 18.4 *8.6 24.4 

∆EST Min *1.9 2.3 *2.0 1.9 *1.9 1.8 

 

Subgroups shown are as follows: BMI-1 represents < 25 kg.m-2; BMI-2 represents 

25-30 kg.m-2; BMI-3 represents > 30 kg.m-2. Statistical analysis involved paired 

samples T-test of outcomes and one-way MANOVA of all the listed dependent 

variables against BMI subgroup allocation as the independent variable. Bonferroni 

corrected alpha of 0.008 was used to determine significance within the 

MANOVA.*These outcomes were statistically significant (p < 0.05) based on paired 

T-test analysis. No parameters showed a significant difference across BMI groups. 
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Table 11.4 - Outcomes in resting and peak physiology in MI males by BMI 
and SB subgroups 

  
            

 Parameter 
SB 1 SB 2 SB 3 

  Mean SD Mean SD Mean SD 

BMI 1 

Rest ∆HR -1.5 14.2 -0.6 11.5 0.6 8.9 

a 
Rest ∆SBP 6.1 14.8 2.3 16.3 *-15.9 15.2 

a 
Rest ∆DBP 2.9 9.3 0.7 10.2 *-3.3 8.1 

a 
Peak ∆HR *13.9 20.5 *8.8 19.0 4.9 14.1 

a 
Peak ∆SBP *14.7 21.6 *10.2 17.6 -5.2 20.8 

∆EST Min *2.6 2.3 *2.5 2.5 *1.9 2.6 

BMI 2 

Rest ∆HR -0.4 10.8 *-1.5 10.7 *-2.2 10.6 

Rest ∆SBP *9.6 13.1 *2.0 13.6 *-9.2 14.6 

Rest ∆DBP *4.0 10.0 0.7 9.3 *-4.6 9.9 

Peak ∆HR *13.6 19.1 *9.1 17.2 *5.2 16.1 

Peak ∆SBP *14.1 23.2 *9.4 23.7 0.9 19.1 

∆EST Min *2.6 2.3 *2.2 2.3 *2.4 2.7 

BMI 3 

Rest ∆HR -0.5 10.5 *-1.2 10.9 0.2 8.1 

Rest ∆SBP *8.4 11.7 1.6 12.4 *-9.0 18.6 

Rest ∆DBP *4.0 10.8 -0.3 9.5 -2.8 10.2 

Peak ∆HR *11.3 15.7 *7.1 18.4 *7.6 14.4 

Peak ∆SBP *14.1 18.8 *6.5 27.8 *8.1 22.8 

∆EST Min *2.1 2.3 *2.1 2.2 *1.8 2.7 

 

Subgroups shown are as follows: BMI-1 represents < 25 kg.m-2; BMI-2 represents 
25-30 kg.m-2; BMI-3 represents > 30 kg.m-2. Statistical analysis involved paired 
samples T-test of outcomes and two-way MANOVA of all the listed dependent 
variables against BMI and SB subgroup allocation as the independent variables. 
Bonferroni corrected alpha of 0.008 was used to determine significance within the 
MANOVA.*These outcomes were statistically significant (p < 0.05) based on paired 
T-test analysis. aThese parameters showed a significant difference across SB 
subgroups in each BMI group. 
 

Based on the combined BMI and SB subgroups, only BMI-2/SB1, BMI-2/SB2 and 

BMI-3/SB2 (Table 11.4, p < 0.01) males showed rest HR decreases. Two-way 

MANOVA showed no effect of BMI or SB grouping on rest HR outcomes in males 

(Table 11.4). Based on the combined BMI and SB subgroups, only BMI-3/SB3 

females (Table 11.5, ∆HR = -4.0, SD = 9.8, p < 0.05) showed significant rest HR 
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changes. Two-way MANOVA showed no effect of BMI or SB grouping on rest HR 

outcomes in females (Table 11.5). 

 

11.2.3 Effect on resting SBP 

Only males classified as BMI-2 (Table 11.3, ∆SBP = 2.4 mmHg, SD = 14.7, and p < 

0.05) showed a resting SBP change. One-way MANOVA analysis showed no 

significant effects of BMI subgroup allocation on resting SBP outcomes in either 

gender (Table 11.3, p > 0.05). Based on the combined BMI and SB subgroups, 

males showed rest SBP changes ranging from ∆SBP = -15.9 mmHg (Table 11.4, SD 

= 15.2, p < 0.01) in BMI-1/SB3 patients to ∆SBP = 9.6 mmHg (Table 11.4, SD = 

13.1, p < 0.01) in the BMI-2/SB1 subgroup. Two-way MANOVA showed that SB 

grouping had an Effect size = 0.132 (Table 11.4, p < 0.001) on rest SBP outcomes in 

males. Based on the combined BMI and SB subgroups, females showed rest SBP 

changes ranging from ∆SBP = -18.7 mmHg (Table 11.5, SD = 19.3, p < 0.01) in BMI-

1/SB3 patients to ∆SBP = 11.0 mmHg (Table 11.5, SD = 13.0, p < 0.01) in the BMI-

1/SB1 subgroup. Two-way MANOVA showed that SB grouping had an Effect size = 

0.311 (Table 11.5, p < 0.001) on rest SBP outcomes in females. 

 

11.2.4 Effect on resting DBP 

No resting DBP changes were noted based on BMI grouping alone. One-way 

MANOVA confirmed no influence of BMI grouping only on resting DBP outcomes in 

either gender (Table 11.3, p > 0.05). Based on the combined BMI and SB 

subgroups, males showed rest DBP changes ranging from ∆DBP = -4.6 mmHg 

(Table 11.4, SD = 9.9, p < 0.01) in BMI-2/SB3 patients to ∆DBP = 4.0 mmHg (Table 

11.4, SD = 10.8, p < 0.01) in the BMI-3/SB1 subgroup. Two-way MANOVA showed 
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that SB group had an Effect size = 0.044 (Table 11.4, p < 0.001) on rest DBP 

outcomes in males. Based on the combined BMI and SB subgroups, females 

showed no statistically significant changes in rest DBP (Table 11.5), although two-

way MANOVA showed that SB group had an Effect size = 0.081 (Table 11.5, p < 

0.001) on rest DBP outcomes in females.  

 

Table 11.5 - Outcomes in resting and peak physiology in MI females by 
BMI and SB subgroups 

  
            

 Parameter 
SB 1 SB 2 SB 3 

  Mean SD Mean SD Mean SD 

BMI 1 

Rest ∆HR -2.7 12.1 -3.9 11.0 -1.5 7.1 

a 
Rest ∆SBP *11.0 13.0 1.5 17.0 *-18.7 19.3 

a 
Rest ∆DBP 4.4 11.7 -0.2 9.0 -5.0 11.0 

Peak ∆HR *11.1 10.6 8.6 19.0 5.0 21.2 

a 
Peak ∆SBP *16.8 15.7 *10.4 18.6 -2.1 20.8 

∆EST Min *1.8 2.3 *2.2 2.3 *1.4 2.2 

BMI 2 

Rest ∆HR -2.4 6.5 -1.2 10.6 -3.8 13.5 

Rest ∆SBP *7.8 10.3 0.2 12.9 *-15.8 10.4 

Rest ∆DBP 5.4 11.0 1.1 8.1 -4.4 10.3 

Peak ∆HR 5.2 9.6 *7.3 16.8 4.1 10.9 

Peak ∆SBP *12.5 15.5 *5.7 18.8 -5.2 15.8 

∆EST Min *2.2 2.3 *2.1 1.8 *1.6 2.1 

BMI 3 

Rest ∆HR 3.1 12.7 1.0 8.9 *-4.0 9.8 

Rest ∆SBP *9.9 13.0 *5.3 14.8 *-14.0 11.3 

Rest ∆DBP 4.0 10.3 1.9 8.2 -1.9 10.4 

Peak ∆HR *14.1 14.7 *6.7 14.4 5.3 13.2 

Peak ∆SBP *11.0 14.9 *10.4 27.1 5.2 24.8 

∆EST Min *1.3 1.6 *1.9 2.2 *2.2 1.3 

 

Subgroups shown are as follows: BMI-1 represents < 25 kg.m-2; BMI-2 represents 
25-30 kg.m-2; BMI-3 represents > 30 kg.m-2. Statistical analysis involved paired 
samples T-test of outcomes and two-way MANOVA of all the listed dependent 
variables against BMI and SB subgroup allocation as the independent variables. 
Bonferroni corrected alpha of 0.008 was used to determine significance within the 
MANOVA.*These outcomes were statistically significant (p < 0.05) based on paired 
T-test analysis. aThese parameters showed a significant difference across SB 
groups. 
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11.2.5 Effect on Peak HR 

 

Based on BMI grouping, males showed peak HR increases ranging from ∆HR = 10.0 

bpm for BMI-1 (Table 11.3, n = 269, SD = 19.2, p < 0.05) to ∆HR = 8.1 bpm for BMI-

3 (Table 11.3, n = 363, SD = 17.4, p < 0.05). Females showed peak HR increases 

ranging from ∆HR = 8.5 bpm for BMI-1 (Table 11.3, n = 54, SD = 17.3, p < 0.05) to 

∆HR = 6.3 bpm for BMI-2 (Table 11.3, n = 77, SD = 14.8, p < 0.05). One-way 

MANOVA showed that BMI subgroup allocation alone had no affect on peak HR 

outcomes in males either gender (Table 11.3, p > 0.05). In males, additional 

correction for SB subgroups (Table 11.4) showed that all peak HR increases were 

statistically significant (p < 0.05) and consistently graded with the highest increases 

shown for SB1 patients within BMI-1, BMI-2 and BMI-3 subgroups. Female peak HR 

outcomes ranged from ∆HR = 14.1 bpm for BMI-3/SB1 females (Table 11.3: SD = 

14.7, p < 0.05), to ∆HR = 6.7 bpm for BMI-3/SB2 (Table 11.3: SD = 14.4, p < 0.05). 

Two-way MANOVA based on BMI and SB subgroups showed that male peak HR 

outcomes varied significantly based on SB subgroups in males (Table 11.4, Effect 

size = 0.016, p < 0.001), but not females (Table 11.5, p > 0.05). 
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11.2.6 Effect on Peak SBP 

 

Based on BMI subgroups, males showed peak SBP changes ranging from ∆SBP = 

10.0 mmHg (Table 11.3, n = 269, SD = 20.2, p < 001) in BMI-1 patients to ∆SBP = 

8.4 mmHg (Table 11.3, n = 363, SD = 25.5, p < 001) in the BMI-3 subgroup. 

Females showed peak SBP changes ranging from ∆SBP = 9.5 mmHg (Table 11.3, n 

= 54, SD = 19.2, p < 001) in BMI-1 patients to ∆SBP = 4.4 mmHg (Table 11.3, n = 

77, SD = 18.4, p < 001) in the BMI-2 subgroup. One-way MANOVA showed no effect 

of BMI subgroup allocation alone on peak SBP outcomes (Table 11.3, p > 0.05) 

using a Bonferroni adjusted alpha of 0.008. Based on the combined BMI and SB 

subgroups, males showed peak SBP changes ranging from ∆SBP = 14.7 mmHg 

(Table 11.4, SD = 21.6, p < 001) in BMI-1/SB1 patients to ∆SBP = 6.5 mmHg (Table 

11.4, SD = 27.8, p < 001) in the BMI-3/SB2 subgroup. Two-way MANOVA showed 

that SB group had an Effect size = 0.026 (Table 11.4, p < 0.001) on peak SBP 

outcomes in males. Based on the combined BMI and SB subgroups, females 

showed peak SBP changes ranging from ∆SBP = 16.8 mmHg (Table 11.5, SD = 

15.7, p < 001) in BMI-1/SB1 patients to ∆SBP = 5.7 mmHg (Table 11.5, SD = 18.8, p 

< 001) in the BMI-2/SB2 subgroup (Table 11.5). Two-way MANOVA showed that SB 

group had an Effect size = 0.055 (Table 11.5, p < 0.01) on peak SBP outcomes in 

females. 
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11.2.7 Effect on EST Minutes 

 

Based on BMI subgroups, males showed increases in EST minutes of between ∆Min 

= 2.5 mins for BMI-1 (Table 11.3, SD = 2.5, p < 0.05) and ∆Mins = 2.1 mins for BMI-

3 patients (Table 11.3, SD = 2.3, p < 0.05). Females showed increases in EST 

minutes ranging from ∆Min = 2.0 mins in BMI-2 (Table 11.3: SD = 2.7, p < 0.05) to 

∆Min = 1.9 mins in BMI-3 (Table 11.3, SD = 1.8, p < 0.05). One-way MANOVA 

showed that BMI grouping alone had no effect on EST minute outcomes in males or 

females (Table 11.3) using a Bonferroni adjusted alpha of 0.008. Based on the 

combined BMI and SB subgroups, males showed EST minute increases ranging 

from ∆Min = 2.6 mins (Table 11.4, SD = 2.3, p < 05) in BMI-1/SB1 patients to ∆Min = 

1.8 mins (Table 11.4, SD = 2.9, p < 0.05) in the BMI-3/SB3 subgroup. Based on the 

combined BMI and SB subgroups, females showed EST minute changes ranging 

from ∆Min = 2.2 mins (Table 11.5, SD = 2.3, p < 05) in BMI-1/SB2 patients to ∆Min = 

1.3 mins (Table 11.5, SD = 1.6, p < 0.05) in the BMI-3/SB1 subgroup. Two-way 

MANOVA showed that SB group had no effect on EST durations in females (Table 

11.5, p > 0.05). 
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11.3 Discussion 

 

11.3.1 Overview 

These findings suggest that with an IT based CR intervention in MI patients: (a) BMI 

grouping in isolation does not significantly affect outcomes in resting HR, SBP or 

DBP; (b) peak HR outcomes, representing increases across all BMI subgroups in 

both genders, appear to be progressively lower with higher BMI groups in males, 

with a trough seen in BMI-2 females; (c) Peak SBP outcomes were also consistently 

positive (representing increases from pre-program value), but these were not shown 

by one-way MANOVA to vary significantly with BMI groups in isolation (although 

clinical significance may apply); (d) while MANOVA showed no statistically significant 

variation in EST minute outcomes based on age groups, the trend in both genders of 

equivalent outcomes in BMI-1 and BMI-2 and lower outcomes in BMI-3 groups 

appears clinically significant; (e) combined BMI and SB grouping shows that the 

effects of SB allocations seen earlier in MI patients are preserved (particularly in 

resting BP, peak HR in males and peak SBP in both males and females) with 

underlying BMI grouping helping to reveal peaks (e.g maximal peak HR outcomes in 

BMI-2/SB-2 patients, with BMI-1/SB-2 and BMI-3/SB-2 outcomes lower in males) 

and grading (e.g. peak HR outcomes in BMI-1/SB-1 are higher than BMI-2/SB-1 and 

in turn higher than BMI-3/SB-1) trends. 
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11.2.2 Important demographics 

Significant pre-program variations across BMI groups were shown for age, rest DBP 

and peak SBP in males, while BMI varied in both genders. Resting SBP increased 

from BMI-1 to BMI-3 groups, as did peak SBP. However resting HR and SBP 

averages did not vary significantly in either gender. Based on this data, patients 

admitted to the CR program and assessed at rest as obese during pre-program 

assessment were generally younger, had higher resting DBP, showed a significantly 

higher peak BP and achieved the lowest durations during EST testing. Unlike in non-

MI patients, resting SBP did not vary significantly across BMI groups pre-program, 

and the age and DBP patterns appear reversed in this sample compared with non-MI 

patients. Diagnosed hypertension varied in males between BMI groups, although the 

variation in females did not achieve statistical significance in the one-way MANOVA 

(likely due to the lower sample sizes in the female groups). Additionally, 

hypercholesterolemia, diabetes, BB and ACEI use varied in males, while sedentary 

behaviour varied in both genders, based on BMI groups. These variations help to 

confirm the value of BMI grouping to effectively correct for as much of this multi-

parameter variation as possible when analysing physiological outcomes. 

 

11.3.3 Outcomes in resting physiology 

As with non-MI patients (see Chapter 7) the application of BMI groups in isolation 

does not seem to significantly influence outcomes in resting physiology in MI 

patients. With the exception of the slight variation in resting DBP in males, no other 

pre-program variations in resting physiology were found in either gender based on 

BMI grouping. BMI may not independently predict outcomes in resting physiology. 

There is little or no evidence on the effects of BMI on resting outcomes with IT-based 
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CR interventions for comparison with current data. Some evidence suggests that 

obesity affects resting respiratory function by reducing compliance of the respiratory 

system, and that obese individuals may actually have cardiorespiratory fitness levels 

within the normal ranges [193]. These authors also describe how increased 

peripheral muscular hypertrophy may be common among those with overweight or 

obesity as an adaptation to cope with increased body-mass, suggesting that this 

increased muscle mass could in turn be contributing to the normal cardiorespiratory 

fitness levels. Such factors combined may therefore explain the pattern of variations 

in pre-program resting physiology based on BMI groups in the present data, without 

an apparent variation in resting HR, SBP or DBP outcomes based on BMI grouping 

alone.  

 

11.3.4 Outcomes in peak physiology 

Peak HR increases in males appear to be graded and less clinically significant with 

higher BMI groups. In females however, peak HR outcomes were minimal in SB2 

patients. Generally though patients with higher BMI show lesser increases in peak 

HR post-program, although this finding does not necessarily indicate a direct link. 

Pre-program data showed no statistical variation in peak HR between BMI groups to 

explain the outcomes in peak HR post-program. Those with higher BMI may be 

impeded in their physical activity [187], or have respiratory and other limitations to 

physiological changes [194], or some combination of these and/or other clinical 

factors. The present peak HR outcomes may also be the result of the relatively 

normal cardiorespiratory fitness seen in obese individuals [193] leading to 

adaptations of lower absolute value. The present data in MI patients however 

compares those with normal BMI, overweight and obesity, showing that peak HR 
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outcomes appear to be influenced by pre-program BMI. Peak SBP outcomes were 

consistently positive (as with non-MI patients seen in Chapter 7), adhering to the 

same trends in peak HR already described based on BMI grouping, but these were 

not shown by one-way MANOVA to vary significantly. In males (but not females), 

pre-program peak SBP was shown to be significantly higher in BMI-3 (obese) 

patients than BMI-2 (overweight) patients, which in turn was higher than pre-program 

peak SBP in BMI-1 (normal) patients. These combined findings show that the 

present IT protocol produced changes in peak SBP of similar clinical significance in 

these patients despite variations in pre-program peak SBP based on BMI, which may 

once again be potentially explained by the differential effects of obesity on resting 

and peak physiology reported elsewhere [187, 193],. No evidence from the literature 

for direct comparison of the present findings was found.  

 

While one-way MANOVA showed no statistically significant variation in EST minute 

outcomes based on BMI groups, the trend of graded outcomes in males yet near 

equivalent outcomes in female patients appears clinically significant. Whilst 

cardiorespiratory fitness may be at or near normal levels in those with obesity [193], 

the data suggest that obesity and overweight reduce the total time gained during 

maximal EST testing in males but not females following the current IT protocol. No 

evidence was found within the literature for direct comparison of these findings 

based on pre-program BMI. Further research and analysis is necessary to determine 

whether this finding was related to increased patient reported fatigue and/or 

symptoms or clinician-observed signs (e.g. higher incidence of STEMI during 

testing), leading to EST termination relatively earlier in obese BMI-3 patients.  
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11.3.5 Implications for clinical practice 

The trends seen in the present resting SBP and DBP outcomes when the combined 

BMI and SB groupings are applied show that the effects of SB allocations seen 

earlier in MI patients are preserved when used with BMI grouping. However the 

underlying BMI grouping reveals different trends here compared to non-MI patients. 

The maximal Peak HR outcome in normotensive BMI-2/SB-2 patients, with BMI-

1/SB-2 and BMI-3/SB-2 outcomes lower in males, demonstrates a peaking trend in 

normotensive patients whereby BMI-2 overwieght patients show the highest post-

program Peak HR outcomes, with both normal weight and obese individuals 

averaging lesser changes in Peak HR. By comparison, this trend was observed in 

hypotensive SB1 patients within the non-MI data. The grading trend seen in 

normotensive non-MI males in terms of Peak HR outcomes is observed here instead 

in hypotensive MI patients. Based on the differences in these observed trends we 

can see that sustaining an MI can significantly change outcomes in peak physiology.  

 

Evidence from the literature suggests that an IT intervention may compensate for 

age-related decline in systolic and diastolic heart function [157], and may produce 

improvements in left ventricular structure and function, and ejection fraction [156], as 

well as improved myocardial perfusion and reduced resting HR [158]. Hypertensive 

patients have also been shown to achieve reductions in blood pressure following IT 

[88, 159, 160], and hypertensive females may generally have better LV function than 

males in patients with hypertrophy [185]. The present data suggests that BMI can 

significantly affect such outcomes in MI patients. Clinical responses to IT have been 

shown to include physiological adaptations early with structural adaptations 

occurring in the longer term [15].  
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However combining additional exercise modalities may be necessary to ensure CR 

programs maximise these outcomes. For example, when combined with RT, IT 

interventions may produce better improvements in flow-mediated dilation [99]. In 

terms of central pathology, the risk of developing CHF and the severity of the 

condition have been shown to vary with factors including ischemia, hypertension, 

diabetes and obesity [199]. These results confirm the importance of comorbidities in 

a clinical setting. Although ET has been considered the gold standard for managing 

weight for some time, IT is also being applied in weight loss programs for obese 

patients [200] with positive results in abdominal obesity and body composition. Some 

results suggest greater improvements in cardiovascular physiology and functional 

capacity with IT over ET [156, 162], whilst other exercise protocols report equivalent 

outcomes with ET and IT [168, 169]. Improvements in muscular microvasculature 

may be higher in IT than ET interventions [190]. However other findings suggest that 

submaximal (low-dose) exercise improves peripheral muscle metabolism, but this 

may not be further improved by higher intensities [191]. One current study [170] aims 

to investigate the effects of exercise dose on obesity and cardiovascular risk factors 

and may help to clarify the role of exercise-dose in outcomes. High-intensity IT may 

also produce better submaximal adaptations than ET [192], which may be more 

relevant to clinical rehabilitation settings. The present findings are in line with other 

evidence showing that functional capacity improvements with IT, including increases 

in peak O2 uptake [165] and VO2 max [166]. The SMARTEX-HF study [167] 

currently under way should provide more extensive results elaborating to what extent 

aerobic IT may deliver benefits in myocardial function.  
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11.4 Conclusion  

Novel trends were demonstrated in MI patients compared with non-MI individuals, 

showing that the patterns seen in patients prior to an MI event (in terms of peaks, 

troughs and grading trends) may be significantly different for some outcomes 

following an MI. These findings confirm the importance of considering BMI and SB 

classifications when interpreting outcomes in patients with a history of MI. 
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Chapter 12 
Retrospective: Medications & outcomes in non-MI patients 

 

 

12.1 Introduction to the Chapter  

 

Having already reported earlier on the effects of pre-program resting SBP (SB 

Bands), metabolic syndrome comorbidities (MC Classification), age and BMI on 

resting and peak physiology in non-MI patients (Chapters 4-7), it is also important to 

consider the effects of medications on these same outcomes. The variability in CR 

outcomes attributable to medication use has not been determined. The two most 

common types of medications used by patients attending CR programs are beta-

blockers (BB) and ACE-inhibitors (ACEI). The former are administered primarily to 

control cardiac rhythm and heart rate, while the latter is the main blood pressure 

modulating drug prescribed to CR patients. These drugs can be prescribed in 

various combinations with the aim of improving cardiac function and regulatory 

mechanisms governing resting and peak physiology, leading to a reduced risk of 

serious cardiovascular events and reduced morbidity and mortality. There is a need 

to clarify the effects of the main medications on outcomes within the present IT-

based training protocol at Westmead hospital between January 2000 and December 

2011. This chapter will analyse the post-program outcomes achieved by non-MI 

patients in terms of heart rate (HR), systolic (SBP) and diastolic (DBP) blood 

pressure at rest, as well as peak HR and SBP and EST minutes achieved during 

maximal stress testing. The chapter begins with a review of the overall sample 

demographics (N = 1056) of all non-MI patients completing the program, with the 

sample divided into groups based on medication use.   
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12.2 Results 
 
 
12.2.1 Key Demographics 

Hypertension and diabetes prevalence varied significantly across all BB and ACEI 

subgroups in males, while SB subgroup allocation only varied significantly between 

BB subgroups in male patients (Table 12.1, p < 0.05). Binary logistic regression 

using all of the independent predictor variables shown in Table 12.1, with ACEI 

subgroup allocation as the dependent variable, and the data split based on gender 

and BB subgroups, showed that the full model containing all predictors was 

statistically significant in males classified BB negative (Table 12.1, 2 = 95.151, 

p<0.001) and BB positive (Table 12.1, 2 = 53.438, p<0.001),  with the model 

explaining 22.9% to 30.5% of the variation in ACEI subgroup allocation in BB 

negative males and 11.6% to 15.5%  in BB positive patients (Cox & Snell R2 and 

Nagelkerke R2). Only the prevalence of hypertension diagnosis contributed 

significantly to ACEI subgroup allocation in males (Table 12.1, p < 0.001).  

 

Hypertension, diabetes prevalence and sedentary behaviour varied significantly 

across all BB and ACEI subgroups in females (Table 12.1, p < 0.05). Similar binary 

logistic regression to that used in males, showed that the full model containing all 

predictors was statistically significant in females classified BB negative (Table 12.1, 


2 = 58.388, p<0.001) and BB positive (Table 12.1, 2 = 24.955, p<0.001), explaining 

35.1% to 46.9% of the variation in ACEI subgroup allocation in BB negative females 

and 18.6% to 24.9%  in BB positive patients (Cox & Snell R2 and Nagelkerke R2). 

The prevalence of hypertension, diabetes and sedentary behaviour contributed 

significantly to ACEI subgroup allocation in females (Table 12.1, p < 0.01). 
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Table 12.1 - Categorical demographics in non-MI patients by medication 

subgroups 

      

  
BBneg BBpos 

  Parameter ACEIneg ACEIpos ACEIneg ACEIpos 

Males 

Total (N) 185 181 229 205 

Hyperchol. - n(%) 
148 
(80.0) 

161 
(89.0) 

192 
(83.8) 

170 (82.9) 

*#Hypertension - n(%) 67 (36.2) 
150 
(82.9) 

103 
(45.0) 

154 (75.1) 

*Diabetes - n(%) 36 (19.5) 56 (30.9) 50 (21.8) 65 (31.7) 

Family History - n(%) 63 (34.1) 66 (36.5) 94 (41.0) 87 (42.4) 

Sedentary - n(%) 75 (40.5) 70 (38.7) 90 (39.3) 84 (41.0) 

**SB1 - n(%) 27 (14.6) 18 (9.9) 40 (17.5) 24 (11.7) 

SB2 - n(%) 
120 
(64.9) 

113 
(62.4) 

148 
(64.6) 

126 (61.5) 

SB3 - n(%) 38 (20.5) 50 (27.6) 41 (17.9) 55 (26.8) 

Females 

Total (N) 73 62 57 64 

Hyperchol. - n(%) 57 (78.1) 55 (88.7) 44 (77.2) 55 (85.9) 

*#Hypertension - n(%) 30 (41.1) 51 (82.3) 28 (49.1) 49 (76.6) 

*#Diabetes - n(%) 7 (9.6) 23 (37.1) 6 (10.5) 21 (32.8) 

Family History - n(%) 29 (39.7) 35 (40.3) 22 (38.6) 29 (45.3) 

*#Sedentary - n(%) 28 (38.4) 43 (69.4) 22 (38.6) 40 (62.5) 

SB1 - n(%) 10 (13.7) 5 (8.1) 9 (15.8) 9 (14.1) 

SB2 - n(%) 47 (64.4) 36 (58.1) 29 (50.9) 33 (51.6) 

SB3 - n(%) 16 (21.9) 21 (33.9) 19 (33.3) 22 (34.4) 

 

Statistical analysis involved Pearson’s chi square test for differences between 
groups, and binary logistic regression on ACEI subgroup allocation based on the 
combined gender and BB subgroups. * These parameters showed a significant 
difference in all subgroups. ** These parameters showed a significant difference 
in BBpos subgroups only. #These factors contributed significantly to ACEI 
subgroup allocation across the combined gender and BB subgroups. 
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Table 12.2 summarises the continuous demographic variables (age, BMI, resting 

HR, SBP and DBP, peak HR and SBP, and EST minutes during pre-program 

assessment) for the data sample in the present study based on gender, BB and 

ACEI subgroups. Two-way MANOVA analysis, using BB and ACEI subgroup 

allocations as the categorical independent variables and the continuous 

demographic parameters above as the dependent variables (based on a Bonferroni 

adjusted alpha value of 0.007), showed that in males: (a) rest HR, rest DBP, peak 

HR and peak SBP variables showed significant variance across BB subgroups; (b) 

age, BMI, rest HR, rest SBP, and peak SBP varied across ACEI subgroups; (c) an 

BB*ACEI interaction effect was noted for rest HR. In females: (a) age, rest HR, peak 

HR and peak SBP variables showed significant variance across BB subgroups; (b) 

age and peak HR varied across ACEI subgroups.  
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Table 12.2 - Continuous demographics in non-MI patients by medication subgroups 

  
                

  
BBneg BBpos 

 
  ACEIneg ACEIpos ACEIneg ACEIpos 

  Parameter Mean SD Mean SD Mean SD Mean SD 

Males 

bAge 58.9 11.2 63.4 9.4 60.6 11.0 62.3 10.5 
bBMI 27.6 3.8 28.6 4.4 27.4 4.4 28.5 5.1 
abcRest HR 84.3 13.6 79.7 13.7 71.9 12.6 71.1 12.5 
bRest SBP 120.4 16.7 123.8 17.0 118.3 16.2 122.6 17.5 
aRest DBP 74.4 9.0 72.5 10.4 71.4 9.2 72.0 10.5 
aPeak HR 131.1 19.3 127.7 20.5 112.9 18.4 111.8 20.3 
abPeak SBP 161.3 25.4 167.1 26.3 149.8 26.0 156.9 27.3 

Minutes 5.9 3.2 5.7 3.3 5.8 2.9 5.2 3.3 

Females 

abAge 58.9 13.3 64.1 9.9 63.8 8.8 65.8 9.8 

BMI 27.9 6.3 29.1 7.4 27.5 4.5 28.8 7.3 
aRest HR 83.8 13.0 84.5 13.9 74.0 13.9 73.1 15.2 

Rest SBP 122.0 16.6 125.9 17.7 123.9 22.0 124.1 20.0 

Rest DBP 73.1 10.6 73.5 9.2 73.4 11.0 69.6 11.4 
abPeak HR 127.2 21.8 119.3 22.5 106.9 18.5 103.1 17.9 
aPeak SBP 152.5 24.3 157.4 25.0 142.7 20.9 146.7 27.5 

Minutes 4.0 3.0 3.5 2.7 3.4 2.5 3.2 2.7 

 

Statistical analysis involved two-way MANOVA for differences between groups. aThese parameters showed a significant 
difference across BB subgroups. bThese parameters showed a significant difference across ACEI subgroups. cThese 
parameters showed a significant BB*ACEI cross interaction. 
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12.2.2 Effect on resting HR 

Significant and equivalent resting HR reductions were observed in males and 

females classified as BBneg/ACEIneg (Table 12.3, ∆HR = -3.0 bpm, SD = 14.1 and 

SD = 10.6 in males and females respectively, p < 0.05). Two-way MANOVA 

comparison of BB and ACEI subgroup allocations for resting HR outcomes showed 

statistically significant differences in males only based on BB subgroup allocation 

(Table 12.3, p < 0.05). 

 

Table 12.3 - Outcomes in resting physiology in non-MI patients by medication subgroups 

  
                

 
  BBneg BBpos 

 Parameter 
ACEIneg ACEIpos ACEIneg ACEIpos 

 
Mean SD Mean SD Mean SD Mean SD 

Males 

a∆HR *-3.0 14.1 -1.1 11.4 0.0 11.9 -0.6 11.0 

∆SBP -0.5 15.7 -0.6 18.3 1.3 17.9 *-1.4 17.4 

∆DBP -1.1 10.9 -0.3 10.2 0.8 10.7 -0.5 9.5 

Females 

∆HR *-3.0 10.6 -2.5 13.0 1.2 14.6 -2.6 11.3 

∆SBP -2.1 14.8 -1.4 20.2 -0.2 16.5 -5.8 21.5 

∆DBP -1.6 10.5 -2.2 11.2 -0.1 10.4 -0.7 9.5 

 

Statistical analysis involved paired samples t-test comparisons of outcomes 
within groups, and two-way MANOVA for differences between groups. *These 
represented significant (p < 0.05) outcomes. aThese parameters showed a 
significant difference across BB subgroups.  

 
 
 
 
 

12.2.3 Effect on resting SBP 

Only males classified as BBpos and ACEIpos showed a resting SBP decrease 

(Table 12.3, N = 205 and ∆SBP = -1.4 mmHg, SD = 17.4, with p < 0.05). Two-way 

MANOVA comparison of BB and ACEI subgroups allocation showed no significant 

effects on  resting SBP outcomes in either gender (Table 12.3, p > 0.05).  
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12.2.4 Effect on resting DBP 

No statistically significant outcomes were achieved based on BB and ACEI subgroup 

allocations in either gender (Table 12.3, p > 0.05). Two-way MANOVA confirmed no 

influence of BB or ACEI subgroup allocations on resting DBP outcomes in either 

gender. 

 

12.2.5 Effect on Peak HR 

Males showed peak HR increases ranging from ∆HR = 11.8 bpm for BBpos/ACEIneg 

(Table 12.3: N = 229, SD = 17.5, p < 0.001) to ∆HR = 5.6 bpm for BBneg/ACEIpos 

(Table 12.3: N = 181, SD = 16.6, p < 0.001). Females showed peak HR increases 

ranging from ∆HR = 13.5 bpm for BBpos/ACEIneg (Table 12.3: N = 57, SD = 19.8, p 

< 0.001) to ∆HR = 6.2 bpm for BBneg/ACEIpos (Table 12.3: N = 62, SD = 22.0, p < 

0.001). Two-way MANOVA showed that BB subgroup allocation had no effect on 

peak HR outcomes in either gender (Table 12.3, p > 0.05), while ACEI subgroup 

allocation had an Effect size = 0.015 in males only (Table 12.3, p < 0.001). 
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Table 12.4 - Outcomes in peak physiology in non-MI patients by medication 

subgroups 

  
                

 
  BBneg BBpos 

 Parameter 
ACEIneg ACEIpos ACEIneg ACEIpos 

 
Mean SD Mean SD Mean SD Mean SD 

Males 

a ∆HR *10.5 17.6 *5.6 16.6 *11.8 17.5 *7.7 20.6 
a b ∆SBP *9.0 21.8 *9.5 21.1 *14.3 25.1 *7.0 21.8 
a b ∆MIN *2.6 2.4 *1.8 2.1 *2.0 2.5 *2.0 2.7 

Females 

∆HR *6.3 18.6 *6.2 22.0 *13.5 19.8 *5.7 15.4 
a b ∆SBP *6.0 20.2 *7.2 26.5 *15.5 21.4 2.6 19.6 

∆MIN *1.9 2.1 *1.7 2.7 *1.8 2.3 *1.3 1.9 

 

Statistical analysis involved paired samples t-test of outcomes within groups, and 
two-way MANOVA for differences between groups. *These represented 
significant (p < 0.05) outcomes. aThese parameters showed a significant 
difference across BB subgroups. bThese parameters showed a significant 
difference across ACEI subgroups.  

 
 
12.2.6 Effect on Peak SBP 

Males showed peak SBP increases ranging from ∆SBP = 14.3 mmHg (Table 12.4, N 

= 229, SD = 25.1, p < 001) in BBpos/ACEIneg patients, to ∆SBP = 7.0 mmHg (Table 

12.4, N = 205, SD = 21.8, p < 001) for BBpos/ACEIpos patients. Females showed 

peak SBP increases ranging from ∆SBP = 15.5 mmHg (Table 12.4, N = 57, SD = 

21.4, p < 001) in BBpos/ACEIneg patients, to ∆SBP = 6.0 mmHg (Table 12.4, N = 

73, SD = 20.2, p < 001) for BBneg/ACEIneg patients. Two-way MANOVA showed 

that ACEI subgroup allocation had an Effect size of 0.006 on peak SBP outcomes in 

males, and an Effect size of 0.017 in females (Table 12.3, p < 0.05). A significant 

BB*ACEI interaction was noted for peak SBP outcomes in both genders (Table 12.4, 

p < 0.05) 
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12.2.7 Effect on EST Minutes 

Males showed increases in EST minutes of between ∆Mins = 2.6 mins for 

BBneg/ACEIneg (Table 12.3, n = 185, SD = 2.4, p < 0.01) and ∆Mins = 1.8 mins for 

BBneg/ACEIpos patients (Table 12.3, n = 181, SD = 2.1, p < 0.01). Females showed 

increases in EST minutes ranging from ∆Mins = 1.9 mins in BBneg/ACEIneg (Table 

12.3: n = 73, SD = 2.1, p < 0.01) to ∆Mins = 1.3 mins in BBpos/ACEIpos (Table 12.3, 

n = 64, SD = 1.9, p < 0.01). Two-way MANOVA analysis showed that ACEI subgroup 

allocation had an Effect size = 0.007 on outcomes in EST minutes in males (Table 

12.4, p < 0.001) but not in females (Table 12.4, p > 0.05). A significant BB*ACEI 

cross interaction was noted in males with an Effect size = 0.007 (Table 12.4, P < 

0.05).  

 
 

12.3 Discussion 
 

12.3.1 Overview 

Overall the data shows: (a) BB use affected resting HR outcomes in males, but no 

other affect of medications on outcomes in resting physiology were noted in males or 

females; (b) in both genders, only patients not taking any medications showed an 

average resting HR reduction reaching statistical significance; (c) ACEI use affected 

outcomes in peak HR in males only, peak SBP in males and females, and EST 

minutes in males only; (d) a significant cross interaction was noted between BB and 

ACEI use on peak SBP (in both genders) and EST minutes (in males only). 
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12.3.2 Outcomes in resting HR 

BB medications including bisoprolol, metoprolol and carvedilol have been shown to 

be effective in helping to manage myocardial ischemia and cardiac arrhythmias in 

patients with coronary artery disease and heart failure [201]. The HF-ACTION trial 

concluded that BB medications were not only safe for use in CHF patients, but it was 

further argued that increased dosages may be beneficial in certain cases [202]. As 

the present data shows, only those male and female patients not taking either BB or 

ACEI medications showed reductions in resting HR. This finding may suggest that 

these therapeutic agents may be inhibiting changes in resting HR within the present 

IT intervention.  

 

12.3.3 Outcomes in resting blood pressure 

Exercise training has also been shown to reduce BP in hypertensive patients 

independently of ACEI medication [203], which suggests that perhaps well structured 

training programs may be an alternative strategy in at least some patients taking 

these anti-hypertensive drugs. The present data shows that neither males nor 

females showed variations in resting SBP outcomes based on medication use. 

However due to limited sample sizes the data above does not include corrections for 

SB subgroups, which have been shown to dramatically affect outcomes in resting 

SBP (see Chapters 4-7). Despite this limitation, the above data demonstrates that 

ACEI and BB drugs do not significantly influence resting SBP or DBP outcomes 

within the present IT protocol. 
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12.3.4 Outcomes in peak physiology 

Findings from a recent study suggested that combinations of ACEI and either BB or 

angiotensin receptor blockers (ARB) medication did not appear to affect exercise 

capacity in their protocol involving supine cycling exercise [204]. However some 

effects of these combinations were shown in terms of reductions in SBP (with the 

ACEI + ARB) and HR (with the ACEI + BB). Other results [205] show that ACEI use 

may improve parameters such as walking speed following twelve months of exercise 

in older patients aged 70-89 years. The present results show that while BB 

subgroups showed no significant variations in peak outcomes, ACEI use influenced 

all peak outcomes in males and peak SBP in females. Furthermore, a significant 

cross-interaction was found for peak SBP in both genders and EST minutes in 

males. The lowest increase in peak SBP was shown for patients taking both BB and 

ACEI medications combined, while the greatest EST minute outcomes in both 

genders were shown for patients not taking either BB or ACEI medication. As with 

resting outcomes, the previously discussed effect of pre-program resting SBP (i.e. 

SB bands) on trends in peak outcomes should be considered when interpreting the 

above data.  

 

12.3.5 Implications for clinical practice 

Authors on the subject of BB medication use combined with exercise training have 

indicated that these drugs may complicate exercise prescription in clinical settings 

[206]. It also appears that individuals with polymorphisms in genes encoding a 

particular subunit of beta receptors may be predisposed to greater responses to BB 

drugs during exercise [207]. Some investigators have therefore suggested using 

reduced target HR levels for prescribing exercise to patients taking BB medications 
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[208], to ensure safety while maintaining the efficacy of exercise interventions. 

Evidence from the HF-ACTION trial [202] suggests that BB medications may be well 

tolerated and efficacious in CHF patients undergoing exercise rehabilitation even at 

higher doses, while other authors have reported results showing that 12 month 

treatment with enalapril (an ACEI medication), without exercise training, did not 

improve exercise oxygen consumption or other peak physiology parameters in CHF 

patients with preserved ejection fraction [209]. Combined with the present data, this 

evidence suggests that although BB and ACEI medications may be well tolerated, 

they appear to have little influence on exercise rehabilitation outcomes (dependent 

on the exercise protocol), and may inhibit some outcomes such as resting HR for 

example. 

 

Although there is some evidence that acute cessation of BB medication (i.e. 27 hour 

period withholding carvedilol) does not correct for chronotropic incompetence in CHF 

patients for example [210], there is no available evidence from longer-term cessation 

studies, particularly combined with exercise-based CR programs. An extended trial 

of coordinated drug cessation, exercise intervention and clinical status review would 

yield more reliable evidence to guide such strategies. Thus whilst a recent 

comparison of the effectiveness of ACEI and BB drugs with exercise for improving 

ventricular mass in patients with left ventricular hypertrophy [211] suggested that 

drugs may produce superior results to exercise in this population, more research is 

needed to confirm this finding in this and other presentations.  
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12.4 Conclusion  

Medications commonly used by CR patients including BB and ACEI drugs may 

significantly impact on some physiologic outcomes. The maximal improvements in 

EST durations following the IT-based CR intervention were shown in patients not 

taking either of these two types of medications. A medical review of patient 

medications may be necessary on referral to outpatient CR and perhaps as an 

ongoing follow-up at stages during the intervention.  
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Chapter 13 
Retrospective: Medications & outcomes in MI patients 

 

 

 

13.1 Introduction to the Chapter  

 

Following on from Chapter 12, it is also important to consider the effects of an MI 

event on resting and peak physiologic outcomes, based on BB and ACEI medication 

use. These drugs can be prescribed in various combinations with the aim of 

improving cardiac function and regulatory mechanisms governing resting and peak 

physiology, leading to a reduced risk of serious cardiovascular events and reduced 

morbidity and mortality. There is a need to clarify the effects of the main medications 

on outcomes in MI patients within the present IT-based training protocol at 

Westmead hospital between January 2000 and December 2011. This chapter will 

analyse the post-program outcomes achieved by MI patients in terms of heart rate 

(HR), systolic (SBP) and diastolic (DBP) blood pressure at rest, as well as peak HR 

and SBP and EST minutes achieved during maximal stress testing. The chapter 

begins with a review of the overall sample demographics (N = 1422) of all MI 

patients who completed the program, with the sample divided into groups based on 

medication use. This is then followed by an investigation of the resting and peak 

physiological outcomes in MI patients based on these same medication subgroups. 
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13.2 Results 
 
 
 

Table 13.1 - Categorical demographics in MI patients by medication subgroups 

      

  
BBneg BBpos 

  Parameter ACEIneg ACEIpos ACEIneg ACEIpos 

Males 

Total (N) 144 197 297 588 

bHyperchol. - n(%) 
127 
(88.2) 

182 
(92.4) 

269 
(90.6) 

554 (94.2) 

bcdHypertension - n(%) 47 (32.6) 
121 
(61.4) 

125 
(42.1) 

329 (56.0) 

abcDiabetes - n(%) 15 (10.4) 60 (30.5) 52 (17.5) 144 (24.5) 

bFamily History - n(%) 57 (39.6) 66 (33.5) 
137 
(46.1) 

216 (36.7) 

aSedentary - n(%) 55 (38.2) 68 (34.5) 
123 
(41.4) 

283 (41.8) 

aSB1 - n(%) 27 (18.8) 36 (18.3) 79 (26.6) 194 (33.0) 

SB2 - n(%) 91 (63.2) 
125 
(63.5) 

177 
(59.6) 

327 (55.6) 

SB3 - n(%) 26 (18.1) 36 (18.3) 41 (13.8) 67 (11.4) 

Females 

Total (N) 25 33 51 87 
bHyperchol. - n(%) 21 (84.0) 30 (90.9) 48 (94.1) 80 (92.0) 
bHypertension - n(%) 11 (44.0) 25 (75.8) 30 (58.8) 62 (71.3) 

Diabetes - n(%) 7 (28.0) 8 (24.2) 17 (33.3) 21 (24.1) 

Family History - n(%) 15 (60.0) 18 (54.5) 22 (43.1) 38 (43.7) 

Sedentary - n(%) 10 (40.0) 20 (60.6) 26 (51.0) 47 (54.0) 

SB1 - n(%) 7 (28.0) 5 (15.2) 8 (15.7) 18 (20.7) 

SB2 - n(%) 11 (44.0) 17 (51.5) 31 (60.8) 45 (51.7) 

SB3 - n(%) 7 (28.0) 11 (33.3) 12 (23.5) 24 (27.6) 

 

Statistical analysis involved Pearson’s chi square test for differences between 
groups, and binary logistic regression on ACEI subgroup allocation based on the 
combined gender and BB subgroups. aThese parameters showed a significant 
difference in BB subgroups. bThese parameters showed a significant difference in 
ACEI subgroups. cThese contributed significantly to ACEI subgroup allocation in 
BBneg subgroups. dThese contributed significantly to ACEI subgroup allocation in 
BBpos subgroups. 
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13.2.1 Key Demographics 

Diabetes prevalence varied significantly across all BB and ACEI subgroups in males, 

while family history, sedentary behaviour and SB subgroup allocation varied 

significantly between ACEI subgroups in male patients (Table 13.1, p < 0.05). 

Hypercholesterolemia and hypertension varied across ACEI subgroups in both 

males and females (Table 13.1, p < 0.05). Binary logistic regression using all of the 

independent predictor variables shown in Table 13.1, with ACEI subgroup allocation 

as the dependent variable, and the data split based on gender and BB subgroups, 

showed that the full model containing all predictors was statistically significant in 

males classified BB negative (Table 13.1, 2 = 56.198, p<0.001) and BB positive 

(Table 13.1, 2 = 45.430, p<0.001),  with the model explaining 15.2% to 20.4% of the 

variation in ACEI subgroup allocation in BB negative males and 5.0% to 6.9%  in BB 

positive patients (Cox & Snell R2 and Nagelkerke R2). The prevalence of 

hypertension and diabetes contributed significantly to ACEI subgroup allocation in 

BBneg males, while only diagnosed hypertension was a significant factor in BBpos 

males (Table 13.1, p < 0.001).  

 

Table 13.2 summarises the continuous demographic variables (age, BMI, resting 

HR, SBP and DBP, peak HR and SBP, and EST minutes during pre-program 

assessment) for the data sample in the present study based on gender, BB and 

ACEI subgroups. Two-way MANOVA analysis, using BB and ACEI subgroup 

allocations as the categorical independent variables and the continuous 

demographic parameters above as the dependent variables (based on a Bonferroni 

adjusted alpha value of 0.01), showed that in males: (a) age, BMI, rest HR, rest SBP, 

rest DBP, peak HR and peak SBP variables showed significant variance across BB 
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subgroups; (b) rest DBP and peak HR varied across ACEI subgroups; (c) an 

BB*ACEI cross interaction effect was noted for age, rest HR and peak HR (Table 

13.2, p < 0.01). In females, rest HR, peak HR and peak SBP variables showed 

significant variance across BB subgroups (Table 13.2, p < 0.01).  

 
 
 

Table 13.2 - Continuous demographics in MI patients by medication subgroups 

          

  
BBneg BBpos 

  
ACEIneg ACEIpos ACEIneg ACEIpos 

 
Parameter Mean SD Mean SD Mean SD Mean SD 

Males 

ac Age 58.7 10.9 61.8 10.9 59.1 10.3 58.3 10.9 
a BMI 27.1 4.1 27.6 4.0 28.0 4.8 28.7 4.4 

ac Rest HR 80.1 13.7 76.4 14.2 67.3 11.7 68.6 12.5 
a Rest SBP 118.6 16.6 118.2 17.0 114.5 16.8 112.0 17.0 

ab Rest 
DBP 

73.3 9.2 70.9 9.3 71.0 9.7 69.0 10.1 

abc Peak 
HR 

130.2 20.1 123.9 19.6 112.9 19.3 113.4 18.4 

a Peak 
SBP 

161.4 25.6 159.8 26.5 146.3 25.3 145.4 27.3 

Minutes 6.1 2.8 5.6 2.8 5.8 3.0 5.8 2.9 

Females 

Age 58.7 12.4 65.0 8.4 63.4 13.2 64.1 9.5 

BMI 28.5 5.1 27.7 7.7 28.9 5.5 28.7 5.0 
a Rest HR 79.4 14.7 80.5 12.0 71.2 11.9 68.0 10.8 

Rest SBP 119.8 17.8 122.2 17.0 121.5 19.0 120.5 19.3 

Rest DBP 72.0 9.5 71.2 9.8 70.7 10.0 67.4 10.2 
a Peak HR 121.6 16.4 122.0 18.4 106.3 17.7 103.0 19.3 

a Peak 
SBP 

156.4 29.0 158.5 24.8 146.6 22.7 145.7 25.4 

Minutes 4.4 2.9 3.7 2.3 3.0 2.2 3.3 2.5 

 

Statistical analysis involved two-way MANOVA for differences between groups. 
aThese parameters showed a significant difference across BB subgroups. bThese 
parameters showed a significant difference across ACEI subgroups. cThese 
parameters showed a significant BB*ACEI cross interaction. 

 

 

 

  



210 
 

 
Table 13.3 - Outcomes in resting physiology in MI patients by medication 

subgroups 

          

  
BBneg BBpos 

 Parameter 
ACEIneg ACEIpos ACEIneg ACEIpos 

 
Mean SD Mean SD Mean SD Mean SD 

Males 

a ∆HR *-3.1 12.3 *-1.4 10.9 0.0 10.9 *-1.0 10.7 

∆SBP 0.8 16.7 *3.0 15.4 1.6 14.3 *2.2 15.1 

∆DBP 0.4 9.1 1.6 10.6 0.3 9.5 0.7 10.2 

Females 

∆HR -1.6 9.6 *-5.5 9.9 -2.2 11.5 -0.2 10.2 

∆SBP -5.2 15.9 0.0 18.6 0.1 16.8 -0.4 15.7 

∆DBP *-4.5 9.4 0.5 11.3 0.7 9.3 *2.0 9.5 

 
 

Statistical analysis involved paired samples t-test of outcomes within groups, and 
two-way MANOVA for differences between groups. *These represented 
significant (p < 0.05) outcomes. aThese parameters showed a significant 
difference across BB subgroups. 

 
 

13.2.2 Effect on resting HR 

Significant HR reductions were observed in males classified as BBneg / ACEIneg 

(Table 13.3, ∆HR = -3.1 bpm, SD = 12.3, p < 0.05), BBneg / ACEIpos (Table 13.3, 

∆HR = -1.4 bpm, SD = 10.9, p < 0.05), and BBpos / ACEIpos (Table 13.3, ∆HR = -

1.0 bpm, SD = 10.7, p < 0.05). In females, Rest HR reductions were observed in 

patients classified BBneg / ACEIpos (Table 13.3, ∆HR = -5.5 bpm, SD = 9.9, p < 

0.05). Two-way MANOVA comparison of BB and ACEI subgroup allocations for 

resting HR outcomes (using an adjusted Bonferroni alpha = 0.015) showed 

statistically significant differences in males only based on BB subgroup allocation 

(Table 13.3, p < 0.015). 
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13.2.3 Effect on resting SBP 

Males classified as BBneg / ACEIpos (Table 13.3, N = 197, ∆SBP = 3.0 mmHg, SD = 

15.4, p < 0.05), while those classified BBpos / ACEIpos (Table 13.3, N = 588, ∆SBP 

= 2.2 mmHg, SD = 15.1, p < 0.05) showed resting SBP increases. Females did not 

show significant changes in resting SBP (Table 13.3, p > 0.05). Two-way MANOVA 

comparison of BB and ACEI subgroups allocation showed no significant effects on 

rest SBP outcomes in either gender (Table 13.3, p > 0.05).  

 

13.2.4 Effect on resting DBP 

No statistically significant outcomes were achieved based on BB and ACEI subgroup 

allocations males (Table 13.3, p > 0.05). Females classified BBneg / ACEIneg 

showed a rest DBP decrease (Table 13.3, N = 25, ∆DBP = -4.5 mmHg, SD = 9.4, p < 

0.05) while BBpos / ACEIpos showed a rest DBP increase (Table 13.3, N = 87, 

∆DBP = 2.0 mmHg, SD = 9.5, p < 0.05). Two-way MANOVA confirmed no significant 

influence of BB or ACEI subgroup allocations, and no BB*ACEI cross interaction, on 

resting DBP outcomes in either gender. 
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Table 13.4 - Outcomes in peak physiology in MI patients by medication subgroups 

          

  
BBneg BBpos 

 Parameter 
ACEIneg ACEIpos ACEIneg ACEIpos 

 
Mean SD Mean SD Mean SD Mean SD 

Males 

∆HR *9.3 16.5 *9.1 16.8 *9.0 20.5 *9.6 17.3 

∆SBP *9.0 26.7 *9.4 21.5 *9.7 25.1 *9.0 22.1 

∆MIN *2.5 2.1 *2.6 2.7 *2.2 2.4 *2.2 2.3 

Females 

∆HR *11.5 12.5 4.2 13.2 *5.7 14.7 *8.9 17.1 

∆SBP 3.8 14.9 8.7 25.1 *6.3 20.4 *8.7 21.8 

∆MIN *2.8 2.0 *1.9 1.8 *1.9 2.0 *1.9 2.0 

 
 

Statistical analysis involved paired samples t-test of outcomes within groups, and 
two-way MANOVA for differences between groups. *These represented 
significant (p < 0.05) outcomes. No peak physiologic outcome parameters 
showed significant variance across BB or ACEI subgroups.  
 

 

13.2.5 Effect on Peak HR 

Males showed peak HR increases ranging from ∆HR = 9.6 bpm for BBpos / ACEIpos 

(Table 13.4, N = 588, SD = 17.3, p < 0.05) to ∆HR = 9.0 bpm for BBpos / ACEIneg 

(Table 13.4, N = 297, SD = 20.5, p < 0.05). Females showed peak HR increases 

ranging from ∆HR = 11.5 bpm for BBneg/ACEIneg (Table 13.4, N = 25, SD = 12.5, p 

< 0.05) to ∆HR = 5.7 bpm for BBpos/ACEIneg (Table 13.4, N = 51, SD = 14.7, p < 

0.05). Two-way MANOVA showed that BB and ACEI subgroup allocation had no 

effect on peak HR outcomes in either gender (Table 13.4, p > 0.05).  

 

13.2.6 Effect on Peak SBP 

Males showed peak SBP increases ranging from ∆SBP = 9.6 mmHg (Table 13.4, N 

= 588, SD = 17.3, p < 001) in BBpos/ACEIpos patients, to ∆SBP = 9.0 mmHg (Table 

13.4, N = 297, SD = 20.5, p < 001) for BBpos/ACEIneg patients. Females showed 

peak SBP increases ranging from ∆SBP = 8.7 mmHg (Table 13.4, N = 87, SD = 
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21.8, p < 001) in BBpos/ACEIpos patients, to ∆SBP = 6.3 mmHg (Table 13.4, N = 

51, SD = 20.4, p < 001) for BBpos/ACEIneg patients. Two-way MANOVA showed 

that BB and ACEI subgroup allocations had no effect on peak SBP outcomes in 

either gender (Table 13.4, p > 0.05).  

 

13.2.7 Effect on EST Minutes 

Males showed increases in EST minutes of between ∆Mins = 2.6 mins for 

BBneg/ACEIpos (Table 13.4, n = 197, SD = 2.7, p < 0.01) and ∆Mins = 2.2 mins for 

BBpos/ACEIneg (Table 13.4, n = 297, SD = 2.4, p < 0.01) and BBpos/ACEIpos 

patients (Table 13.4, n = 588, SD = 2.3, p < 0.01). Females showed increases in 

EST minutes ranging from ∆Mins = 2.8 mins in BBneg/ACEIneg (Table 13.4, N = 25, 

SD = 2.0, p < 0.01) to ∆Mins = 1.9 mins across all other subgroups (Table 13.4, p < 

0.01). Two-way MANOVA analysis showed that BB and ACEI subgroup allocations 

had no effect on outcomes in EST minutes in either gender (Table 13.4, p > 0.05).  

 

13.3 Discussion 

 

13.3.1 Overview 

Overall the data shows: (a) BB use affected resting HR outcomes in males, but no 

other statistically significant affect of medications on outcomes in resting physiology 

were noted in males or females; (b) in males, the maximal change in resting HR 

outcome was shown in patients not taking either medication, while females taking 

ACEI but not BB medications showed the only resting HR change in women; (c) 

medications did not appear to affect outcomes in peak physiology in either gender.  
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13.3.2 Outcomes in resting HR 

Several BB medications, including bisoprolol, metoprolol and carvedilol, are routinely 

prescribed to manage myocardial ischemia and cardiac arrhythmias in patients with 

coronary artery disease and heart failure [201]. BB medications have been found 

safe for use in CHF patients [202]. As the present data shows, male patients not 

taking either BB or ACEI medications showed the maximum reductions in resting 

HR, whilst females taking ACEI only showed the only statistically significant change 

in resting HR. This finding may suggest that these therapeutic agents may be 

inhibiting changes in resting HR in male MI patients with an aerobic IT intervention.  

 

13.3.3 Outcomes in resting blood pressure 

Exercise can reduce BP in hypertensive patients independently of ACEI medication 

[203]. The present data shows that neither males nor females showed variations in 

resting SBP or DBP outcomes based on medication use. However due to limited 

sample sizes the data above does not include corrections for SB subgroups. Despite 

this limitation, the above data demonstrates that ACEI and BB drugs do not 

significantly influence resting SBP or DBP outcomes in MI patients with the present 

IT protocol. 

 

13.3.4 Outcomes in peak physiology 

Combinations of ACEI and either BB or angiotensin receptor blockers (ARB) 

medication have been shown not to affect exercise capacity with supine cycling 

exercise [204], although these combinations were shown to induce reductions in 

SBP (with the ACEI + ARB) and HR (with the ACEI + BB). Other results [205] show 

that ACEI use may improve walking speed following an extended exercise program 
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(12 months) in older patients aged 70-89 years. The present results show that 

neither BB nor ACEI use significantly influenced peak outcomes in MI patients, 

unlike with non-MI individuals (see Chapter 12). The variations in the outcome 

parameters in MI patients above are also less predictable than in non-MI patients 

based on medication subgroups. The lowest increases in peak SBP were shown for 

patients taking no medications and those taking both BB and ACEI medications 

combined. As with resting outcomes, the previously discussed effect of pre-program 

resting SBP (i.e. SB bands) on trends in peak outcomes should be considered when 

interpreting the above data.  

 

13.3.5 Implications for clinical practice 

The use of BB medication combined with exercise training may complicate exercise 

prescription in clinical settings [206] as has already been shown. Reduced target HR 

levels for prescribing exercise to patients taking BB medications [208] have been 

suggested, while other evidence suggests that BB medications may be well tolerated 

and efficacious in CHF patients undergoing exercise rehabilitation even at higher 

doses. It has also been demonstrated that 12 month treatment with enalapril (an 

ACEI medication), without exercise training, may not improve exercise oxygen 

consumption or other peak physiology parameters in CHF patients with preserved 

ejection fraction [209]. Combined with the present data, this evidence suggests that 

although BB and ACEI medications may be well tolerated, they appear to have little 

influence on exercise rehabilitation outcomes (dependent on the exercise protocol), 

and may inhibit some outcomes such as resting HR for example. 
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While acute cessation of BB medication (i.e. 27 hour period withholding carvedilol) 

does not correct for chronotropic incompetence in CHF patients for example [210], 

and a comparison of the effectiveness of ACEI and BB drugs with exercise for 

improving ventricular mass in patients with left ventricular hypertrophy [211] 

suggested that drugs produced superior results to exercise in this population, there 

is no available evidence from longer-term cessation studies combined with exercise-

based CR programs. Research should ideally account for the same overall grouping 

classifications applied in the present study and others where appropriate. 

 

13.4 Conclusion  

Sustaining an MI event appears to generally lower peak physiologic adaptations 

slightly following an IT-based CR intervention based on BB and ACEI medication 

use. In males, relatively similar peak HR and peak SBP outcomes were shown 

across all medication subgroups, which was not seen in female patients. These 

trends and potential gender differences require further research for confirmation. 
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Chapter 14  
Qualitative: BARE-Q Study 
 
 
 
 
14.1 Introduction to the Chapter  

 

There are various factors of major importance to promoting CR adherence and 

successful rehabilitation. Understanding the barriers to exercise experienced by 

patients, as well as some of the coping strategies employed, support derived from 

the available healthcare service chain, and how all of these relate to the patients’ 

activities of daily living (ADL’s) are crucial. Furthermore the concept of ADL’s is only 

loosely defined at present. This chapter will address the results from the Barriers to 

Rehabilitation Questionnaire or BARE-Q, which aims to provide some insight into 

these various factors from within the same cohort. The chapter begins with a review 

of the scalar responses from the BARE-Q (N = 28), followed by correlation analysis 

of these responses. Theme analysis of responses to the remaining BARE-Q 

questions is then undertaken.  
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14.2 Results  
 
 
14.2.1 Scalar Responses 

Table 14.1 below summarises the scalar response scores from all respondents (N = 

28) for each relevant question from the BARE-Q. In Section B – Pain and Fatigue, 

accounting for nil responses, the total respondents varied from N = 13 (Table 14.1, 

Section B, Question 2, Part B) to N = 20 (Table 14.1, Section B, Question 1, Part B). 

One responder did not answer any of the questions in Section E – Lifestyle and 

ADL’s, leading to one less response (Table 14.1, N = 27) to each of the indicated 

questions for that section.  

 

Table 14.1 – Summary of response data from BARE-Q scalar questions (maximum 
mean score = 5.0). 

 

 

 Question  N Mean SD 

Perceived 
exercise 
barriers 

QA1 Time constraints to exercise participation 28 2.7 1.2 

QA2 Knowledge constraints to exercise 

participation 

28 2.6 1.0 

QA3 Negative exercise history  28 2.5 1.2 

QA4 Cost constraints to exercise participation 28 2.7 1.4 

Pain and 
fatigue 

QB1b Pain constraints to exercise participation 20 2.7 1.1 

QB2b Fatigue constraints to exercise participation 13 2.5 1.2 

QB3b Quality of support relating to pain and/or 

fatigue 

14 3.3 1.4 

Self- 
management 

QC1 Self-perceived: “Control your healthcare” 28 3.8 1.1 

QC2 Self-perceived: “Understand you condition” 28 4.0 0.8 

QC5 Self-perceived: Motivated to change 28 4.0 1.0 

Health 
service chain 

QD2 Information provided by service chain 28 4.5 0.6 

QD3 Involved in planning by service chain 28 4.5 0.6 

QD4 Clear strategy by service chain 28 4.4 0.7 

QD5 Accessible  support by service chain 28 4.6 0.6 

Lifestyle 
& ADL’s 

QE2 Health limiting ADL’s 27 3.4 1.2 

QE3 Health limiting desirable activities 27 3.3 1.2 

QE5 Self-perceived: Adequate sleep 27 3.3 1.3 

QE6 Self-perceived: Adequate diet 27 3.5 0.9 
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Time constraints (Table 14.1, N = 28, Mean = 2.7, SD = 1.2) and cost constraints 

(Table 14.1, N = 28, Mean = 2.7, SD = 1.4) to exercise participation were identified 

as the highest scoring barriers from Section A. Pain constraints (Table 14.1, N = 20, 

Mean = 2.7, SD = 1.1) and fatigue constraints (Table 14.1, N = 13, Mean = 2.5, SD = 

1.2) to exercise participation were also reported in Section B. Health limits to ADL’s 

(Table 14.1, N = 27, Mean = 3.4, SD = 1.2) and desirable activities (Table 14.1, N = 

27, Mean = 3.3, SD = 1.2) were reported from Section E. 

 

14.2.2 Scalar Correlations  

Pearson’s correlations are shown in Table 14.2 for the scalar responses from the 

BARE-Q. As can be seen in this data, Q3 in Section D (“To what extent do you feel 

that your cardiac healthcare service-chain has involved you in the planning of your 

healthcare?”) showed a negative correlation to Section B - Q2b (Table 14.2, 

Pearson’s r = -0.395, p < 0.05), and positive correlations with Section C – Q2 (Table 

14.2, Pearson’s r = 0.530, p < 0.01), the remaining scalar questions from Section D 

(Table 14.2, p < 0.01), and three questions from Section E (Table 14.2: Q2, 

Pearson’s r = 0.459, p < 0.05; Q3, Pearson’s r = 0.441, p < 0.05; and Q6, Pearson’s 

r = 0.403, p < 0.05, respectively). 
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Table 14.2 – Summary of correlation data for scalar responses from the BARE-Q 

                    

    QA1 QA2 QA3 QA4 QB1b QB2b QB3b QC1 QC2 QC5 QD2 QD3 QD4 QD5 QE2 QE3 QE5 QE6 

Barriers 

QA1 1 .655
**
 .324 .417

*
 .085 .140 .096 -.347 -.149 -.267 .041 .010 -.179 -.104 .137 .213 -.133 -.188 

QA2 .655
**
 1 .534

**
 .545

**
 -.101 .192 -.154 -.344 -.252 -.195 -.088 -.151 -.355 -.134 .260 .282 -.033 -.140 

QA3 .324 .534
**
 1 .566

**
 -.154 .007 -.208 .006 .058 .080 .147 .112 .030 .024 .115 .160 .020 -.026 

QA4 .417
*
 .545

**
 .566

**
 1 -.122 .011 -.031 .002 -.056 .018 .118 .147 .008 .146 .258 .276 -.033 -.181 

Pain & 
Fatigue 

QB1b .085 -.101 -.154 -.122 1 .265 .528
**
 -.080 -.334 -.173 -.129 -.321 -.248 -.267 -.376

*
 -.332 -.327 -.416

*
 

QB2b .140 .192 .007 .011 .265 1 .099 -.287 -.498
**
 -.045 -.409

*
 -.395

*
 -.460

*
 -.335 -.158 -.147 -.225 -.110 

QB3b .096 -.154 -.208 -.031 .528
**
 .099 1 .050 -.112 -.141 .131 .055 .158 .091 .027 .059 -.258 -.141 

Self-
Manage 

QC1 -.347 -.344 .006 .002 -.080 -.287 .050 1 .434
*
 .666

**
 .170 .221 .205 .201 -.137 -.143 .167 .439

*
 

QC2 -.149 -.252 .058 -.056 -.334 -.498
**
 -.112 .434

*
 1 .189 .694

**
 .530

**
 .595

**
 .361 .062 .097 .266 .493

**
 

QC5 -.267 -.195 .080 .018 -.173 -.045 -.141 .666
**
 .189 1 .089 .094 .074 .231 -.163 -.132 .299 .283 

Service 
chain 

QD2 .041 -.088 .147 .118 -.129 -.409
*
 .131 .170 .694

**
 .089 1 .609

**
 .569

**
 .551

**
 .121 .207 -.006 .375

*
 

QD3 .010 -.151 .112 .147 -.321 -.395
*
 .055 .221 .530

**
 .094 .609

**
 1 .792

**
 .737

**
 .459

*
 .441

*
 .193 .403

*
 

QD4 -.179 -.355 .030 .008 -.248 -.460
*
 .158 .205 .595

**
 .074 .569

**
 .792

**
 1 .694

**
 .342 .279 .220 .301 

QD5 -.104 -.134 .024 .146 -.267 -.335 .091 .201 .361 .231 .551
**
 .737

**
 .694

**
 1 .369 .316 -.013 .218 

Lifestyle 
& ADL's 

QE2 .137 .260 .115 .258 -.376
*
 -.158 .027 -.137 .062 -.163 .121 .459

*
 .342 .369 1 .938

**
 .224 .255 

QE3 .213 .282 .160 .276 -.332 -.147 .059 -.143 .097 -.132 .207 .441
*
 .279 .316 .938

**
 1 .283 .242 

QE5 -.133 -.033 .020 -.033 -.327 -.225 -.258 .167 .266 .299 -.006 .193 .220 -.013 .224 .283 1 .523
**
 

QE6 -.188 -.140 -.026 -.181 -.416
*
 -.110 -.141 .439

*
 .493

**
 .283 .375

*
 .403

*
 .301 .218 .255 .242 .523

**
 1 

 
Question numbers appear in the top row and the second column; ADL’s = activities of daily living. 
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14.2.3 Natural Remedies 

Based on data from 11 responders from the total pool (N = 28) who indicated that 

they used one or more natural remedy on a regular basis, and only four of these 

positive responders indicated their use of the applicable remedy was professionally 

prescribed. Nil responses were recorded for Q3c in Section C (“Have you discussed 

any natural remedies you may be taking with your GP?”).  

 

 

14.2.4 Patients’ Personal Goals 

Table 14.3 shows that based on the number of total responders (N = 20) to Q4 in 

Section C (“Have you established any personal goals for your health?”), the goals of 

“walking” or “exercise” (N = 9) and “weight management” (N = 8) were the most 

commonly stated personal goals by patients. There were a total of eight non-

responders to this question in the BARE-Q. 
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Table 14.3 – Question C4 from the BARE-Q – patient goals 
 

N (Responders)  20 

Walk/Ex 9 

Weight 8 

nutrition 3 

health 3 

RT/flex 2 

fitness 2 

 
 
 
 

14.2.5 Cardiac Healthcare Service-Chain 

The data in Table 14.4 shows that in response to Q1 in Section D (“In your opinion, 

who are the members of your cardiac healthcare service-chain?”), and based on the 

total number of responders to this question (N = 25), the “CEAP” (host CR) program 

(N = 20), “cardiologist” (N = 20) and “general practitioner or GP” (N = 18) were the 

most common responses. There were three non-responders to this question in the 

BARE-Q. 

 
 

Table 14.4 – Question D1 from the BARE-Q – patient-perceived members of the 

cardiac service chain 

 

  
N (responders) 25 

CEAP 20 

Cardiologist 20 

GP 18 

Nutrition 1 

Osteo 1 

Partner 1 
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14.2.6 Activities of Daily Living (ADL’s) 

As Table 14.5 shows, in response to Q1 in Section E (“In your opinion, what are your 

activities of daily living?”), the most common responses among all responders (N = 

23) were “exercise” (N = 14), “gardening” (N = 8), “housework” (N = 8) and “cooking” 

(N = 7). The least recorded responses (Table 14.7) included “prayer” (N = 1), “yoga” 

(N = 1) and “travel” (N = 1). There were a total of five non-responders to this 

question in the BARE-Q. 

 

Table 14.5 – Question E1 from the BARE-Q – patient-perceived activities of daily 

living (ADL’s) 

  N (Responders) 23 

exercise 14 

gardening 8 

housework 8 

cooking 7 

work 4 

family care 4 

shopping 4 

social 4 

read 2 

TV 2 

sleep/rest 2 

food 2 

pray 1 

yoga 1 

travel 1 
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14.3 Discussion 

A recent systematic review [212] concluded that interventions targeting patient 

perceived barriers to CR participation may improve adherence rates. The emphasis 

on individual patient perception(s) is important since new research is revealing the 

complex nature of barriers to exercise participation. The complex nature of barriers 

to exercise is also seen in other rehabilitation contexts. In spinal cord injury patients 

[213], recent results suggest that the most commonly stated patient-perceived 

barriers to exercise may include factors such as lack of energy, lack of motivation, 

lack of time, not knowing where to exercise, and the costs associated with exercise. 

However the same results demonstrate that these factors were not the strongest 

predictors of non-participation in these patients. The five factors most strongly linked 

with non-participation in the sample [213] included a fear of exercise making their 

condition worse, being too lazy, exercise being too difficult, not knowing how to 

exercise, and a lack of interest.  

 

Thus programming factors which one may assume would affect program adherence 

are likely not as influential on CR adherence as some more fundamental parameters. 

Session durations in CR programs have been suggested to not significantly impact 

on adherence rates [214], for example. Patient perceived self-efficacy however is 

often cited as important [213, 215]. BARE-Q data show that knowledge and a poor 

exercise history scored only slightly lower than time and cost constraints as exercise 

participation barriers. Pain (71.4%, N = 20) and fatigue (46.4%, N = 13) also appear 

to be significant concerns for responders, despite a moderate-high score shown for 

the patient-perceived quality of support relating to these symptoms. These results 

confirm that addressing pain and fatigue, as well as enhancing patients’ exercise 
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self-efficacy, should form important elements of clinical CR interventions. Other 

factors may also be involved for women in particular such as a potential preference 

for women’s only CR groups [216]. Psychological health concerns such as 

depression, anxiety and stress may also significantly impact CR adherence [217], 

and such factors should ideally be addressed in CR programming. Data from Section 

C of the BARE-Q suggests that responders generally “feel” they control their 

healthcare, understand their condition, and are motivated for change. This snapshot 

of perceptions relating to intended health-behaviour may represent a genuine 

opportunity to improve patient self-management, and suggests that the initial 

discussion with the host program’s clinical staff (during which the BARE-Q was 

administered) was positive. Responses from Section D also seem to confirm a high 

degree of patient satisfaction with the cardiac service chain providing adequate 

information, involving the patient in planning their rehabilitation, the service-chain 

having a clear strategy, and the patient having adequate access to this chain. 

However data from Question C4 (refer to Table 14.5) suggests that goal setting may 

require further improvement.  

 

Correlation data shows that patients who felt more involved with the planning of their 

healthcare expressed feeling less limited by fatigue to participate in exercise, 

understood their condition better, “felt” their diet was adequate, yet still scored higher 

in terms of health limiting their ADL’s and desirable activities. This may represent the 

patients’ focus on their primary presentation, implying that they may be assigning a 

lower priority on lifestyle issues. Results from Section E show that overall patients 

felt their health was a significant limit to ADL’s and desirable activities, however 

generally rated their sleep and diet as adequate. While priority assignment may be 
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an issue, other factors may include a lack of understanding among patients of what 

is “adequate” or patients responding to the BARE-Q according to how they want to 

be perceived by staff. The BARE-Q data also shows that 39% (N = 11) of patients 

regularly use at least one natural remedy, and that the majority of these patients had 

not been prescribed these remedies by a health professional. However the data 

does not indicate the types of remedies used, such as those targeting pain or fatigue 

symptoms, or the patients’ heart health. These findings suggest that more in-depth 

investigations of the use of natural remedies by CR patients are needed to determine 

the effects of natural remedies used on CR and other clinical outcomes. A 

consensus statement published by the American College of Cardiology Foundation 

(ACCF) in 2005 on the integration of complimentary medicines into cardiovascular 

medicine [218] discussed the potential risks and benefits to the integration of some 

natural remedies based on the available research at that time. More research is 

needed to confirm the present findings, and to establish optimal guidelines for the 

application and management of complimentary medicines in clinical CR. 

 

14.4 Conclusion  

The BARE-Q study seems to confirm that a limited knowledge relating to exercise, 

poor exercise history, pain and fatigue form significant patient-perceived barriers to 

exercise. Patients who felt more involved with the planning of their healthcare 

generally indicated feeling less limited by fatigue and felt they had a better 

understanding of their condition. More work appears necessary to improve goal 

setting and long-term maintenance planning among clinical CR patients.  
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Chapter 15 
Prospective: NICER Clinical Pilot  
 

 

 

15.1 Introduction to the Chapter  

As the previous chapters have established, clinical CR outcomes that appear highly 

variable when considered superficially may actually be more predictable when the 

data is viewed with appropriate corrections. Whilst many additional factors may also 

be included in the analysis of seemingly variable outcomes, the major factors 

considered in the retrospective areas of the present study (i.e. gender, MI history, 

pre-program resting SBP, metabolic syndrome comorbidities, BMI and age) appear 

to form an effective starting point for future investigations. This chapter will present 

the results of the NICER clinical pilot study undertaken as part of the current project. 

The baseline characteristics of the study population will be outlined initially. This is 

followed by primary and secondary outcomes of the intervention, as well as the 

independent results data from the host program’s own clinical assessments for the 

study population. The purpose of this study is to test the safety and effectiveness of 

the NICER protocol incorporating the novel elements described.  
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15.2 Results 

 
 
15.2.1 Key Demographics 
 
Of the total 14 patients who were enrolled into the pilot, 4 patients (28.6%) did not 

complete the NICER intervention. Table 15.1 shows the key demographic data for 

the participants who went on to complete a minimum four weeks of the total six week 

NICER program (N = 10, males = 7, mean age = 62.5 yrs, SD = 7.075). The most 

common CR and MC classifications were CR-3 (N = 6) and MC-3 (N = 3) 

respectively. 

Table 15.1 – Key demographics of NICER participants 

     
Case Gender Age CR Band MC Group 

1 M 66 3 2 

2 F 61 2 4 

3 M 46 3 3 

4 M 68 3 2 

5 M 63 3 1 

6 M 65 3 1 

7 F 57 4 2 

8 M 72 3 3 

9 F 65 1 0 

10 M 62 4 3 

 
CR Band = cardiac rehabilitation primary classification; MC Group = metabolic 
syndrome comorbidity (secondary) classification. These classifications are detailed 
in Appendix A. 
 
 
15.2.2 Baseline EFC Results 
 
Table 15.2 below summarises the pre-program EFC results measured for all 

participants in the study. The average values for work output (WO = 3065 %m/h, SD 

= 956.0), cardiac rate efficiency (CRE = 37.47 %m.min.(beat.h)-1, SD = 10.7), 

respiratory efficiency (RE = 114.76 %m.min.(breath.h)-1, SD = 48.5) cardiac beat 

efficiency (CBE = 49.14 %m.min.(mmHg.h)-1, SD = 18.6), systolic efficiency (SE = 
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21.82 %m.min.(mmHg.h)-1, SD = 7.2), and diastolic efficiency (DE = 40.41 

%m.min.(mmHg.h)-1, SD = 12.8) are shown (Table 15.2). 

 

Table 15.2 – Pre-program EFC results of NICER participants 

 

                

Case Gender WO CRE RE CBE SE DE 

1 M 2750 29.57 114.58 55.00 20.52 32.74 

2 F 1500 21.43 71.43 15.31 8.52 19.23 

3 M 5000 50.51 238.10 74.63 32.89 58.82 

4 M 4200 42.86 93.33 65.63 31.34 60.00 

5 M 2750 29.57 152.78 62.50 22.18 34.38 

6 M 3450 54.76 88.46 65.09 27.82 48.59 

7 F 2750 31.61 101.85 34.81 16.57 31.61 

8 M 2750 46.61 101.85 36.67 18.97 39.29 

9 F 2750 36.18 83.33 47.41 19.93 34.38 

10 M 2750 31.61 101.85 34.38 19.50 45.08 

Averages 3065 37.47 114.76 49.14 21.82 40.41 

SD 956.0 10.7 48.5 18.6 7.2 12.8 

 
The EFC parameters are detailed in section 3.5.5. WO = work output; CRE = cardiac 
rate efficiency; RE = respiratory efficiency; CBE = cardiac beat efficiency; SE = 
systolic efficiency; DE = diastolic efficiency. 
 
 
15.2.3 Post-Program EFC Primary Outcomes 
 
The primary post-program EFC outcome factors (i.e. post-program values divided by 

pre-program values) are summarised in Table 15.3. Average outcome factors were 

WOf = 2.42 (Table 15.3, SD = 0.7, p < 0.01), CREf = 2.28 (Table 15.3, SD = 0.7, p < 

0.01), REf = 3.83 (Table 15.3, SD = 1.2, p < 0.01), CBEf = 3.12 (Table 15.3, SD = 

1.5, p < 0.01), SEf = 2.70 (Table 15.3, SD = 1.0, p < 0.01), and DEf = 2.44 (Table 

15.3, SD = 0.7, p < 0.01). As summarised in Figure 15.1, all participants were able to 

complete minimum Stage 6 of the EFC assessment, with 3 cases completing the full 

ten-stage EFC protocol. 
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Table 15.3 – Post program EFC outcomes of NICER participants 

 

                

Case Gender WOf CREf REf CBEf SEf DEf 

1 M 2.45 2.85 4.91 2.36 2.51 2.61 

2 F 3.90 3.29 5.46 5.54 4.64 3.85 

3 M 1.74 1.87 1.74 1.91 1.81 1.74 

4 M 1.83 1.80 4.58 2.30 2.08 1.92 

5 M 3.16 3.06 3.16 3.76 3.32 3.12 

6 M 2.52 2.09 4.10 2.30 2.44 2.56 

7 F 2.80 2.90 5.04 6.14 4.04 3.08 

8 M 1.82 1.19 3.27 2.35 2.06 1.82 

9 F 1.82 1.63 2.22 2.11 1.87 1.73 

10 M 2.13 2.13 3.83 2.40 2.19 1.97 

Average 2.42* 2.28* 3.83* 3.12* 2.70* 2.44* 

SD 0.7 0.7 1.2 1.5 1.0 0.7 

Min 1.7 1.2 1.7 1.9 1.8 1.7 

Max 3.9 3.3 5.5 6.1 4.6 3.9 

 
The EFC parameters are detailed in section 3.5.5. The outcomes shown represent 
factors given by calculating post-program / pre-program values for each parameter. 
WOf = work output factor; CREf = cardiac rate efficiency factor; REf = respiratory 
efficiency  factor; CBEf = cardiac beat efficiency factor; SEf = systolic efficiency 
factor; DEf = diastolic efficiency factor. *All average outcome factors represented a 
significant change (p < 0.01). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15.1 – Pre- and post-program EFC stage completion by NICER participants. 
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15.2.4 Post-Program EFC Secondary Outcomes 

Table 15.4 summarises the EFC secondary outcomes including changes in direct 

physiological measures at various stages of testing. Outcomes in resting physiology 

were ∆HRrest = -2.4 bpm (SD = 10.3, p > 0.05), ∆SBPrest = -4.2 mmHg (SD = 9.0, p > 

0.05), ∆DBPrest = 0.3 mmHg (SD = 4.1, p > 0.05), and ∆RRrest = -3.0 Bpm (SD = 3.2, 

p < 0.05). The peak physiology outcomes were ∆HRpeak = 6.9 bpm (SD = 15.0, p > 

0.05) and ∆RRpeak = -12.9 Bpm (SD = 10.5, p < 0.05). The observed outcomes in 

cool-down physiology measures reaching statistical significance were ∆HRCD = -5.4 

bpm (SD = 6.2, p < 0.05), ∆SBPCD = -12.7 mmHg (SD = 16.5, p < 0.05), and ∆RRCD 

= -8.4 Bpm (SD = 5.4, p < 0.05). 
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Table 15.4 – Secondary EFCe physiologic measures from NICER participants 

  
Rest Peak CD Rec1 Rec3 

    HR SBP DBP RR HR RR HR SBP DBP RR HR SBP DBP RR HR SBP DBP RR 

1 

Pre 87 123 79 12 84 24 89 134 84 21 78 127 76 15 80 133 81 18 

Post 65 129 76 12 91 18 78 135 79 12 71 131 74 12 67 118 77 12 

Delta -22 6 -3 0 7 -6 -11 1 -5 -9 -7 4 -2 -3 -13 -15 -4 -6 

2 

Pre 61 151 80 18 84 27 77 176 78 18 55 170 75 18 54 157 71 18 

Post 64 127 78 12 91 18 69 148 79 12 68 132 84 12 68 124 75 12 

Delta 3 -24 -2 -6 7 -9 -8 -28 1 -6 13 -38 9 -6 14 -33 4 -6 

3 

Pre 74 114 77 15 105 24 96 152 85 18 89 145 85 15 78 141 88 15 

Post 67 124 84 15 92 21 81 146 85 15 66 125 81 15 68 132 78 15 

Delta -7 10 7 0 -13 -3 -15 -6 0 -3 -23 -20 -4 0 -10 -9 -10 0 

4 

Pre 70 124 74 21 98 45 98 134 70 30 92 119 68 24 69 118 78 24 

Post 72 120 76 15 100 18 90 118 67 15 72 111 67 15 71 115 69 15 

Delta 2 -4 2 -6 2 -27 -8 -16 -3 -15 -20 -8 -1 -9 2 -3 -9 -9 

5 

Pre 81 118 78 12 100 18 89 124 80 15 76 116 78 15 75 124 83 15 

Post 69 112 76 15 96 18 83 118 81 15 70 113 74 15 67 127 79 12 

Delta -12 -6 -2 3 -4 0 -6 -6 1 0 -6 -3 -4 0 -8 3 -4 -3 

6 

Pre 54 123 70 21 67 51 61 124 71 33 56 139 70 24 53 135 65 21 

Post 54 122 74 15 76 24 64 128 70 18 56 123 70 12 57 117 73 12 

Delta 0 -1 4 -6 9 -27 3 4 -1 -15 0 -16 0 -12 4 -18 8 -9 

7 

Pre 70 136 72 15 89 42 76 166 87 27 81 165 92 18 79 157 95 18 

Post 69 129 69 12 95 15 75 115 79 12 70 120 81 12 68 123 80 12 

Delta -1 -7 -3 -3 6 -27 -1 -51 -8 -15 -11 -45 -11 -6 -11 -34 -15 -6 

8 

Pre 56 130 69 18 58 30 85 145 70 21 72 121 65 18 74 111 64 18 

Post 73 123 72 12 103 15 80 128 70 12 75 122 72 12 71 125 68 12 

Delta 17 -7 3 -6 45 -15 -5 -17 0 -9 3 1 7 -6 -3 14 4 -6 

9 

Pre 62 121 78 15 76 33 70 138 80 24 68 132 82 15 68 125 79 15 

Post 64 118 81 12 85 27 75 134 84 15 68 127 79 12 67 124 82 12 

Delta 2 -3 3 -3 9 -6 5 -4 4 -9 0 -5 -3 -3 -1 -1 3 -3 

10 

Pre 80 134 68 15 94 27 83 141 61 15 76 149 59 15 70 145 64 12 

Post 74 128 62 12 95 18 75 137 66 12 72 134 68 12 74 128 65 12 

Delta -6 -6 -6 -3 1 -9 -8 -4 5 -3 -4 -15 9 -3 4 -17 1 0 

Av ∆ -2.4 -4.2 0.3 -3.0* 6.9 -12.9* -5.4* -12.7* -0.6 -8.4* -5.5 -14.5* 0.0 -4.8* -2.2 -11.3* -2.2 -4.8* 

SD 10.3 9.0 4.1 3.2 15.0 10.5 6.2 16.5 3.9 5.4 10.7 16.2 6.5 3.8 8.5 15.3 7.4 3.2 
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Pre = pre-program results; Post = post-program results; Delta = difference between 
post- and pre-program results; Peak = results at the end of the EFC; CD = cool-down 
results; Rec1 = results after 1 minute recovery time; and Rec3 = results after 3 
minutes recovery time. 
 
 

15.2.5 Post-Program Independent 6MWT Outcomes 

Table 15.5 summarises the available 6MWT results (N = 7, males = 6), with three 

patients within the overall study population not completing the independent CR 

program outcomes assessment process. Average pre-program 6MWT distance = 

537.4 m (SD = 99.7), with the average post-program 6MWT distance = 620.9 (SD = 

105.8), yielding an average ∆6MWT distance = 83.4 m (SD = 45.9, p < 0.05). 

 
 

Table 15.5 – Outcomes of the independent 6MWT data from NICER participants 
 

 
 
 
 
 
 
 
 
 
 

 

 

 

Pre = pre-program result; Post = post-program result; Delta = difference between 

post- and pre-program results; ID = gender classification (M = male, F = female). 

 

  

  
6MWT Distance 

Case ID Pre Post Delta 

1 M 495 530 35 

2 F 462 510 48 

3 M 715 760 45 

4 M 410 536 126 

5 M 525 590 65 

6 M 555 670 115 

7 F NC 

8 M NC 

9 F NC 

10 M 600 750 150 

Averages 537.4 620.9 83.4* 

SD 99.7 105.8 45.9 
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15.3 Discussion 

15.3.1 Overview 

Overall, program adherence was acceptable at 71.4% and is comparable to other 

results reported elsewhere previously [219] and in the present retrospective studies 

(Chapter 4). All patients within the pilot study completed a minimum of 4 weeks of 

the NICER program. The demographic data above shows that the majority of 

patients within this pilot were classified as CR-3/MC-3. Thus the current outcomes 

data would most appropriately be compared with findings in MI patients from the 

retrospective investigations. In terms of patient SB classes (based on pre-program 

resting SBP levels), none of the patients were assessed as hypotensive (i.e. SB1), 

while the majority of patients appeared to be normotensive (SB2 = 6, SB3 = 4). 

These findings again highlight the appropriate SB classifications for outcome 

comparisons, although it should be clearly recognised that outcomes from the 

present small-sample pilot cannot be generalised with the current cohort. 

 

15.3.2 Pre-program findings 

Pre-program primary EFC results show that the average measured baseline WO = 

3065 %m.h-1 (SD = 956.0) and that the majority (N = 7) of patients were only capable 

of completing Stage 1 (N = 1) to Stage 3 (N = 6) of the present EFC assessment 

protocol (see Figure 15.1). The average pre-program 6MWT distance of 537.4 (N = 

7, SD = 99.7) shown above was lacking data from three patients, who did not 

complete the independent host-program’s outcomes assessment process, usually 

scheduled in week six of that program. For these latter patients, the EFC 

assessment data collection performed at various stages during the trial was used, 

with the last completed EFC test data being included in the present analysis.  
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15.3.3 Rehabilitation rationale 

It is important to recall that the primary objectives within the rationale for the NICER 

intervention is that the rehabilitation of CR patients should focus on improving resting 

physiology (i.e. correct pre-program physiology deviations from expected norms), 

improve functional capacity through exercise (combined aerobic ET and IT in the 

present case), and stabilise peak physiology to levels expected within the aerobic 

threshold. A recently proposed clinical IT protocol involves ten lots of 60 sec intervals 

at intensities approximating 90% maximum work capacities [162], with 60 sec rest 

intervals between bouts. This protocol is based on findings showing that low-volume 

high-intensity IT may be as effective at delivering beneficial physiological adaptations 

as ET. One current study being conducted in the UK [220] aims to compare the use 

of ET and IT in the outpatient CR context. The NICER protocol is based on a 

combination of ET and IT exercise, each with a specific purpose as described later. 

 

15.3.4 Functional breathing training (FBT) 

One of the main elements of the NICER protocol is the functional breathing training 

(FBT) described earlier. With FBT, patients appear able to improve respiratory 

efficiency by an average of 383% (REf = 3.83, SD = 1.2, p < 0.001), and this was the 

most clinically significant outcome of the present NICER pilot study. The impact of 

respiratory limitations on exercise capacity in CR patients is emerging as a topic of 

interest in the literature, particularly in patient with compromised LVEF such as CHF 

cases. Earlier work had shown that exercise may lead to hyperventilation in CHF 

patients [188], while research some time later suggested that LV systolic dysfunction 

(LVSD) may cause inspiratory muscle weakness, thereby compromising respiratory 
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dynamics in CHF patients especially during exercise [221]. More recent studies 

seem to confirm these earlier findings, suggesting that an intolerance to exercise and 

abnormal breathing both seem to be worse with increased severity in CHF [115]. LV 

diastolic dysfunction (LVDD) may also increase respiratory rate [222], compounding 

physiological limits to exercise. LVDD and LVSD cause similar alterations in 

ventilatory function (i.e. reduced peak oxygen consumption and reduced tidal 

volumes) during exercise [222], thereby significantly compromising functional 

capacity. Blood flow may also be preferentially directed to inspiratory muscles and 

away from skeletal vascular beds during exertion in CHF patients [223]. Given such 

evidence, it is important to consider the role that improper breathing pattern and 

respiratory limitations can have on functional capacity in CR patients generally and 

patients with a compromised LVEF in particular. 

 

Much of the clinical research into respiratory limitations to exercise performance is 

currently centred on presentations such as chronic obstructive pulmonary disease 

(COPD), which is an umbrella term referring to various conditions in which the 

airways are chronically obstructed, thereby restricting respiratory function. 

Respiratory training [224] involving deep and slow breathing patterns has been 

shown to improve baroreceptor-reflex sensitivity (BRS) and other important 

physiologic parameters through improvements in ventilatory function. Reviewers 

investigating breathing retraining in COPD patients [225] regularly highlight the 

benefits of various forms of respiratory training. In flow-limited COPD [226], patients 

have reduced tidal volume (with a consequent increase in physiological dead space), 

VO2max and inspiratory capacity both at rest and during exercise. These combined 

factors severely compromise ventilatory capacity during exertion, leading to lower 
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oxygen partial pressures and higher CO2 partial pressures in flow limited COPD 

patients. Similar compromises in respiratory function have also been reported in 

CHF patients [188], with a high degree of variability in tidal volume and respiratory 

frequency and specific patterns being associated with greater reductions in 

functional capacity. The FBT incorporated into the present NICER protocol appears 

to potentially deliver improvements in these same tidal volume and respiratory rate 

parameters. The improvement in respiratory efficiency (RE) reported above partially 

explains how patients within the NICER intervention on average were able to 

perform 242% more work (WOf = 2.42, SD = 0.7, p < 0.001) during the post-program 

EFC assessment, but also indicates that this extra workload was undertaken with 

fewer breaths per minute. Thus each breath becomes more efficient in the task of 

gas exchange, thereby reducing the overall cardiovascular burden during exercise. 

 

15.3.5 Effective functional capacity 

The reduced burden on the cardiovascular system described above in NICER 

participants is reflected in the concomitant and significant increases in the remaining 

cardiovascular efficiencies. Cardiac rate efficiency (CRE) which represents the ratio 

of WO:HRpeak, and cardiac beat efficiency (CBE) representing the ratio of WO:pulse 

pressure (i.e. SBP minus DBP pressures), were both significantly increased post-

program, as were the more direct measures of systolic efficiency (SE = ratio of 

WO:SBPpeak) and diastolic efficiency (DE = ratio of WO:DBPpeak). However these 

outcomes also reflect the potential effectiveness of NICER exercise prescription 

framework  overall, based on combined ET and IT modalities. Each exercise 

modality and variation to training in a clinical setting was expected to produce a 

differing set of adaptations given that the challenges posed by each type of exercise 
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were different. Previous chapters have described both ET [71, 72] and IT [70, 96] in-

depth. Our focus in this chapter is the interpretation of the outcomes from the 

present combined ET and IT program. 

 

15.3.6 Implications for clinical practice 

As discussed previously, IT may compensate for age-related decline in systolic and 

diastolic heart function [157], and may produce improvements in left ventricular 

structure and function, and ejection fraction [156], as well as improved myocardial 

perfusion and reduced resting HR [158]. Hypertensive patients have also been 

shown to achieve reductions in blood pressure following IT [88, 159, 160], and 

hypertensive females may generally have better LV function than males in patients 

with hypertrophy [185]. Clinical responses to IT may include physiological 

adaptations early with structural adaptations occurring in the longer term [15].  

 

When combined with RT, IT interventions may produce better improvements in flow-

mediated dilation [99]. Functional capacity improvements with IT have been 

extensively reported, including increases in peak O2 uptake [165] and VO2 max 

[166]. The SMARTEX-HF study [167] currently under way should provide more 

extensive results elaborating the extent to which IT may deliver myocardial function 

improvements in heart failure patients. However these results represent a different 

rationale to CR practice, unlike that applied in the present pilot study. 

 

The NICER intervention was developed to improve functional capacity within each 

patient’s own “comfort zone”, defined here as exertion within the aerobic zone or first 

ventilatory threshold (VT1). Therefore the NICER program is designed to improve 
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submaximal functional capacityinitially,  rather than aiming directly for maximal 

increases in peak physiology. The latter set of parameters may be of more use 

prognostically than submaximal measures, but may not necessarily reflect the 

functional capacity of individuals during normal daily submaximal exertion. 

Furthermore, the capacity of an individual to sustain elevated HR and BP during 

exertion does not necessarily mean that this exertion is physiologically efficient. The 

NICER pilot objectives involved training patients to be capable of doing more work 

with less physiological burden, thereby improving their tolerance for exertion and 

expanding the potential for functional capacity improvements with ongoing training. 

Figure 15.1 shows that all patients were able complete Stage 6 of the EFC 

assessment post-program as a minimum (N = 2), with the majority of patients able to 

complete Stage 8 or higher (N = 1 for Stage 8, N = 2 for Stage 9, and N = 3 for Stage 

10, respectively). When compared with only one patient able to complete Stage 6 as 

a maximum pre-program, we can clearly see an improvement in total exertion 

capacity across the cohort.  

 

This finding combined with the increases in the physiological efficiencies observed 

appear to confirm that patients were indeed able to perform greater exertion levels 

for similar or reduced physiological burden. These improvements were delivered by 

capping the targeted maximal peak HR based on observations during the EFC 

assessment, prescribing ET to improve endurance capacity while using IT to 

promote a higher maximal exertion tolerance and enhanced function of regulatory 

and recovery mechanisms (based on the AEPM and CAP), and improving both 

central and systemic efficiencies by maximising respiratory efficiency through FBT. 
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Improvements in both functional capacity and resting and peak physiology can also 

be confirmed through the observed 6MWT data made available through the 

independent host program’s outcomes assessment process and the secondary EFC 

outcomes representing direct physiologic measurements as part of the NICER EFC 

process. Three of the total seven patients for which independent 6MWT data was 

available showed increases between 115 – 150m in the 6MWT distance post-

program, with the overall average increase of 83.4m across all seven patients also 

indicative of significant increases in this parameter. As these data were assessed 

independently of the NICER intervention and by staff from the host-CR program, 

they were not subject to bias.  

 

Secondary EFC outcome data from the present cohort also shows improvements in 

resting, peak, cool-down and recovery parameters. Only the change in RR achieved 

statistical significance based on the present small cohort pilot data (the same 

limitation of sample size is applicable in other cases also). During peak exertion, HR 

appeared elevated while RR was significantly reduced. Peak measures of SBP and 

DBP were not practical based on facility limitations, and this should be addressed in 

future research to afford better resolution of the effects of the short cool-down period 

on physiologic responses. After the cool-down period of one minute, average 

reductions in HR, SBP and RR were observed. There were continued average 

reductions in these same parameters during HRR1 and HRR3 periods post-program. 

These findings suggest improvements in physiologic function at-rest and during peak 

exertion, as well as into recovery periods, as a result of the present NICER 

intervention.  
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Importantly, the measure of improvement in each of these parameters here is related 

back to the primary objectives of the NICER intervention rather than measures 

usually adopted within the literature or used within current CR practice. We 

discussed previously the observed increases in peak HR and SBP and variable 

responses at rest shown for the host CR program at Westmead hospital (used here 

as the comparison intervention). Using the EFC cool-down observations above as 

pseudo-peak measurements (given the continuous exertion was maintained but at a 

reduced intensity for 1 minute), we see that the NICER cohort showed reduced peak 

HR and SBP, unlike those generally shown within data for the comparison 

intervention. This would confirm the achievement of greater work outputs with 

reduced cardiovascular burden, in-turn leading to improved recovery, within the 

NICER intervention. This relates to the difference between the cardiologic 

prognostic/medical follow-up type of current CR practice and the extended 

rehabilitation-based primary objectives of the NICER intervention which aim instead 

to enhance physiological efficiencies during submaximal exertion and build functional 

capacity to extend each individual’s exertion limits.   

 

An important feature of the NICER intervention not elaborated above is the clinical 

utility of the EFC assessment protocol. Overall the bi-phase EFC protocol, combining 

both the EFCe and EFCi assessments, demonstrated clinical usefulness. However 

as noted previously, the data relating to the EFCi component in the present small 

cohort was not included here since several patients were not able to perform this 

second test pre-program. Despite this, the EFCi component was found to be readily 

applicable during later stages of the NICER program, subsequent to the first 2-3 

weeks of training. Future research with larger cohorts should ideally incorporate the 
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EFCi assessment phase following week 2-3 of the CR intervention. Thus the current 

discussion will focus on the application of the EFCe assessment phase.  

 

The EFC direct physiologic measures are similar to other assessment protocols, 

although the cool-down and recovery observations are not consistently reported in 

maximal or other submaximal protocols. Heart rate recovery at 3 minutes post-

exercise (HRR3) has been demonstrated to be a good independent predictor of all-

cause and CVS mortality in patients with CAD [227]. All of the alternative outcomes 

assessment protocols discussed in this present study report direct physiological 

measures and changes in these post-program. However the NICER EFC protocol 

applied here reports additional derived parameters not used elsewhere. The primary 

EFC outcomes including WO and physiologic efficiencies allow the performance of 

the cardiovascular and pulmonary systems to be assessed from multiple 

perspectives. These measures show the relative physiologic exertion of the heart 

(chronotropic CRE, and inotropic CBE and SE) and respiratory system (RE), 

determined per unit of work output (i.e. %m.h-1). Thus the performance of the 

physiological regulatory and recovery homeostatic mechanisms can be evaluated at 

different levels of exertion throughout the EFC assessment. These efficiency 

measures may be more clinically relevant within a rehabilitation context than 

maximal physiologic measures, and can also be applied in other physiological testing 

environments including sports science.  

 

Finally, the patient motivation strategy and integrated education program features of 

the NICER intervention also appear to be well received, with patients reporting 

healthy behaviour changes tending towards more exercise at home, healthier 



 

243 
 

nutrition, better sleep patterns and more active lifestyles generally. Patients also 

reported feeling more confident in their level of knowledge and self-management. No 

outcome measures for either the motivation strategy or education program were 

included in the present pilot study due to scope limitations. However these features 

should be evaluated for effectiveness during the planned and approved follow-up 

RCT, requiring the development of an evaluation tool for pre- and post-program 

application. 

 

15.4 Conclusion 

The NICER intervention was shown to be safe, with no adverse events reported. 

Significant improvements were noted among participants in terms of resting and 

peak physiology, as well as functional capacity parameters, as defined by the NICER 

rationale for CR. The randomised control trial already approved as a follow-up to the 

present pilot study will help to confirm the relative effectiveness of the NICER 

intervention. 
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Chapter 16  
Integrating the findings 
 

 

16.1 Introduction to Chapter 

Factors influencing clinical outcomes are discussed frequently in health contexts, 

and more specifically within the context of cardiac rehabilitation (CR). In this section 

we consider some of the important differences arising from the present findings, 

between the genders in the CR setting (hypothesis 1 for the retrospective studies). 

This is followed by consideration of the effects of primary (MI history) presentation 

and comorbidities on outcomes (hypothesis 2 for the retrospective studies). Exercise 

and pathology-specific CR practice are then discussed (tying together the overall 

retrospective results), along with psychosocial programming issues (addressing the 

hypotheses for the BARE-Q study) and results from the NICER intervention. We 

discuss the evidence from all the component studies comprising the present project 

overall and how these relate to the current literature.  

 

16.2 Gender and Outcomes 

 

16.2.1 Program uptake and completion 

One of the primary goals of CR programs and frameworks as we’ve already seen, is 

to encourage patient referral, uptake and adherence, although gender differences in 

these factors do exist. Outpatient CR remains highly under-utilised in women [216], 

despite evidence that self-reported quality of life (QoL) measures including 

contentment, vitality and sleep quality are lower in women following a myocardial 

infarction (MI) than men [228]. The present data shows that the sample sizes of 
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female subgroups are consistently and quite significantly smaller across all of the 

retrospective investigations. However it is unclear if this difference in group sizes 

relates to differential referral or uptake rates, or a combination of both [152]. The size 

of female subgroups in the present study prevented analysis based on MC 

classification in all cases, and this represents a key study limitation. Whilst this 

shortfall may be rectified for the purposes of the present research by simple 

measures such as expanding the study to include more patients, these findings may 

confirm the need to place a greater emphasis on improving the take-up and 

adherence rates of outpatient CR in women. 

 

Once patients begin an outpatient CR program and we begin to look at adherence 

rates, males may be more likely to complete a CR intervention [133], with other 

evidence suggesting that the barriers to participation in CR may differ for men and 

women [131], in terms of common barriers relating to the group format commonly 

used in outpatient CR settings. Men who had a sedentary lifestyle and obesity were 

found more likely to complete CR, while women who had a partner were more likely 

to complete the same intervention. There also appears to be a gender difference in 

attitudes towards various components of CR [229] as well as those delivering the 

program (i.e. females preferring nurse-led while males prefer OT-led programs). 

However there have been reports of some potential programming solutions to some 

of these issues. Peer support programs to promote physical activity following CR, for 

example, may potentially be useful towards promoting long-term adherence 

particularly in females and older patients [149].  
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16.2.2 Gender and differences in pre-program data 

Clues to the differences noted in the present retrospective studies in terms of 

baseline clinical and demographic data can be found within the literature. 

Hypertension may be more prevalent in men until the age of 59 years [33], after 

which there appears to be greater morbidity in females resulting from hypertension, 

with women also showing lower HDL and higher TGL levels, while men show higher 

LDL levels. There may also be differences in terms of the characteristics of male and 

female CR patients, including the overall medical history profiles and varying 

treatment strategies between men and women with CHF [230], for example. The 

reported gender difference in the decline in adaptive mechanisms with age [161] 

may help to explain some of the differences in the prevalence of age-related 

diseases between genders. Relationships between CVS and MetS disease risks, 

and factors such as age and sex hormones yield differential risks of various disease 

states in males and females with age [231]. A difference in the prevalence of 

atherosclerosis within the coronary beds of men and women has also been 

demonstrated [232], with women shown to have a lower incidence of CAD than men 

(particularly in patients under 60 years of age).  

 

Large sample data from one report has also shown that among patients admitted to 

hospital with stroke [233] (ie. a closely related CVD as previously discussed), 

females had a 50% higher 30-day post-hospitalisation mortality rate but this 

difference disappeared once the data was corrected for age and comorbidities. This 

same data also showed that females were more likely to have comorbidities like 

atrial fibrillation (AF), anaemia, and CHF, while males were more likely to have 

chronic kidney disease (CKD). Among patients in one study admitted following an MI 
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event, 30-day mortality was found to be higher in women following stent and/or 

angioplasty [234]. The same data also suggests that women on average were older 

on admission, had a higher incidence of hypertension, diabetes, complete AV block, 

and RV infarction. The present retrospective data (refer to Chapters 4-13) once 

again do not appear to present uniform trends which can be easily summarised in 

relation to comorbidity prevalence and gender, although differences were noted 

which differed in nature, scale and clinical significance. The American Heart 

Association conducted a large study [235] confirming the higher mortality trend in 

females, demonstrating that in young patients (<45 yrs) the quality of care may be 

lower and mortality higher in women compared with men. The prevalence of 

comorbidities within the present retrospective studies did show differences in some 

instances between males and females, but these were highly variable based on the 

particular parameter being considered, and not easily summarised into clear trends 

for generalisation (refer to Chapters 4-13 for these results). 
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16.2.3 Outcomes in peak physiology 
 
Differences were seen in the present retrospective studies in post-program 

outcomes in peak physiology,  between males and females. A study reporting on 

gender differences in EST parameters [173] demonstrated that both resting HR and 

HRR differ between genders, perhaps partially explaining the observed differences in 

exercise capacities between males and females. Earlier evidence [172] had also 

shown that peak SBP, DBP and changes in these from resting levels are all higher 

generally in men during maximal treadmill EST, with these parameters increasing 

with advancing age. In hypertensive patients [175], EST data has shown that the 

HR-corrected QT interval (QTc) is longer in females but QT dispersion (QTd) is 

higher in males. There is also the potential for more indirect factors to impact on 

peak outcomes differently between genders. For example, exercising on the 

treadmill while carrying loads (15 and 20 kg) produces fatigue quicker and increases 

the risk of adverse cardiovascular events more significantly in females [174]. While a 

range of differences were indeed noted within the present retrospective studies 

between genders in terms of peak physiologic adaptations to the host outpatient CR 

intervention, these were again variable in nature, scale and significance, and did not 

appear to represent uniform trends. 

 

16.2.4 Outcomes in resting physiology 
 
Outcomes in resting physiology are very important towards risk reduction in CR 

patients, and there are differences between the genders in relation to factors 

potentially impacting on resting physiology. Women may not be as easily affected by 

asymptomatic ventricular arrhythmias, whereas these are a significant risk factor for 

sudden cardiac death following MI in men [236]. However there is also evidence 
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showing that women may more often experience bradycardia and Bezold-Jarisch 

(i.e. combined bradycardia and BP drop) following coronary occlusion than men, 

suggesting a possible gender difference in vagal activation [237]. A significant 

gender-based difference in postural cardiac autonomic function has also been 

reported [183], potentially explaining gender differentials in the tolerance of 

orthostatic (i.e. postural) changes, as well as an observation of reduced BRS in both 

genders with age observed in those findings. The HyperGEN study [195] 

demonstrated a gender difference in diastolic function in hypertensive patients, with 

men showing slower early diastolic LV filling than women. This may help explain 

differentials in CHF presentations, for example, between genders. Data from the 

present retrospective studies suggests that females in several subgroups achieved 

higher average changes in resting HR and/or resting SBP than males, in patients 

with and without MI history. Thus females may potentially gain more benefits at rest 

from completing a CR intervention. However the smaller female group sizes was a 

confounding factor affecting the interpretation of the actual significance of these 

gender differences.  

 
 

16.2.5 Gender and comorbidities 

Differences in comorbidity presentations between genders is also important in 

outpatient CR settings. In cases of stable angina,it has been suggested that there is 

a greater prevalence of left ventricular (LV) dysfunction in men based on earlier 

evidence [238]. Cardiac events have been shown to occur more frequently in men 

than women in those with known or suspected CAD [239], evaluated and followed-up 

with echo and ECG for 3+ years, with Echo and ECG found to be equally prognostic 

in both genders. Some evidence has suggested that female CAD patients with MetS 
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achieve reduced CR outcomes but these were not shown to be affected by MetS in 

men [32]. In patients with AF, women had greater comorbidity levels and lower QoL, 

a greater rate of CHF with preserved systolic function and an increased risk of stroke 

[240]. Data from the CHARM trial [241] showed that hyperkalemia risk in CHF is 

increased with age (>/= 75), male gender, baseline hyperkalemia, renal failure, 

diabetes or RAAS blockade with candesartan (ARB), which may independently 

cause hyperkalemia. Smaller female subgroups in the present retrospective studies 

prevented effective outcome analysis based on MC classifications as was applied in 

males. Therefore identifying if a significant gender differential exists in terms of the 

impact of comorbidities on clinical outcomes remains an important research question 

requiring larger data sets to answer.  

 

16.2.6 Functional capacity and exercise physiology 

Age, gender and lifestyle factors have been shown to affect HR and HRV even in 

healthy individuals [242]. While some evidence suggests that healthy women may 

derive more cardiovascular benefits from exercise training than men after correcting 

for sedentary behaviour [243], broad generalisations relating to outcomes are difficult 

as there are some specific gender differences affecting adaptive responses to 

exercise training. In women over 60 years of age for example, exercise may improve 

HRV (which has important implications beyond CVS and respiratory systems) but 

may not improve VO2max [244]. A dominance of sympathetic vascular regulation in 

men and parasympathetic regulation of HR in women [176] have also been 

demonstrated. Later evidence suggests that women may show a lower central 

sympathetic effect on the peripheral resistance of the circulation, as well as a 

reduced vasoconstrictor response to such neural regulation [245]. And although 
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cardiac output (Q) and VO2max relationship during incremental exercise is similar in 

both genders at lower levels of exertion (i.e. the regressions have similar intercepts), 

the slopes of the linear equations have different slopes [184]. This effectively means 

that VO2max increases may be higher in men than women for the same increase in 

cardiac output. Female gender may however be an independent predictor of better 

LV function in hypertensive patients with hypertrophy [185]. Gender differentials in 

peak EST duration outcomes from the present retrospective studies of the host 

intervention at Westmead hospital are variable, although males generally achieve 

slightly higher increases in EST durations post-intervention.  

 

 
16.3 Impact of Met-S 

16.3.1 Comorbidities and outcomes 

Patients, and particularly females, with CAD and Met-S were shown elsewhere to 

achieve reduced outcomes [32] following an intensive 3-week (6 days per week, 2 

sessions per day) rehabilitation program. The potential impacts of individual Met-S 

component conditions (i.e. abdominal obesity, hypertension, dyslipidemia, and 

insulin resistance) on CVD risk, especially in women, have also been demonstrated 

[33]. Retrospective data presented in Chapters 4-13 show variable gender 

differences in outcomes and the prevalence of comorbidities, which are difficult to 

generalise.  For example in non-MI patients, SB1 (i.e. hypotensive) females 

achieved slightly greater resting SBP increases than SB1 males, while equivalent 

resting SBP decreases were shown for SB3 males and females. 
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16.3.2 Systolic function 

From the literature, left ventricular hypertrophy prevalence in those with Met-S has 

been shown to be high based on data from the Strong Heart Study [50]. Generalised 

LV dysfunction (as measured by myocardial performance index) was wshown to be 

more prevalent in those with Met-S [51]. It was also demonstrated that LV systolic 

and diastolic dysfunction was more prevalent in patients with Met-S even before 

LVEF is affected or reduced [52]. Met-S and insulin resistance were more recently 

confirmed as independent predictors of LV dysfunction [246]. The latter report 

highlights that whilst elevated blood pressure was a contributor to the development 

of LV diastolic dysfunction, Met-S was a reliable predictor of LV dysfunction even 

with corrections for blood pressure.  

 

LV hypertrophy [54] and aortic stenosis [55] have also been suggested as both initial 

presentations of Met-S and primary causes of the increased CVD risk associated 

with Met-S. Other results [56] also show that a first degree family history of 

cardiovascular disease, and not a history of diabetes, was a strong predictor of Met-

S risk. This suggests that the association between Met-S and CVD is not 

unidirectional. Thus central impacts of Met-S may actually be present prior to 

diagnostic indications such as a reduced LVEF. In this present project, pre-program 

resting SBP and Met-S comorbidities were together shown to affect clinical CR 

outcomes, although in a variety of different ways, based on the results of the 

retrospective studies.  
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16.3.3 Diastolic function 

Turning to the literature again, we see that macrovascular pathology may be present 

during the early stages of Met-S [24]. Increases were demonstrated in the thickness 

of the carotid artery wall (intima-media thickness) and increases in the resistance of 

intra-renal lobular arteries associated with Met-S, especially where T2DM is present. 

Other results [40] demonstrated links between arterial stiffness and Met-S in 

hypertensive patients. Such links between Met-S and macrovascular changes in the 

carotid artery were also more recently confirmed [53], with women identified as 

potentially being at a higher risk and particularly younger women with Met-S. The 

present retrospective data suggests that resting DBP may be normalised by an IT-

based CR program, as in the host intervention, in similar fashion to resting SBP, 

although the precise effects of different MC classifications were not clarified by the 

present results. On this note, evidence from the literature suggests that the 

incorporation of an RT component into CR programs may help improve vasodilatory 

capacity and arterial distensibility further [247]. Future research based on the NICER 

protocol may therefore benefit from the inclusion of an RT component to the 

outpatient program being tested.  
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16.3.4 Implications for clinical practice 

The majority of CR research currently available considers such programs from a 

cardiologic perspective, addressing primary factors likely to influence clinical 

outcomes such as morbidity and mortality, surgical success indicators and 

prognostic indicators. However the NICER protocol presents a rationale for CR 

interventions becoming more focused on the principles of exercise physiology in 

rehabilitation, using CR programs as tools for improving clinical, functional capacity 

and self-management outcomes. This shift is important when one considers the wide 

range of indirect comorbidities and secondary pathologies commonly associated with 

CVD. Links between MetS and dementia of vascular/degenerative origin [248], 

insulin resistance and obesity links to white blood cell and immune function [249], as 

well as the central effects of MetS on sympathetic neural mechanisms [182] and LV 

dysfunction [181] and morphology independent of age or gender [180], all 

demonstrate the importance of routinely addressing MetS presentations as key 

objectives of appropriately formulated and exercise-based CR. Some of the most 

common conditions observed in outpatient CR, other than the primary cardiac and 

metabolic presentations, include compromised sleep [58], chronic kidney disease 

[59], and hyperuricemia [60]. Sleep problems and Met-S combined may significantly 

increase the risk of CHD. Furthermore the triad of Met-S, CAD and CKD may lead to 

a higher risk of serious cardiac events, with some authors [59] suggesting that 

microalbuminuria should be considered as a useful prognostic marker in such 

patients. Such considerations may therefore also add value if incorporated into the 

CR programming for particular patients. 
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16.4 Exercise and pathology-specific CR  

 

16.4.1 Improving cardiovascular function 

We can now start to compile the evidence from all the retrospective studies herein 

and the literature to consider the potentials benefits of outpatient CR, beginning with 

improvements in at-rest parameters. In healthy individuals, some authors [247] have 

argued that RT may be better than ET at improving vasodilatory capacity and arterial 

distensibility, while other evidence suggests that a negative relationship may also 

exist between exercise intensity and flow-mediated dilation (FMD), again potentially 

complicating the picture regarding the specific vascular effects of different exercise 

protocols [178]. Clinically, hypertensive T2DM patients who underwent 6 months of 

combined ET and RT exercise showed improved fitness, body composition and 

glycaemic control, but not flow-mediated dilation (FMD) or plasma inflammatory 

markers [153]. Some investigators suggest ET alone can elicit FMD improvements in 

CAD patients [177], while others investigating CHF [99] have shown that their 

protocols combining cycle IT and RT may produce better vascular reactivity 

outcomes than cycle IT alone. However the present study has demonstrated that 

broad generalisations on expected clinical outcomes from outpatient CR are not 

easily made. In terms of DBP outcomes, the present NICER pilot (see Chapter 15) 

shows that the combined ET and IT protocol used herein may produce reductions in 

resting DBP in patients classed as SB3 pre-program (i.e. Cases 2, 7, and 10, 

respectively). Other patients show outcomes which overall suggest the combined 

NICER protocol may normalise resting physiology towards expected levels, as with 

the retrospective results discussed earlier. However given the present small NICER 

pilot cohort, these results too cannot be generalised. 
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16.4.2 Improving effective functional capacity (EFC) 

In-line with the NICER protocol used here, other investigators applying CR protocols 

where exercise was prescribed according to time intervals, with the aim of 

progressing to uninterrupted exercise periods, have also shown positive outcomes 

[250]. The safety and rate of adherence to the same program was later confirmed 

[251]. The outcomes of the NICER pilot study demonstrate that combined ET and IT 

protocols may potentially yield highly significant increases in post-intervention 

functional capacity and exercise time during outcomes assessment. It appears that 

IT at progressively increasing intensities and durations reinforces the effects of ET in 

terms of patient tolerance of exercise intensity and durations. 

 

16.4.3 Pathology-specific exercise prescription 

For some time, the core components of exercise-based CR have been guided by 

recommendations including those published by the American Heart Association 

[252]. However later research has addressed many more specific matters relating to 

clinical exercise prescription. Issues including exercise in various primary 

presentations such as CHF [199] have also been somewhat complicated by the 

recent emergence of evidence for different protocols relating to comorbidities 

including MetS and T2DM [197], the use of various exercise modalities to deal with 

these comorbidities including RT for MetS [253] and high-intensity IT for HTN [159] 

as examples, and other matters relating to exercise dose [254, 255]. Broadly 

summarising the current literature on outpatient CR, research is unearthing an 

immense array of variables which impact on clinical outcomes, and the 

inconsistencies between reports in terms of the overall experimental methods, 
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clinical protocols tested, and outcome measures used have yielded significant 

ongoing debate on virtually every facet of clinical practice. Pathology-specific 

prescription, as a concept, has been discussed extensively although definitive 

answers on the most appropriate interventions for primary presentations and 

comorbidities are as yet lacking. Findings from the present project confirm significant 

differences in outcomes between MI and non-MI patients, SB and MC subgroups, 

age and BMI, as well as potential interactions between these factors. The present 

results also reveal outcome trends in hypotensive patients and contrast these with 

outcomes from normotensive and hypertensive patients from the same intervention. 

Such evidence was not found elsewhere. 

 

Comparisons of exercise modalities have shown mixed results in literature, with the 

current gold-standard of ET in outpatient CR being debated extensively. Some 

recent evidence [256] has suggested that ET alone may be effective in reducing 

MetS scores, while RT alone may not, and that a combined ET and RT intervention 

may not provide further improvements. Earlier evidence however suggests that RT, 

but not ET, may reduce circulating plasma levels of remnant VLDL cholesterol [79]. 

The most recent focus in research investigations though appears to be comparisons 

of ET and IT modalities. High-intensity IT and moderate-intensity ET have been 

suggested to be equally effective at increasing intramuscular microvasculature and 

eNOS protein content in previously sedentary males [190], for example. Others [192] 

have shown that IT at high-intensity may potentially deliver better submaximal 

exercise benefits than moderate intensity ET. Low-volume high-intensity IT [162] has 

also been shown elsewhere to deliver clinical outcomes equal to or better than those 

achieved through moderate-intensity ET. These more recent findings seem to 
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confirm that IT may be superior in achieving positive physiologic changes in CR 

[156, 164]. Despite this, other recent evidence suggests that matched-dose ET and 

IT yield similar CVS and metabolic adaptations in cases with a primary limitation like 

reduced LVEF as in CHF patients [169], partially demonstrating the limiting effect of 

such presentations on exercise outcomes. Importantly in terms of exercise 

prescription and programming differences, ET and IT are usually treated as mutually 

exclusive in such investigations. By contrast, the NICER protocol combines ET and 

IT in order to utilise each modality to deliver specific physiologic adaptations.  

 

16.4.4 Implications for clinical practice 

The importance of enhancing regulatory function over central cardiopulmonary 

physiology (e.g. HR, BP, RR, etc.) in CR patients is made clearer when we consider 

some of the risk factors associated with both primary and comorbidity presentations 

in such patients. Research involving even healthy individuals shows that atrial and 

ventricular arrhythmias increase with age, and transient AV block may be more 

common in those with lower resting HR [257]. We have also seen that the risk of 

hyperkalemia (which may cause arrhythmias) in CHF cases (for example) is 

increased with age (>/= 75), male gender, baseline hyperkalemia, renal failure, 

diabetes or RAAS blockade with candesartan (ARB), which may independently 

cause hyperkalemia [241]. Therefore training methods which help improve cardiac 

rhythm would appear important in cardiac rehabilitation.  

 

Of course these additional factors above may further compound any central 

presentations directly too. For example, diastolic dysfunction may be an independent 

predictor of abnormal HRR [258], which may also increase the risk of arrhythmias 
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following symptom-limited exercise during CR sessions. Later HR recovery indicated 

by HRR3 may also be a good independent predictor of all-cause and CVS mortality 

in patients with CAD [227]. Improvements in HRR and reduced CVS mortality have 

been demonstrated elsewhere in patients with MI following exercise training [259]. 

Thus abnormal cardiac rhythms and other compounding clinical factors may be well 

managed by the appropriate exercise prescription.  

 

While the retrospective data reported in Chapters 4-13 did not include HRR 

measurements and cannot be compared directly with the above reports from 

literature, the NICER protocol shows this intervention may potentially deliver HRR 

outcomes of similar order to those discussed previously. Based on the reviewed 

evidence thus far, establishing appropriate exercise testing and prescription 

protocols which cater for different patient groups is essential considering the variety 

of clinical presentations attending exercise-based rehabilitation. For example, 

exercise intolerance in adults with congenital heart disease [260] may help predict 

the risk of mortality or hospitalisation, while patients with pulmonary arterial 

hypertension (PAH) may have a reduced chronotropic response to exercise and a 

compromised HRR1 indicating autonomic dysfunction [186]. Therefore the 

identification of these and similar clinical signs appears vital in clinical CR. However 

as we’ve seen, utilising patient testing methods focusing either on maximal (e.g. 

EST) or super-submaximal protocols (e.g. 6MWT), for these and the other primary 

CR presentations discussed here may not be optimal. One review [261] described 

the difficulties in clinical assessment for exercise prescription using the currently 

available methods, calling for standardisation of exercise sessions and assessment 

protocols to allow true reflection of function capacity. Although more research to 
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confirm the present NICER pilot findings is necessary, the EFC assessment protocol 

appears to potentially be feasible, sensitive and reliable in demonstrating both 

underlying adaptations of physiologic systems during exercise as well as functional 

capacity improvements.  

 

While the discussion has focused on the effects of primary presentations and most 

common comorbidities on rehabilitation outcomes, we have also seen that other 

conditions may be affecting these. Ventilatory dynamics in those with a reduced 

LVEF as in CHF patients [188] are highly variable and may significantly impact on 

functional capacity. Sleep-related breathing disorders are related to reduced 

exercise capacity and peak hemodynamic response to exercise [198], and these 

may also influence outcomes in sufferers attending CR. Respiratory muscle training 

as reported elsewhere [189] may be one potential strategy to improve exercise 

capacity in CR patients generally, with greater improvements in those less fit at 

baseline. However the application of such training in clinical settings may be difficult 

to administer as it would likely significantly extend session durations and/or require 

additional sessions. The functional breathing training (FBT) integrated within the 

NICER protocol maximises the efficiency of each patient’s respiratory function during 

the actual exercise training, not requiring an additional time commitment beyond the 

initial training and instruction. 
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16.5 Patient perceptions and psychosocial programming  

 

16.5.1 Goal-setting and motivation 

In previous discussion (refer to Chapter 2) we considered some of the important 

mechanisms for goal-setting and motivation, towards enhancing CR program 

adherence and sustaining long-term behaviour change. Psychosocial interventions 

have also been shown to improve outcomes such as physical activity levels, dietary 

patterns and smoking [262]. Furthermore goal setting, problem solving, self 

monitoring and role modelling have also been suggested to be potentially beneficial 

in effecting behaviour change. These considerations would thus seem important in 

improving patient perceptions of their own self-efficacy and capacity for self-

management. Support from family [148] and peers [149] may each also improve 

patient outcomes in CR, and programs incorporating both of these additional support 

mechanisms may yield more positive and longer lasting outcomes. This is important 

since there is evidence to suggest that variations in exercise programming alone 

(e.g. shorter session durations) may not enhance long-term adherence to exercise 

among CR patients [263]. Therefore strategies such as the novel Motiv-8 and the 

key-point patient education programs integrated within the NICER protocol to 

promote long-term goal setting, self-motivation skills and self-efficacy may be 

important.  

 

16.5.2 Internal recalibration 

Investigators studying the response shift in QoL assessment during CR [143] have 

suggested that recalibration (i.e. changes in internal standards) are the main factor in 

patients’ response shift. The major implication here for enhancing the effectiveness 
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of CR interventions is that in order to promote successful outcomes in CR, one may 

need to encourage this recalibration process. Emphasis on including short and long-

term goals, as well as guidance on how to measure success (e.g. acknowledging 

lifestyle improvements) may therefore be important inclusions within CR 

psychosocial programming. These and other factors encouraging internal 

recalibration are included within the novel Motiv-8 framework tested herein as an 

element of the NICER intervention.  

 

Evidence on the application of the HAPA approach to patient motivation in CR 

settings [142] shows this methodology to hold important implications for patient 

adherence based on longitudinal data. There are also findings which suggest that 

affective valence (i.e. pleasure/displeasure) may be a practical marker for the 

transition from aerobic to anaerobic metabolism during exercise [264], with 

cardiopulmonary data and simultaneous recording of patient self-ratings of affective 

valence showing that these two points may coincide. Such evidence may provide 

important direct links between patient experience and health behaviour, and exercise 

performance. Investigators have also considered alternative methods for enhancing 

patient exercise experiences by including activities such as tai Chi [265] and 

interactive video exercise games [266] where patients are presented with exercise 

partners of moderately higher exercise skill level to enhance motivation. Future 

research may thus benefit by considering mechanisms to enhance patient 

experiences as a primary goal within CR programs, which may lead to improved 

long-term health behaviour change. 
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16.5.3 Barriers to exercise 

As we’ve already seen, overcoming patient-perceived barriers to exercise is crucial 

to improving adherence to the behaviour change initiated during CR. Some of the 

predictors of CR exercise participation include the importance placed on the 

rehabilitation process and better perceived health before a cardiac event, among 

others [133]. Therefore CR programs should perhaps promote a high level of 

importance to CR intervention and maintenance, and encourage patient’s to seek a 

return to better health as a stepping-stone towards improved quality of life. However 

the identification of patients at risk of self-perceived barriers hindering these positive 

health behaviour changes and clinical outcomes may not always be straightforward, 

although more clues have been emerging from recent reports. There is evidence 

from CAD patients (for example) which shows that subjective fatigue may be linked 

with depressive and anxiety symptoms while actual exercise capacity is better 

indicated by a patient’s NYHA functional class, rather than emotional and/or 

psychosocial symptoms [267]. Authors have further suggested that a 

psychobiological theory of personality may be useful in identifying those CR patients 

at risk of psychological stresses [132]. These approaches may yield mechanisms of 

identifying patients likely to encounter self-perceived barriers in the absence of 

diagnosed syndromes. This is important as many patients may experience significant 

stresses as a result of a serious cardiac event which could inhibit healthy behaviour 

change.  

 

Reviews have found that interventions which target patient-perceived barriers to 

exercise participation can improve CR adherence [212]. Results from the present 

BARE-Q study (see Chapter 14) indicate that patient knowledge relating to exercise 



 

264 
 

and negative previous exercise experiences may be as significant as time and cost 

constraints as barriers to exercise participation. Bandura’s exercise self-efficacy 

scale has been shown to be reliable in assessing patient self-perceived efficacy in a 

CR setting [145], and this tool (or a similar resource) would appear to be important in 

CR programs. Gender differences [131] are also important considerations in terms of 

barriers to exercise participation, as discussed in detail earlier. 

 

16.5.4 Motiv-8 and integrated patient education 

The novel Motiv-8 strategy integrated within the NICER protocol aims to (a) improve 

patient self-efficacy (task, maintenance and recovery dimensions); (b) establish 

lifestyle behaviour change; (c) promote patient autonomy and internal locus of 

control; (d) develop self-management skills (self-monitoring, self-motivation and 

expectations management); (e) provide strategies to manage barriers and their 

impact; (f) establish short-term (functional, knowledge and self-perspective) and 

long-term (functional, health and lifestyle) goals for the rehabilitation program; (g) 

reinforce patient achievements to encourage long-term adherence to positive health 

behaviour. These Motiv-8 elements are summarised in Appendix B, and are used as 

the basis of the novel patient education program (refer to Appendix C), which 

comprises five educational goals to be covered  with patients during the twice weekly 

exercise sessions of the NICER program. Each of these educational goals 

addresses multiple points from the Motiv-8 strategy, with each Motiv-8 element 

addressed multiple times in each program. For example, elements relating to patient 

autonomy and internal locus of control (i.e. Area 3 of the Motiv-8 strategy) have been 

assigned a higher priority and therefore have been integrated into the majority of the 

educational goals.  
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This means that throughout the educational program, NICER participants were 

consistently encouraged to take control of their own CR program and overall health, 

thereby enhancing the potential for self-management success. Importantly though, 

the key-point educational program is integrated into the training sessions and the 

goals discussed with patients between clinical monitoring points during the training. 

Integrating the educational program in this way eliminates the need for additional 

education-only sessions, provides the opportunity to tailor the information to each 

patient’s individual needs, allowing milestone goals to be established collaboratively 

and reviewed on an ongoing basis, provides much more time to deliver effective 

education, and maximises the use of time during training sessions. Finally, the Motiv-

8 strategy was developed based on all of the factors found to impact on psychosocial 

outcomes in clinical CR and identified previously from the literature. 

 

16.5.5 Implications for clinical practice 

Recent evidence demonstrates that emotion and mood can significantly affect BP 

and HR in normotensive and hypertensive patients [268], with a non-randomised 

study also suggesting that the incorporation of mind-body training into CR programs 

may deliver enhanced psychological outcomes [269]. The continuous reinforcement 

of positive behaviour change through the novel patient education program may thus 

be useful in delivering similar enhancements, although further research is required to 

confirm to what extent such benefits can be derived from the intervention.  

 

Furthermore research elsewhere has demonstrated that the benefits of exercise 

continue to increase with added training, with intentional weight loss shown to 
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protect against the recurrence of depressive symptoms in obese individuals [270], 

and the HeLM intervention showing that health-related lifestyle interventions may 

also deliver reductions in risk factors such as waist circumference [271]. Therefore a 

feature similar to the NICER patient education program may ideally be extended, 

continued into the maintenance phase which commonly follows outpatient CR 

programs to help maintain positive health behaviour change. Other potentially 

important considerations for future research include the potential benefits of 

educating patients on the expected symptoms of an MI event and the most 

appropriate response action [272], and based on evidence from the BRUM study 

demonstrating the importance of maintaining motivation during home-based training 

programs towards enhancing exercise adherence [273], a consistent focus on this as 

a continuous theme. While the NICER education program included information 

relating to home-based exercise, it did not include a formalised home-based exercise 

component or a long-term maintenance phase, as these were beyond the limited 

time-frame and scope of the current project. However future interventions would 

potentially benefit significantly by extending both the exercise training and patient 

education components beyond the current 4-6 week period examined, to include a 

maintenance phase. 

 

16.6 Outcomes Assessment Methods  

 

16.6.1 Current testing methods 

Guidelines relating to outcomes assessment in CR settings [274] usually rely on 

methodologies at either of two extremes, maximal EST and/or submaximal protocols 

such as the six minute walk test (6MWT) at the other end of the spectrum. Studies 
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have suggested that patients who fail to achieve a sufficiently high increase in peak 

SBP and HR post-program may be at a higher risk of mortality [104]. The findings 

from the present retrospective review of patient EST data from the Westmead 

hospital (see Chapters 4-13) seem to confirm that high-intensity IT based on current 

practice generally leads to increases in both peak SBP and HR during testing across 

all male and female SB bands. However the data also suggests that the increased 

peak SBP and HR were achieved in return for relatively smaller increases in EST 

durations and that these increased durations did not vary significantly based on SB 

bands in many cases. This may imply that changes in EST duration post-program 

may not have sufficient sensitivity to indicate the degree to which physiologic 

improvements have developed as a result of exercise training. Other authors have 

also argued that current clinical assessment methodologies may not adequately 

reflect functional capacity [261]. We now consider the above two clinical assessment 

extremes in more detail, with a comparison of these methodologies with the effective 

functional capacity (EFC) assessment protocol applied within the NICER 

intervention. 

 

16.6.2 Maximal Testing 

While maximal EST is a well known and widely used assessment protocol, the 

essential purpose of such an assessment method is diagnostic and/or prognostic 

evaluation following a medical intervention. Such protocols were never designed to 

indicate physiologic adaptations as a result of exercise with any great sensitivity. The 

major objective of EST testing is to evaluate whether the intervention applied leads 

to the heart being able to tolerate an increased load post-intervention. Various 

factors can influence EST outcomes however including gender, which has been 
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shown to affect resting HR and HRR [173] and resting and peak BP [172] 

observations during EST testing, as well as EST durations [275]. Given such 

evidence, it is clear that an outcomes testing protocol with greater sensitivity for 

physiologic changes is necessary within a rehabilitation context. The EFC 

assessment procol appears to meet the necessary conditions. 

 

Underlying physiologic measures during exertion can provide a wealth of information 

beyond simple resting and peak observations. One of the most widely reported 

measures in recent literature appears to be HRR [259]. One longitudinal study [276] 

has demonstrated that regular physical activity can attenuate age-related declines in 

vagal tone and improve HRR, although some authors have questioned the reliability 

of HRR and HR variability (HRV) measurements as indicators of vagal tone [277]. 

Given that both HRR and HRV are subject to multiple influences beyond vagal input 

alone, it seems apparent that additional data is needed to more accurately 

“triangulate” the actual pre-program status and post-program adaptations in 

physiology governing these parameters. There is evidence to suggest that an 

exaggerated BP response to exercise may be linked to a reduced HRR in 

normotensive adults [278], while others [279] have argued that later HRR 

observations (i.e. at 3 minutes post-exercise) may hold additional prognostic value to 

the usually reported earlier HRR measurements (i.e. at 1 minute post-exercise).  

 

Considerable debate is ongoing as to the most appropriate data set for clinical 

assessment, with the EFC protocol used here employing HR, BP and respiratory rate 

(RR) measurements. The NICER pilot results (see Chapter 15) demonstrate that 

these measurements appear to reliably indicate the physiologic status of patients 
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pre- and post-program, with the information derived by linking these physiologic 

parameters with work output (WO) during exercise allowing an indication of the 

efficiency of cardiac, vascular and pulmonary functions as they contribute to patient 

performance. 

 

16.6.3 Submaximal Testing 

The 6MWT mentioned earlier is often applied in CR patients following cardiac 

surgery. While some researchers have sought absolute methods of interpreting 

changes in the 6MWT distance against expected norms [108], approaches using 

predictive equations to interpret 6MWT results have also been tested in specific 

populations such as obese patients [280], while others have tried to establish a 

minimal cut-off distance to indicate clinically significant changes in the 6MWT 

distance [281]. Often the choice of the 6MWT as an outcomes measure in CR is 

made based on considerations of patient safety and ease of application. Other 

submaximal protocols have also been tested to determine their ability to estimate 

VO2max in people of different ages including simple step-tests [282]. In such cases 

as is the case with the 6MWT, one of the primary goals is to apply a standardised 

user-friendly approach to determining functional capacity. However we have 

previously demonstrated that such submaximal protocols may not be reliable or 

sensitive enough to accurately represent functional capacity in all CR patients, 

particularly those who are younger or have less morbidity associated with their 

condition. The EFC protocol used within the NICER intervention allows for 

submaximal testing that is standardised, caters for people of varying baseline 

functional capacity, and provides a great deal of clinically important data. 

  



 

270 
 

Chapter 17 
Limitations, Implications, and Future Research 
 

 

17.1 Introduction 

This chapter addresses the current project overall and begins by considering the 

limitations within each of the studies. The key findings of each study are then 

summarised and collated here, starting with the retrospective studies, followed by 

the BARE-Q and NICER pilot results. Finally, future research directions arising from 

the present project are highlighted, including the already ethics-approved 

randomised control trial (RCT).  

 

17.2 Limitations of the project 

There were several limitations of the present study that should be highlighted. With 

regard to the retrospective studies, the number of female patient records in the data 

sample represented the first major limitation. Female patient numbers were too small 

to allow the analysis of outcomes based on MC classifications as was performed in 

males. The second major limitation of the retrospective studies was the unrefined 

application of the MC classification system itself, which requires further research to 

differentiate the effects of specific combinations of Met-S comorbidities. Larger data 

samples are necessary to facilitate subgroup sizes large enough to permit analysis 

with sufficient statistical power. These would also allow greater refinement of the 

effects of gender on clinical outcomes with the necessary corrections. Furthermore, 

the use of an administrative dataset adds limitations to the analyses also, due to 

factors such as inconsistency of data integrity (incomplete or inadequate records), 

non-standardised data entry among data operators, and others. The administrative 
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dataset also lacked some important socio-cultural data, as well as inconsistency in 

recording important clinical measures which would have added great value to the 

investigation such as left ventricular ejection fraction (thus this measure could not be 

included in the present study. Finally, although the same intervention was in place at 

the Westmead hospital cardiac rehabilitation program, temporal changes in 

treatment due to changes in staff or overriding hospital policies cannot be ruled out. 

The fact that socio-economic data was not included within the BARE-Q, and that 

post-program data was also not collected due to project scope, represent the major 

limitations to the BARE-Q study. As the BARE-Q was not intended for investigation 

as an outcomes measure, reliability and validity of the questionnaire were not tested 

in the scope of the present study, representing a further limitation of the BARE-Q 

study. Within the NICER clinical pilot, the limitations regarding the collection of true 

peak blood pressure measurements and the timeframe of the intervention not 

allowing adequate testing of the interval component of the EFC assessment protocol 

were the major limitations identified. 

 

17.3 Key Findings 

 

17.3.1 Retrospective: Resting outcomes in non-MI patients 

In non-MI patients completing the current practice CR intervention at Westmead 

hospital (i.e. same CR program for all retrospective studies below): (a) only 

normotensive (i.e. SB2) males and females showed resting HR reductions; (b) 

patients classified SB1 (i.e. pre-program resting SBP < 100 mmHg) showed average 

increases in resting SBP and DBP post-program; (c) individuals classified SB3 (i.e. 

pre-program resting SBP > 130 mmHg) achieved average reductions in resting SBP 
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and DBP. Overall these trends suggest that normotensive patients adapt in terms of 

mechanisms governing cardiac rhythm (e.g. vagal tone, circulating neurotransmitters 

and/or hormonal mediators) following the exercise intervention, while hypo- and 

hypertensive patients generally showed corrections in their resting SBP and DBP 

levels towards expected norms. Furthermore the MC subgroups showed significant 

and predictable trends in resting SBP outcomes in SB1 and SB3 males. The data 

show that hypo- and hypertensive patients will show predictable changes in resting 

SBP and DBP with additional grouping based on MC classifications, demonstrating 

an apparently predictable and significant interplay between pre-program resting SBP 

and Met-S comorbidities in determining resting physiologic outcomes following the 

aerobic IT exercise intervention. These trends have not been shown previously. 

 

17.3.2 Retrospective: Peak outcomes in non-MI patients 

Peak HR and SBP outcomes in non-MI patients were graded such that SB1 patients 

achieved the highest changes in these parameters, followed by SB2 then SB3 

patients. Furthermore all changes represented increases from the assessed pre-

program values. The additional use of MC classifications in male patients provided 

apparent trends in peak SBP outcomes in SB1 patients and EST duration outcomes 

in SB2 males. However larger sample sizes allowing refinement of the MC groupings 

may yield clearer trends. Overall, patient outcomes in peak physiology demonstrate 

that pre-program resting SBP has a significant influence on post-program outcomes 

in peak HR and SBP. The equivalent male EST duration outcomes based on SB 

subgroups is also interesting, suggesting males may predictably achieve average 

increases of 2.1 mins in EST durations post-program. Based on a thorough search, 

such trends have not been demonstrated elsewhere. The consistent increases in 
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peak physiology seen here may be positive diagnostically. However these findings 

may not necessarily be in line with rehabilitation based on exercise physiology 

principles. Refer to section 17.3.12 below for further discussion of this point. 

 

17.3.3 Retrospective: Outcomes in non-MI patients by age 

Pre-program data show that there is an increasing pulse pressure (i.e. SBP – DBP) 

with higher age groups. Several factors may be at play in this trend, and the results 

do not allow precise clarification of the causes. It was also determined that age 

subgroups had no apparent effect on resting physiologic outcomes including HR, 

SBP and DBP. Changes in peak HR were generally lower with advancing age, 

suggesting that older patients may be limited in terms of peak adaptations in HR. 

Peak SBP were generally lower with advancing age, although there were no 

consistent trends seen and MANOVA showed that any variations were not 

statistically significant. However the data does suggest that age may limit these peak 

SBP outcomes also. Similar conclusions may be drawn regarding EST minute 

outcomes, with no statistical significance found to the variations in these changes 

with MANOVA either despite lower EST outcomes with advancing age. This trend 

may still hold clinical significance though as it suggests that all peak outcomes in 

males and females are thus limited by age, but apparently not resting physiologic 

adaptations. In older patients therefore, longer interventions, interventions with more 

exercise sessions, the inclusion of other exercise modalities, or some combination of 

these may be necessary to elicit greater peak or functional capacity changes, 

particularly in EST durations. Refer to section 17.3.12 below for further discussion of 

peak and functional capacity outcomes. 
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17.3.4 Retrospective: Outcomes in non-MI patients by BMI 

Overall the data suggests that BMI may not influence resting physiologic outcomes 

(i.e. resting HR, SBP and DBP) in either gender following the CR intervention at 

Westmead hospital. Peak HR was shown to increase consistently, however lesser 

changes were found in patients with a higher BMI classification. Peak SBP outcomes 

were also consistently increases in both genders although one-way MANOVA 

showed no statistically significant difference in peak SBP across BMI subgroups. 

When BMI and SB subgroups were combined, trends revealed included peaks, 

troughs and graded patterns to peak HR outcomes for example. These trends not 

only confirm the potential usefulness of these classifications, but also indicate the 

need to consider combinations of BMI and other comorbidities when prescribing 

exercise in clinical CR settings. These findings appear to be the first to compare 

resting and peak physiologic outcomes in patients classed as being normal weight, 

overweight and obese with the combined correction for resting SBP. Refer to section 

17.3.12 below for further discussion of peak and functional capacity outcomes. 

 

17.3.5 Retrospective: Resting outcomes in MI patients 

The trends seen here for the influence of SB and MC subgroup allocations on resting 

outcomes in MI patients are very similar to those in non-MI patients. The only 

exception is the apparently lower absolute values of outcomes in MI patients 

compared with those individuals with no history of MI. One potential explanation 

posited in the earlier discussion was the limiting effect of an MI event on cardiac 

adaptations. However an MI event does not appear to dramatically alter the 

expected trends in resting physiologic outcomes following the reference CR 

intervention. 



 

275 
 

 

17.3.6 Retrospective: Peak outcomes in MI patients 

While some differences were noted in peak physiologic outcomes between MI and 

non-MI patients, similarities were also found. At the level of SB Band grouping, 

similar trends were observed in both populations. However when MC grouping is 

superimposed over SB Bands, an apparent reversal of the peak SBP outcomes was 

demonstrated in SB1 and SB2 male MI patients compared with non-MI patients. 

Given no apparent major differences in terms of baseline demographics between MI 

and non-MI patients, it may be that the patients who had experienced an MI were 

more susceptible to the same underlying risk factors, thus leading to the MI. It may 

therefore follow that the reference exercise intervention was able to achieve the 

maximal peak SBP changes in SB1/MC4 patients (i.e. pre-program hypotensive 

males with all four Met-S comorbidities) as this subgroup comprised those 

hypotensive patients most impacted by the comorbidities pre-program. Refer to 

section 17.3.12 below for further discussion of peak and functional capacity 

outcomes. 

 

17.3.7 Retrospective: Outcomes in MI patients by age  

Similar tends were seen in MI patients as with non-MI individuals, whereby the effect 

of age group allocation was again significant in terms of peak physiologic outcomes 

but not resting adaptations. Overall no new trends in outcomes based on age group 

allocation were found in MI patients. Refer to section 17.3.12 below for further 

discussion of peak and functional capacity outcomes. 
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17.3.8 Retrospective: Outcomes in MI patients by BMI 

Interesting differences were reported in Chapter 11, whereby resting and peak 

physiologic adaptations in MI patients following the reference CR intervention were 

corrected for BMI and SB group allocations. As with outcomes in non-MI patients, SB 

group allocations produced similar effects when applied in isolation. However the 

previous trends seen in non-MI individuals, when BMI allocations were also 

combined with SB groups, were translated differently in MI patients. The grading 

trend in peak HR outcomes observed in hypotensive non-MI patients was reported in 

SB2 normotensive MI individuals, while the peaking trend seen in normotensive non-

MI patients were reported instead in hypotensive MI patients. While results from the 

MI population again confirm the usefulness of BMI grouping to outcome 

interpretation, they also demonstrate an interesting effect of MI history on peak 

physiologic outcomes. More research is needed to confirm these trends, which have 

not been previously reported to the best knowledge of the current author. Refer to 

section 17.3.12 below for further discussion of peak and functional capacity 

outcomes. 

 

17.3.9 Retrospective: Medications and outcomes in non-MI patients 

In non-MI patients, BB and ACEI medications appear to exert a blunting influence on 

resting HR outcomes in both genders. ACEI use may also blunt peak HR outcomes 

in males, with or without BB use. Female non-MI patients did not appear to display 

this trend. Furthermore the highest increases in peak HR and peak SBP were shown 

for patients taking BB medications but not ACEI drugs. Maximal EST duration 

increases were shown in male and female patients not taking either medication. 

Given these findings, it may be argued that a review of medications by the consulting 
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physician(s) referring patients to CR may be necessary. The results relating to 

maximal changes in peak HR and peak SBP in those taking BB medications would 

seem to highlight this, based on the NICER rationale for the rehabilitation of CR 

patients. Refer to section 17.3.12 below for further discussion of peak and functional 

capacity outcomes. 

 

17.3.10 Retrospective: Medications and outcomes in MI patients  

An MI event once again appears to lower peak changes following the reference CR 

intervention based on medication subgroups. The primary difference between non-

MI and MI patients was the relatively equivalent outcomes in peak HR and peak SBP 

in males across medication subgroups, which was not replicated in female patients. 

Additionally, female outcomes were perhaps more variable in MI patients. Outcome 

trends were otherwise similar between non-MI and MI patients. Refer to section 

17.3.12 below for further discussion of peak and functional capacity outcomes.  

 

17.3.11 Qualitative: BARE-Q Study 

Patient responses to the BARE-Q showed that a limited knowledge of exercise and a 

poor exercise history were scored almost as high as time and cost restraints as 

barriers to exercise participation. Pain and fatigue were also found to be significant 

barriers based on patient response scores, and relief from these symptoms should 

ideally be included as goals of clinical CR intervention, as well as enhancing patient 

knowledge and confidence relating to exercise. Responders who indicated feeling 

more involved with the planning of their healthcare also reported being less limited 

by fatigue, better understood their condition and felt their diet was more adequate, 

yet still also felt their health limited their activities of daily living and desirable lifestyle 
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activities. While patients most commonly identified their GP, cardiologist and the 

outpatient CR program as members of their healthcare service chain, very few 

patients identified health professionals involved with a long-term exercise and/or 

rehabilitation maintenance program. This would suggest a need to place a greater 

emphasis on the value of patients seeking professional support for the longer term 

maintenance phase. The rate of natural remedy use was also surprisingly high 

among responders, with relatively few seeking professional guidance or advising 

their medical professional of their use of these remedies. Thus a scope was 

demonstrated for the potential incorporation of advice and guidance on appropriate 

natural remedy use and involving medical staff. 

 

17.3.12 Clinical: NICER Pilot Study 

The NICER pilot trialled several novel components for the first time to provide initial 

evidence on the safety and safety of the overall approach. The Cardio-Met patient 

classification system allowed simple allocation of participants in the study based on 

primary presentations and comorbidities. This then facilitated exercise planning and 

prescription based on the aerobic exercise prescription matrix (AEPM) and the 

clinical aerobic periodisation (CAP) plan. Results from the effective functional 

capacity (EFC) and independent outcomes data from the host outpatient CR 

intervention confirm that these tools allowed effective progression of patients through 

the planned phases of rehabilitation. No adverse events were noted, and significant 

functional capacity and physiologic adaptations were noted at rest and during peak 

exertion. These initial pilot data demonstrate that the NICER approach is safe and as 

feasible as current outpatient CR practice methodologies reported in the literature.  
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17.4 Future Research 

Addressing the identified limitations of the present work, retrospective studies 

involving larger data would satisfy the requirements for clarification of gender and 

comorbidity influences on clinical outcomes. This research is important given the 

present trends in clinical outcomes, showing the predictable influence of factors 

including MI history, age, pre-program SBP and BMI, as well as Met-S comorbidities. 

Understanding the impact of these and other factors on outcomes of exercise 

interventions involving different exercise modalities would allow the selection of the 

right exercise, for the right patient, targeting specific clinical objectives, and at the 

right time, to optimise rehabilitation outcomes.  

The BARE-Q study allowed the identification of important patient-based barriers to 

exercise and the extent to which these may be impacting on CR adherence. A 

truncated questionnaire combining Sections C and E of the BARE-Q may also form a 

simple outcomes assessment tool for the level of health behaviour change, if applied 

pre- and post-program. Further research is needed to initially validate this modified 

questionnaire in clinical settings, followed by an analysis of large sample data from 

various interventions to better ascertain psychosocial best practice in outpatient CR. 

Other areas of research need relate to the use of natural remedies in CR settings, 

including the clarification of the types of remedies used, patterns of use, potential 

impacts of improper use, and establishing an integrated model of care incorporating 

their use where appropriate.  

 

Ethics approval has already been secured for a longer-term randomised control trial 

(RCT) of the NICER intervention from the HREC based at Westmead hospital and 

representing WSLHD, with multicentre ethics and governance approvals granted. 
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This RCT will continue to seek evidence of the effectiveness of the NICER 

intervention, with the aim of clarifying this within a patient population large enough to 

allow differentiation of the effects of primary presentations and comorbidities on 

clinical outcomes. In addition to this, individual components of the NICER protocol 

also warrant investigation independently to ascertain their potential value as 

components of other clinical programs. Validation of the effectiveness of the Motiv-8 

strategy and patient education programs, as well as the EFC assessment protocols, 

require further research. Ideally, these validation studies would be undertaken in 

various CR settings, with appropriate outcomes assessment. These requirements 

also apply to the AEPM and periodisation strategy applied within the NICER 

intervention. These may be tested independently of the remaining NICER 

components to verify their effectiveness and practicality within other CR programs. It 

is clear that a wide potential scope for follow-up research has resulted from the 

present project, warranting significant further investigation. 

  



 

281 
 

Chapter 18 

Conclusions 
 

The research project overall met the pre-determined research objectives. 

Retrospective studies (ten in total) both confirmed previously identified trends and 

also reported novel findings relating to IT based outpatient CR. While gender 

differences could not be confirmed in many cases due to small female group sizes, 

variations in clinical outcomes were demonstrated based on factors including patient 

history of MI, pre-program resting SBP, metabolic syndrome comorbidities, pre-

program BMI and age. Each of these factors was found to influence outcomes in 

resting and peak physiology in different ways. Corrections for multiple factors 

revealed important trends helping to refine the interpretation of clinical CR outcomes 

from IT based interventions. While comparisons of outcomes based on SB groups 

alone may not reveal major differences in some instances, the additional use of MC 

classifications demonstrated an important interaction of these two factors with MI 

history in the grading of some of the peak physiologic changes.  

 

Results from the BARE-Q study provided important insights into patient perceptions 

relating to exercise participation and their healthcare experience. These findings help 

to reinforce the importance of patient centred CR interventions which promote 

autonomy and self-efficacy. Limited patient knowledge and poor experiences with 

exercise were identified along with pain and fatigue as being significant patient-

perceived barriers to participation in exercise, along with the widely reported time 

and cost constraints. Addressing these barriers should therefore form important 

components of comprehensive and holistic CR. Goal setting and long-term 

maintenance planning were found to be key areas for improvement towards 
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enhancing patient adherence to health behaviour change. The BARE-Q study 

therefore provides important insights to guide psychosocial programming within CR 

settings. 

 

The NICER pilot study presented important findings for the feasibility and safety of a 

novel CR approach, focused on rehabilitation specific practice and based on clinical 

and exercise physiology principles. Findings suggest that this approach was safe 

and appears to be at least as effective as current practice IT based CR interventions. 

The NICER protocol may provide a model for CR practice focused on cardiovascular 

enhancement and rehabilitation goals, as opposed to diagnostic and/or prognostic 

measures. Upcoming research through the approved RCT of the NICER approach 

will provide greater evidence for the effectiveness of this type of integrative clinical 

and exercise physiology intervention. Various additional areas for important future 

research were also identified. 
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Appendix A Cardio-Met patient classification system 
 

CR Band Classification 
 
CR Band 1  
 Lifestyle Risk Factors – No Clinical CVS History   
 High-normal systolic and diastolic pressures or lower;  
 Controlled Grade 1 (mild) hypertension;    

CR Band 2  
Grade 2 (moderate) hypertension    
Single vessel CAD (minor) 
Previous MI (no events in the last year) 

 NYHA Class I CHF (asymptomatic LV dysfunction)  

CR Band 3  

 Unstable angina pectoris (UAP) 
Controlled Grade 3 (severe) hypertension   
Mitral or aortic stenosis 
Multiple-vessel CAD (moderate –severe obstruction) 

 Recent MI (during the last year) 
 Post-surgical (PCI, CABG or ICD) 
 NYHA Class II (mild) CHF      

CR Band 4  
Uncontrolled Grade 3 (severe) hypertension   

 Isolated systolic hypertension 
 Post-surgical (Valve replacement) 
 NYHA Class III (moderate) CHF     

CR Band 5  
 NYHA Class IV (severe) CHF     
 Complex clinical status  
 

 

M-Cat Classification 
M-Cat 0  
 No overweight or obesity 
 No hypertension 
 No hypercholesterolemia 
 No diabetes 

M-Cat 1 
 One of the above conditions 
M-Cat 2 
 Two of the above conditions 
M-Cat 3 
 Three of the above conditions 
M-Cat 4 
 All of the above conditions 
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Appendix B Motiv-8 Motivational Strategy 
 
Note: SWOT = strengths, weaknesses, opportunities and threats analysis. 
 

Area Element No. Element 

Area 1 
Self-Efficacy 

1.1 Task (Exercise) self-efficacy 

1.2 Maintenance self-efficacy 

1.3 Recovery self-efficacy 

Area 2 
Rhythm 

2.1 Regular exercise 

2.2 Integrated lifestyle 

2.3 Balance & variety 

Area 3 
Positive Control 

3.1 Self-SWOT 

3.2 Proactivism 

3.3 Self-empowerment  

Area 4 
Self-Management 

4.1 Self-monitoring  

4.2 Self-motivation 

4.3 Expectations-management 

Area 5 
Barrier-Management 

5.1 Barrier evaluation 

5.2 Strategy development 

5.3 Collaborative compliance 

Area 6 
Short-Term Goals 

6.1 Functional capacity 

6.2 Knowledge acquisition 

6.3 Self-perspective 

Area 7 
Long-Term Goals 

7.1 Functional capacity 

7.2 Health goals 

7.3 Lifestyle goals 

Area 8 
Recognition 

8.1 Functional achievements 

8.2 Health Achievements 

8.3 Lifestyle achievements 
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Appendix C Key-point patient education program 
 

Wk Iss Topic Notes Date Review Comments R/Date Element(s) 

1 

1 Exercise cycle & recovery Apply in clinic and at home       1.1, 2.1, 6.1, 7.1 

2 Endurance (ET) and Interval (IT) ET to build Intensity, IT for recovery       1.1, 6.2  

3 Good breathing is crucial Main tune-up tool to help re-calibrate       1.1, 6.2  

4 Hydration should be balanced Adequate water through the day       2.3, 6.2 

5 CAN do, not can't do What you can do is far greater       3.1, 3.2, 4.2, 4.3, 5.1  

2 

1 Regular Health Routine Get well programmed       1.2, 3.2, 4.1  

2 Adequate and balanced diet Become a "well oiled" machine       2.3, 3.2, 6.2 

3 Ex at home and in clinic Tried and Tested "A-OK"       2.2, 3.2, 4.1 

4 Live life Get active and enjoy life       2.2, 3.1, 3.3, 6.3  

5 Health self-management You are the pilot       1.2, 3.1, 3.2, 3.3, 4.2  

3 

1 Coordinate to optimise Diet, exercise, rest and daily activities       2.2, 2.3  

2 Achievements so far Functional, weight, self-efficacy       3.1, 3.3, 4.2, 4.3, 8.1-8.3  

3 Regular follow-up Compliance with GP, specialist, EP       4.1, 5.3  

4 Short-term goals Let's set targets for next few weeks       3.2, 3.3, 7.2, 7.3  

5 Locus of control Shift to internal locus       3.1, 3.3, 4.2, 6.3  

4 

1 Health routine Weekly, monthly, yearly       3.2, 4.1, 5.3  

2 Healthy nutrition Variety, balance, timing       2.3, 6.2 

3 Exercise plan and timing Time your exercise to keep BMR up       2.2, 4.2, 5.2  

4 Locus of control Do you feel empowered       3.1, 3.2, 3.3, 5.1, 5.2, 6.3  

5 Medium and long term What about goals for the future       1.2, 3.2, 7.2, 7.3  

5 

1 Coordination Are you integrating the elements       2.2, 3.2, 5.1, 5.2  

2 Achievements so far Locus, self-efficacy, func cap       3.1, 3.2, 3.3, 4.2, 4.3, 8.1  

3 Exercise network Classes, groups, friends, family       3.1, 5.2, 5.3  

4 Live life Get out, keep active, stay happy       3.2, 6.3, 8.1-8.3   

5 CAN do, not can't do Check out your improved outlook       3.1, 3.3, 4.2, 4.3, 5.1  

6 

1 Exercise network Is it growing? What's missing?       5.2, 5.3, 6.2  

2 Time-outs Relaxation is just as important       1.1, 1.2, 2.2  

3 Self-managed Task, recovery, maintenance self-efficacy       1.2, 1.3, 3.2. 5.2  

4 Achievements so far Locus, self-efficacy, func cap       3.1, 3.2, 3.3, 4.2, 8.1-8.3   

5 Looking forward Balanced, tuned, and fired up       2.3, 4.2, 4.3, 6.3, 7.2, 7.3  
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Appendix D  Aerobic Exercise Prescription Matrix 
 
All values represent a percentage of Target Work Rate (TWR), which is the patient’s assessed Effective Functional Capacity (EFC) work rate. CR = cardiac rehabilitation; M-Cat = metabolic 
category; ET = endurance training; IT = interval training; S1 = Establishment Phase; S2 = Enhancement phase; S3 = Consolidation phase. 
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ET - Cycle ET - Treadmill IT - Cycle IT - Treadmill 
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S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 

  

C
R

 B
an

d
 4

 

M-Cat 0 75 85 100 70 85 100 60 70 90 60 70 85 

C
R
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d
 5

 

M-Cat 0 M-Cat 1 70 80 90 70 80 90 60 70 80 60 70 80 

M-Cat 0 M-Cat 1 M-Cat 2 65 75 85 70 80 90 60 70 80 60 70 75 

M-Cat 0 M-Cat 1 M-Cat 2 M-Cat 3 60 70 80 60 70 85 50 70 80 50 60 70 

M-Cat 0 M-Cat 1 M-Cat 2 M-Cat 3 M-Cat 4 60 65 70 60 70 80 50 60 70 40 50 70 

M-Cat 1 M-Cat 2 M-Cat 3 M-Cat 4   55 65 70 50 60 80 50 60 70 40 50 60 

M-Cat 2 M-Cat 3 M-Cat 4     50 60 70 50 60 70 40 50 60 40 50 60 

M-Cat 3 M-Cat 4       50 60 65 40 50 70 40 50 60 30 40 50 

M-Cat 4         50 55 60 40 50 60 30 40 50 30 40 50 
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Appendix E Clinical aerobic periodisation (CAP) plan 
 
 
 

  CLINICAL AEROBIC PERIODISATION 

  
%TWRi ESTABLISHMENT ENHANCEMENT CONSOLIDATION 

200                                                                         

190                                                                         

180                                                                         

170                                                                         

160                                                                         

150                                                                         

140                                                                         

130                                                                         

120                                                                         

110                                                                         

100                                                                         

90                                                                         

80                                                                         

70                                                                         

60                                                                         

50                                                                         

40                                                                         

30                                                                         

20                                                                         

10                                                                         

Time 10 10 15 15 15 15 20 20 20 20 10 25 10 20 10 25 10 25 10 20 10 25 10 25 10 20 10 25 10 25 10 20 10 25 10 25 

Reps 2 2 2 2 2 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

Mode ET IT ET IT ET IT ET IT ET IT ET IT ET IT ET IT ET IT ET IT ET IT ET IT ET IT ET IT ET IT ET IT ET IT ET IT 

Session 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Week W1 W2 W3 W4 W5 W6 
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Appendix F Effective functional capacity (EFC) assessment  
 
EFC Assessment Phases 
EFC assessments are comprised of two distinct phases, separated by a rest period. 
These phases are the endurance and interval phases, as described below. 
 
EFC – Endurance (EFC-e) Phase 
The first assessment phase consists of a sub-maximal ramped treadmill exercise 
test, in which exercise speed is set at an initial 1.5 km/h (at zero incline) and is 
adjusted at 1 minute intervals. Intensity adjustments during this phase are made only 
once a steady heart rate (i.e. no more than +/- 3 bpm change for 30 seconds) is 
achieved, with increases set at 0.5 km/h and an incline of 0.5%. Intensity 
adjustments are ceased once the patient reaches a pre-determined 65% of 
maximum age-predicted heart rate. The Work Output (WO) reached at this heart 
rate, along with BP and RR measurements are noted as the patient’s EFC-e: 
 
 EFC-e = WO @ heart rate, blood pressure, respiratory rate 
 
The test is terminated when: (a) the pre-determined heart rate milestone above is 
reached; (b) the test duration reaches 12 minutes; (c) the patient self-reports 
exhaustion; or (d) any signs or symptoms of cardiopulmonary distress are noted. At 
the conclusion of this phase of the EFC assessment, the patient is asked to rest for 
10 minutes to allow a return of physiological parameters to resting levels. 
 
EFC – Interval (EFC-i) Phase 
The exercise speed noted above for EFC-e is used as the light (L) intensity speed at 
zero incline for L-segments, with a constant speed maintained during the high (H) 
intensity H-segments and an increase in incline to the EFC-e level noted above. 
Therefore this phase represents a sub-maximal interval-based (variable-incline, 
fixed-speed) protocol. The duration of L segments will be 2 minutes, while H-
segments will be 1 minute in duration. The maximum number of iterations of L- and 
H-segment pairs (i.e. LH cycles) will be set at five, with the EFC-i noted as follows: 
 
 EFC-i =  # LH cycles completed + time @ heart rate, blood pressure, 
respiratory rate 
 
The test is terminated when: (a) the pre-determined heart rate milestone above is 
exceeded by more than 10%; (b) the test duration reaches 15 minutes; (c) the 
patient self-reports exhaustion; or (d) any signs or symptoms of cardiopulmonary 
distress are noted. At the conclusion of this phase of the EFC assessment, the 
patient is asked to rest for 15 minutes to allow a return of physiological parameters to 
resting levels. 
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EFC Assessment Clinical Observations 
 
Resting Observations 
Monitored immediately prior to each phase of the assessment: 
    HR, RR, BP 
 
EFC-e Observations 
Monitored each 2 minute interval: 
    30s HR  

60s HR, RR 
    90s HR 
    120s HR, RR, BP 
    Rpt 120s period  
 
EFC-i Observations 
 
 L – Segments  30s HR 
    60s HR 

90s HR 
    120s HR, RR, BP 
 
 H – Segments  30s HR 
    End HR, RR, BP  
 
Recovery Observations   
    1min HR, BP 
    2min HR 
    3min HR, BP 
    5min HR, BP 
 
* RR = respiratory rate over a 15 second interval converted to breaths per minute 
(Bpm) 
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Appendix G Participant Informed Consent Form (PICF) 
 
 
Chief Investigator: Prof. Robert Denniss 
Department of: Cardiac Education and Assessment Program  
 
Invitation 
You are invited to participate in a research study to examine the effectiveness of both 
current practice and new approaches to exercise prescription, outcomes assessment, and 
exercise training, in outpatient cardiac rehabilitation patients. 
 
The study is being conducted by: 
 Ehsan Hamdy 
 PhD Candidate – Centre for Inland Health (Charles Sturt Univsersity) 
 
Before you decide whether or not to participate in this study, it is important for you to 
understand why the research is being conducted and what your participation will involve. 
Please take the time to read the following information carefully and discuss it with other 
people if you wish. 
 
What is the purpose of the study? 
The purpose of this study is to examine the effectiveness of both current and new 
approaches to exercise prescription, outcomes assessment, and exercise training, in patients 
attending outpatient cardiac rehabilitation. We hope to determine if these new approaches 
lead to improved clinical outcomes at the end of the cardiac rehabilitation program.  
 
Who will be invited to enter the study? 
Those invited to participate in this study will include patients attending outpatient cardiac 
rehabilitation at Westmead Hospital. 
 

Do you have a choice? 
Your choice whether or not to participate in this research study is completely voluntary and 
totally up to you. You are in no way obliged to participate at any time. If you decide not to 
participate, it will not affect the treatment you receive now or in the future. Whatever your 
decision, it will not affect your relationship with the staff caring for you. New information 
regarding the rehabilitation approaches being studied may become available during the 
course of the research. You will be kept informed of any significant new findings that may 
affect your willingness to continue in the study. If at any time you wish to withdraw from 
the study once it begins, you can do so at any time without having to give a reason. 
However it may not be possible to withdraw your clinical data from the study results if these 
have already had your identifying details removed. 
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What will happen in the study?  
If you agree to participate in this study, you will be asked to sign the Participant Consent 
Form.  This study will be conducted over 12 months and is structured as a double-blind 
randomised control trial. The rehabilitation program being investigated in this study differs 
from the standard program offered in this institution because of its use of the use of new 
exercise training and assessment techniques. 
 
‘Randomised trial’: Sometimes comparisons need to be made between different 
rehabilitation programs. To do this, study participants are put into groups and given 
different programs, and the results are compared to see whether one program is better. To 
ensure the groups are similar to start with, a computer allocates each study participant into 
a group randomly, like the flip of a coin.  Neither the researcher nor the study participant 
can decide which program the participant receives. 
 
‘Blind trial’: In a ‘blind trial’ the study participants do not know which treatment group they 
are in. If the trial is “double blind”, neither the researcher nor the study participant knows 
which treatment the participant is receiving (although, if the researcher needs to find out, 
he/she can do so). 
 
If you agree to participate in this trial, you will then be asked to undergo the following 
procedures:  
 

1. Patient survey (once only) during the initial assessment; 
2. Additional pre-program exercise assessment; 
3. Exercise rehabilitation program; 
4. Additional post-program exercise assessment. 

 
Are there any risks? 
All exercise rehabilitation program involve some risk of injury. In addition, there may be 
risks associated with this study that are currently unknown or unforeseeable. The known 
risks of this study are the risks associated with the exercise program: 

 Heart and breathing related symptoms (5%) 

 Physical injury (5%) 
 
Are there any benefits? 
The research study will try to improve and build on clinical knowledge, and may improve the 
future treatment of patients attending outpatient cardiac rehabilitation programs. As a 
participant in this study, you may derive direct benefits. It is possible that participating in 
this study may reduce your risk of cardiovascular events, increase your exercise capacity, 
and enhance your ability to self-manage your exercise. 
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Confidentiality/Privacy 
Of the people treating you, only those named above or necessary others (e.g. nursing staff 
involved in your care) will know whether or not you are participating in this study.  Any 
identifiable information that is collected about you in connection with this study will remain 
confidential and will be disclosed only with your permission, or except as required by law. 
Only the researchers named above will have access to your details and results that will be 
held securely at Westmead hospital. 
 
Compensation   
If you suffer any injuries or complications as a result of this study, you should contact the 

study doctor as soon as possible, who will assist you in arranging appropriate medical 

treatment.  You may have a right to take legal action to obtain compensation for any injuries 

or complications resulting from the study.  Compensation may be available if your injury or 

complication is sufficiently serious and is caused by unsafe drugs or equipment, or by the 

negligence of one of the parties involved in the study (for example, the researcher, the 

hospital, or the treating doctor).  If you receive compensation that includes an amount for 

medical expenses, you will be required to pay for your medical treatment from those 

compensation monies.  You do not give up any legal rights to compensation by participating 

in this study. 

If you are not eligible for compensation for your injury or complication under the law, but 

are eligible for Medicare, then you can receive any medical treatment required for your 

injury or complication free of charge as a public patient in any Australian public hospital. 

Will participating in this study cost me anything, and will I be paid? 
Participation in this study will not cost you anything, and patients will not be paid for 
participating in the study. 
 
What happens with the results? 
If you give us your permission by signing the consent document, we plan to discuss/publish 
the results in scientific and clinical journals in the relevant fields of health. The results may 
also be presented at conferences or other professional forums. In any publication, 
information will be provided in such a way that you cannot be identified. Results of the 
study will be provided to you, if you wish. 
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Complaints 

This study has been approved by Western Sydney Local Health District Human Research 
Ethics Committee.  If you have any concerns about the conduct of the study, or your rights 
as a study participant, you may contact:   
 

Ms Jillian Gwynne Lewis, Westmead Hospital Patient Representative,  

(Contact details:  Telephone No 9845 7014  

Email address:  jillian.lewis@swahs.health.nsw.gov.au).   

 

You should quote  

HREC project number        HREC2011/11/4.8(3415) AU RED HREC/11/WMEAD/271 

 

Contact details 
When you have read this information, the researcher Ehsan will discuss it with you and any 
queries you may have. If you would like to know more at any stage, please do not hesitate 
to contact him on 0451 829794. If you have any problems while on the study, please contact 

 
Mr Ehsan Hamdy           

Working hours Telephone No - (02) 9833 3075 

After hours Telephone No -  0451 829794 
 

Thank you for taking the time to consider this study. 
 
If you wish to take part in it, please sign the attached consent form. 
This information sheet is for you to keep. 
 
 
  

mailto:jillian.lewis@swahs.health.nsw.gov.au
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CONSENT TO PARTICIPATE IN RESEARCH 

Project Title Novel Intervention for Cardiovascular Enhancement and Rehabilitation (NICER) 
 
Chief Investigator:   Ehsan Hamdy – PhD Candidate (CSU) 
Supervisor:  Prof. Lexin Wang (lwang@csu.edu.au) 
 
1. I understand that the researcher will conduct this study in a manner conforming to ethical and scientific 

principles set out by the National Health and Medical Research Council of Australia and the Good Clinical 
Research Practice Guidelines of the Therapeutic Goods Administration. 

 
2. I acknowledge that I have read, or have had read to me the Participant Information Sheet relating to this 

study.   I acknowledge that I understand the Participant Information Sheet.  I acknowledge that the 
general purposes, methods, demands and possible risks and inconveniences which may occur to me 
during the study have been explained to me by Ehsan Hamdy (“the researcher”) and I, being over the age 
of 16 acknowledge that I understand the general purposes, methods, demands and possible risks and 
inconveniences which may occur during the study. 

 
3. I acknowledge that I have been given time to consider the information and to seek other advice. 
 
4. I acknowledge that refusal to take part in this study will not affect the usual treatment of my condition. 
 
5. I acknowledge that I am volunteering to take part in this study and I may withdraw at any time. 
 
6. I acknowledge that this research has been approved by the Charles Sturt University and Western Sydney 

Local Health District Human Research Ethics Committees. 
 

7. I acknowledge that I have received a copy of this form and the Participant Information Sheet, which I have 
signed. 

 
8. I acknowledge that any regulatory authorities may have access to my medical records relevant to this 

study to monitor the research in which I am agreeing to participate.  However, I understand my identity 
will not be disclosed to anyone else or in publications or presentations.   

 
 
Before signing, please read ‘IMPORTANT NOTE’ following. 
 

IMPORTANT NOTE: 
This consent should only be signed as follows: 
1. Where a participant is over the age of 16 years, then by the participant personally. 
 
Name of participant _______________________________   Date of Birth __________________ 
 
Address of participant ____________________________________________________________ 
 
Signature of participant _______________________________Date: ______________________   

 

Signature of researcher ______________________________   Date: ____________________ 

 

Signature of witness _______________________________  Date: ____________________ 
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Appendix H BARE-Q Questionnaire 

 

Patient Survey 
 

Section A Patient perceived exercise barriers 
 

1. To what extent do you feel that time constraints limit your exercise participation?  
 
(Strongly disagree)      (Strongly agree) 
 1  2  3  4  5 
 

2. To what extent do you feel that your knowledge of exercise techniques limits your 
exercise participation? 
 
(Strongly disagree)      (Strongly agree) 

  1  2  3  4  5 
 

3. To what extent do you feel that your previous exercise history limits your current 
exercise participation? 
 
(Strongly disagree)      (Strongly agree) 

  1  2  3  4  5 
 

4. To what extent do you feel that the associated costs of exercise activities limits your 
exercise participation? 
 
(Strongly disagree)      (Strongly agree) 

  1  2  3  4  5 
 

5. What other factors (if any) do you feel may reduce your participation in exercise? 
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Section B Pain and fatigue symptoms 
 

1. Do you experience chronic pain in the neck, back or joints? (Y/N) 
 
If so, to what extent do you feel that this pain limits your participation in exercise? 
 
(Strongly disagree)      (Strongly agree) 
 1  2  3  4  5 
 
 

2. Do you experience chronic fatigue or tiredness through the day? (Y/N) 
 
If so, to what extent do you feel that this fatigue limits your participation in exercise? 
 
(Strongly disagree)      (Strongly agree) 
 1  2  3  4  5 
 

3. Have you sought professional advice in relation to any pain and/or fatigue 
symptoms? (Y/N) 
 
If so, to what extent has this advice helped in relieving your symptoms? 
 
(Strongly disagree)      (Strongly agree) 
 1  2  3  4  5 
 

4. Do you receive ongoing professional advice and/or support with pain and/or fatigue 
symptoms? (Y/N) 
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Section C Self-management 
 

1. To what extent do you feel that you control your own healthcare? 
 
(Strongly disagree)      (Strongly agree) 
 1  2  3  4  5 
 

2. To what extent do you feel you understand your condition and healthcare needs? 
 
(Strongly disagree)      (Strongly agree) 
 1  2  3  4  5 
 

3. Do you use any natural remedies (e.g. vitamin supplements, herbal remedies, topical 
creams, etc.)? (Y/N) 
 
If so, were these remedies professionally prescribed? (Y/N) 
 
Have you discussed any natural remedies you may be taking with your GP? (Y/N) 
 

4. Have you established any personal goals for your health? (Y/N) 
 
If so, what are these? 
 
 

5. To what extent do you feel motivated to change your health behaviour to achieve 
your personal goals? 
 
(Strongly disagree)      (Strongly agree) 
 1  2  3  4  5 
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Section D Healthcare service-chain 
 

1. In your opinion, who are the members of your cardiac healthcare service-chain? 
 
 

2. To what extent do you feel that your cardiac healthcare service-chain has provided 
you with information relevant to your current condition and healthcare? 
 
(Strongly disagree)      (Strongly agree) 
 1  2  3  4  5 
 

3. To what extent do you feel that your cardiac healthcare service-chain has involved 
you in the planning of your healthcare? 
 
(Strongly disagree)      (Strongly agree) 
 1  2  3  4  5 
 

4. To what extent do you feel that a clear strategy is in place towards achieving your 
personal healthcare goals? 
 
(Strongly disagree)      (Strongly agree) 
 1  2  3  4  5 
 

5. To what extent do you feel that your cardiac healthcare service-chain provides 
accessible support in relation to your health? 
 
(Strongly disagree)      (Strongly agree) 
 1  2  3  4  5 
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Section E Lifestyle and Activities of Daily Living (ADL) 
 

1. In your opinion, what are your activities of daily living? 
 
 
 

2. To what extent do you feel that your health limits your activities of daily living? 
 
(Strongly disagree)      (Strongly agree) 
 1  2  3  4  5 
 
 

3. To what extent do you feel that your health limits your participation in desirable 
lifestyle activities? 
 
(Strongly disagree)      (Strongly agree) 
 1  2  3  4  5 
 
 

4. How often do you currently exercise each week? 
 
 
 

5. In your opinion, how adequate is your current sleep pattern? 
 
(Strongly disagree)      (Strongly agree) 
 1  2  3  4  5 
 
 

6. In your opinion, how adequate is your current diet? 
 
(Strongly disagree)      (Strongly agree) 
 1  2  3  4  5 
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