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ABSTRACT 
 

Background: Rheumatoid arthritis (RA) individuals are at greater morbidity and mortality 
risk from developing cardiac and pulmonary disorders than the general population, primarily 
due to a sedentary lifestyle. 

Aims: This project aimed to (1) obtain information on the rheumatic and musculoskeletal 
disease (RMD) patents’ achieved/preferred exercise principles and awareness, (2) investigate 
the need to implement and safety, as depicted when a verification phase is added at the 
cardiopulmonary exercise tolerance test (CPET) in RA, to confirm the attainment of maximal 
effort, (3) evaluate potential differences between RA individuals and non-RA controls 
regarding the cardiopulmonary physiology and its association with the cardiorespiratory 
fitness (CRF) level and (4) assess possible cardiopulmonary changes following a supervised 
three-month aerobic high-intensity interval training (HIIT) regimen and examine its 
adherence in RA. 

Methods: A total of 298 individuals were recruited. A newly developed questionnaire in 
RMDs explored qualitative data about exercise. CRF was evaluated through a combined 
CPET with verification phase protocol. CPET was analysed for its sensitivity, specificity, 
positive and negative likelihood ratios (LH+/LH-), and diagnostic odds ratio (DOR). The 
verifications’ phase safety was examined through CPET's absolute and relative 
contraindications during monitoring and patient’s acceptability. Cardiopulmonary physiology 
was investigated via both echocardiography and complete pulmonary function tests (PFTs). 
To estimate the disease activity score (DAS28) ‐ C‐reactive protein (CRP) was used in people 
living with RA. 

Results: Study 1: The most preferred exercise routine characterised by a frequency of “2-3 
times per week”, moderate intensity, lasting “about an hour’’, with swimming being the best- 
suggested modality. In Study 2, a combined CPET with a verification phase protocol 
presented superior diagnostic accuracy and was free from safety issues for both people with 
RA and non-RA controls. In Study 3, in the absence of any overt cardiac and/or pulmonary 
disease, RA individuals presented with an eccentric cardiac remodelling and lung 
hyperinflation pattern compared to non-RA controls; CRF was associated (p<0.05) with left 
ventricular (LV) compliance and pulmonary function indices in both groups. Study 4: The 
HIIT programme revealed significant (p<0.05) improvements in pulmonary function, CRF, 
and reduced DAS28, while individuals adhered overall moderately to this regime. 

Conclusions: This Thesis concluded that: (1) exercise recommendations are not 
individualised according to the individuals’ needs and preferences in RMDs, (2) the 
combined CPET with a verification phase is a safe and necessary methodology to ensure a 
diagnostically accurate assessment of maximal effort for both people living with RA and non- 
RA controls, (3) people living with RA may present a parallel eccentric cardiac remodelling 
with a hyperinflation pattern in the subclinical phase, while CRF levels associate with 
cardiopulmonary function indices in both groups, and (4) a moderately adhered three-month 
aerobic HIIT exercise regimen can significantly improve pulmonary function, CRF, and RA's 
disease state. 
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CHAPTER ONE: INTRODUCTION 
 
 

People living with RMDs and RA suffer from a physically inactive lifestyle and a 

significantly increased risk of developing heart (Pham et al., 2006) and pulmonary disease 

(Bongartz et al., 2010). At the same, the World Health Organisation (WHO), has identified 

physical inactivity as the fourth leading risk factor for global mortality, while heart disease is 

the leading cause of death and chronic obstructive pulmonary disease (COPD) is being placed 

as third. As a result, exercise and/or PA is generally accepted as the most effective and best- 

buy non- pharmaceutical intervention to reduce the risk for both cardiac and pulmonary 

disease (World health statistics, 2020). Nevertheless, people living with RA remain 

physically inactive and even worse are often referred to as “sedentary”, despite evidence 

highlighting the positive consequences of exercise and/or PA engagement for RA outcomes 

(Sokka et al., 2008, Sanderson et al., 2010, Yu et al., 2015). Additionally, besides the well- 

reported beneficial effect of exercise on cardiovascular disease (CVD) risk factors, no 

previous studies have investigated the direct effect of exercise on both cardiac and pulmonary 

physiology in RA. As such, the purpose of this Ph.D., was to try and add new knowledge in 

this field of investigation. 

To reach a rounded approach through this project, we first discuss essential barriers 

that affect adherence to exercise (i.e., exercise preferences and awareness) and the diagnostic 

accuracy of the CRF evaluation, which is the main parameter that informs the exercise 

prescription. Specifically, the development of a patient-centred exercise regimen is 

communicated with specific recommendations at all different exercise components (i.e., 

frequency, intensity, time, type, modality) based on RMD individuals' feedback. Information 

about awareness of the health benefits  from exercise and the reasons RMD individuals 
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like/dislike such behaviour are also analysed and commented to understand further why RMD 

individuals remain physically inactive and/or sedentary. 

In addition, it is well evidenced that improvements in cardiovascular health, systemic 

inflammation, and physical function in RA are associated with higher levels of PA (Metsios 

et al., 2009, Verhoeven et al., 2015, Metsios et al., 2008, Ende et al., 1998). However, a 

‘dose-response’ relationship of this manner where a moderate-to-vigorous intensity of PA 

and/or exercise occurs, is demonstrated to be particularly beneficial for RA outcomes (de 

Jong et al., 2003, Rahnama and Mazloum, 2012). To pursue this, the valid examination of the 

CRF which will subsequently lead to the development of an accurate, and thus optimum, 

exercise prescription is crucially important. As such, in the following pages, we discuss the 

necessity and safety of implementing a combined CPET with a verification phase 

methodology in individuals diagnosed with RA towards developing more diagnostically 

accurate and, thus, clinically meaningful results from the CRF evaluation process. 

Directing to further explore the role of exercise in the cardiopulmonary physiology in 

RA through this Thesis, we then try to interpret outcomes generated from individuals with the 

disease and non-RA controls that both were physically inactive and underwent cardiac (i.e., 

echocardiography), pulmonary (i.e., PFTs), and cardiopulmonary system (i.e., CPET) 

evaluation. Adding more information to the reported prevalence of cardiac (Błyszczuk and 

Szekanecz, 2020) and pulmonary (Gregersen and Gravallese, 2018) morbidity in RA is 

essential. However, applying a complete pulmonary function assessment and the analysis 

provided from this project on the associations between CRF and cardiopulmonary outcomes 

was currently lacking from the literature. Given that exercise improves the CRF level, such a 

methodological approach could also inform the development of future studies that aim to 

investigate the potential existence of a beneficial cause-and-effect relationship between 

exercise and cardiopulmonary physiology. Intending to investigate this critical question 
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partially, we discuss the effect of a three-month exercise regimen in cardiac and pulmonary 

physiology in a group of RA individuals, in parallel with the results from individuals' 

adherence to this regimen to explore the ‘dose-response’ relationship between exercise and 

cardiopulmonary system in this population. Our rationale for this project including primary 

hypothesis, methodology, and results along with the clinical significance and interpretation of 

our findings are discussed in detail in the relevant Chapters and the General Discussion. 



Figure 2.1 Synovial joint structure, adopted from https://3dmusclelab.com/synovial-joint/ 

 

CHAPTER TWO: LITERATURE REVIEW 

 
Parts of this chapter are included in: Metsios, G. S., Panagiotis A. Vitalis, Aikaterini Tzika, 

Exercise as a Mean of Rehabilitation in Chronic Diseases (Chapter 6), Gerodimos, V. & 

Karatrantou K. (2021) Exercise for Health: Prevention & Rehabilitation. 

 
 

2.1. RHEUMATIC DISEASES & RHEUMATOID ARTHRITIS 
 

According to the EULAR, the term ‘rheumatism’ refers to various painful medical conditions 

that affect joints, bones, cartilage, tendons, ligaments, and muscles (Figure 2.1). Terms like 

‘rheumatic diseases’, ‘musculoskeletal diseases’, or just ‘arthritis’ are used interchangeably 

and refer to all rheumatic diseases. They are characterised mainly by pain and a reduced 

range of motion and function in one or more areas of the musculoskeletal system. Their 

diagnosis is challenging, as more than 200 different diseases span from various types of 

arthritis to osteoporosis and on to systemic connective tissue diseases, having RA be the most 

prevalent chronic autoimmune condition (McInnes and Schett, 2011). RA had probably 

appeared thousands of years ago in early Native American populations, but in Europe, it had 

not occurred until the 17th century (Firestein, 2003). Although it was first introduced in the 

1850s (Storey et al., 1994), RA classification criteria developed only 50 years ago (Arnett et 

al. 1988).                                                                                                                                                                                                                             
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RA is characterised by a direct impact on the joints, mainly attributed to the synovial 

inflammation and hyperplasia (“swelling”), along with autoantibody production [rheumatoid 

factor and anti-citrullinated protein antibody (ACPA)] that leads to cartilage and bone 

destruction (“deformity”) (McInnes and Schett, 2011). RA is also associated with 

cardiovascular, pulmonary, psychological, skeletal disorders (McInnes and Schett, 2011) and 

extraarticular manifestations (Smolen et al., 2016), indicating that this non-communicable 

disease imposes a significant burden for the individual. 

 
 
 

2.2 AETIOLOGY & PATHOGENESIS OF RHEUMATOID ARTHRITIS 
 

The aetiology of RA is not entirely clear. Emerging data suggest that RA-related 

autoimmunity may be initiated at a mucosal site years before the onset of joint symptoms, 

while the candidate sites of origin include the oral, lung and gastrointestinal mucosa 

(Demoruelle et al., 2014). There are two major subtypes regarding the pathogenesis of RA 

according to the presence or absence of anti-citrullinated protein antibodies (ACPAs) (Guo et 

al., 2018). ACPAs can be detected in approximately 67% of RA individuals and serve as a 

useful diagnostic reference for individuals with the early and undifferentiated disease to 

estimate a potential progression through RA (Nishimura et al., 2007). Namely, the ACPA- 

positive subset of RA has a more aggressive clinical phenotype than the ACPA-negative 

subset of RA (Malmström et al., 2017). To date, the antigen(s) that triggers the initial 

inflammation in RA remains to be elucidated, although research suggests some potential risk 

factors described below. 

2.2.1 Genetic Susceptibility 
 

The fact that first degree relatives are more prone to develop RA in contrary to the general 

population, may suggest that there is a genetic predisposition for RA (Deighton et al., 1992). 
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The fact that first degree relatives of people living with RA develop the disease in a higher 

rate than the general population also adds to the evidence that there may be a genetic 

predisposition to RA (Deighton et al., 1992). The most definite genetic association with RA 

is specific antigens within the major histocompatibility class II complex (Human Leucocyte 

Antigen-HLA DRB1*0404 and 0401). 

2.2.2 Age & Gender 
 

RA is not age or gender specific, however differences between age groups and genders do 

exist. The fifth decade of life seems to play a crucial role for the development of RA, as 

according to epidemiological studies, during or after this time point the disease onset is more 

prevalent (Alamanos and Drosos, 2005). However, any time during the lifespan, even young 

children can still suffer from RA (juvenile idiopathic arthritis). Between the genders, females 

suffer from a twofold-trifold prevalence of developing the disease, compared to males 

(Alamanos and Drosos 2005, Gabriel et al., 1999, Symmons et al., 2002), most likely due to 

the involvement of hormones. 

2.2.3 Hormones 
 

Observational studies from pregnant women have demonstrated that pregnancy has an 

ameliorating effect on RA and suggest an influence of hormonal factors in the occurrence and 

progression of the disease (Hazes and Zeben, 1991). Given that androgens have an 

immunosuppressive, as opposed to oestrogens which are known to stimulate the immune 

system, the hormone-related relationship between females and RA could be explained by: a) 

the corticotrophin-releasing hormone, which directly stimulates production of the major 

androgen in women dehydroepiandrosterone   (Smith, 1998), and could explain the reason 

why the disease during pregnancy is presented with remission, b) oral contraceptives reduce 

disease severity (Zeben et al., 1990) or could even protect against its development (Hazes and 
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Zeben, 1991, Koepsell et al., 1994), and c) the production of alloantibodies during pregnancy 

that block the function of HLA-DR epitopes and could thus down-regulate the disease 

(Moynier et al., 1987, Kim et al., 2003). More evidence that pregnancy may act as an 

inhibitory signal for RA development stems from the fact that all the above the positive 

effects of pregnancy on RA, revert in the post-partum period (Alamanos and Drosos, 2005). 

2.2.4 Infectious Agents and Other Risk Factors 
 

There are many different infectious agents like: a) retroviruses, b) parvoviruses, c) 

mycobacteria, d) Borrelia, and e) Mycoplasma that are been indicated as possible triggers of 

RA. However, the virus that has been investigated the most and implicated in the 

development of RA is Epstain-Bar (Krause et al., 1996, Schaeverbeke et al., 1997). 

Smoking: The initiation of RA seems to be associated with smoking. In specific, the 

smoking effects appears to be dose-dependent, with heavy smoking associated with an 

increased risk for seropositive disease (Wilson and Goldsmith, 1999). Some studies suggest 

that smoking also affects the disease severity and outcome (Harrison, 2002, Manfredsdottir et 

al., 2006), although others disagree (Finckh et al., 2007). 

Diet: According to research findings, consumption of fish, olive oil and vegetables 

could have a protective role against RA (Cleland et al., 2003). Similarly, it has been 

suggested that disease severity can be alleviated by increased intake of such food as well as 

reduced fat intake (Cleland and James, 2002). The omega-3 fatty acids (fish) along with other 

antioxidants (derived predominantly from vegetables) are also associated with a reduced RA 

prevalence (Alamanos and Drosos, 2005). 

Ethnicity: The progression of RA has been also associated with genetic variations in 

the rheumatoid epitope in different populations (Drosos et al., 1992, Drosos and 

Moutsopoulos, 1995, Gorman et al., 2004). 
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2.3 PREVALENCE & BURDEN OF RHEUMATOID ARTHRITIS 
 

Prevalence of RA is between 0.5% and 1% worldwide, with an incidence between 25 and 50 

new cases yearly in a population of 100,000 (Uhlig and Kvien, 2005) (Figure 2.2), having 

both prevalence and incidence rates about 2 to 4-fold higher in women, while symptoms 

appear to be more severe in women than in men (Kvien, 2004). In European and 

Scandinavian countries, the prevalence varies from 0.4–3.0%, similarly in North America 

Caucasian populations between 0.5 and 1% (Kvien, 2004). A much higher prevalence range 

of 0.4–8.2% was detected in American Indians of North America when the Chippewa Indian 

females showed a prevalence of 8.2%, and the Pima Indians adults >20 years of age reported 

5.3% (Del Puente et al., 1989, Kvien, 2004). The above variation for these geographical 

differences in the prevalence of RA, could be partially explained by: a) genetical reasons, b) 

environmental factors (such as weather, smoking, alcohol consumption, stress and diet), c) 

culture and d) differences in the study designs and in the way the classification criteria are 

applied (Kvien, 2004). 

 
 

Figure 2.2 Prevalence of rheumatoid arthritis in the adult population of various world 
regions (Agmon-Levin et al., 2010) 

 
 

Clinical manifestations, outcome measures and structural changes in bone and joint by 

imaging modalities constitute methods to measure the impact of RA (Uhlig et al., 2014). The 
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burden of the disease should be seen holistically with the epicentre being the patient’s 

perspective and the effects that RA has on them, while other very important parameters are 

employment and healthcare costs (Uhlig et al., 2014). The health care burden of RA can be 

subdivided into: 1) its morbidity, mortality and consequent effects on quality of life, and 2) 

its economic impact which, depending on the approach, can be measured in terms of both a) 

the direct costs of the illness to individuals and their families and b) the indirect costs 

attributable to productivity losses (Kvien, 2004). According to recent studies, it is suggested 

that more than 2.3 million individuals are diagnosed with RA in Europe, generating annual 

direct and indirect costs of management of over €45billion (Kvien, 2004, Lundkvist et al., 

2008). The direct costs of RA are related to the detection, treatment and/or prevention of the 

disease running costs and more specifically: physician visits, diagnostic and laboratory tests, 

medication, ‘iatrogenic costs’ of treating medication-induced adverse effects, hospitalisation, 

surgical procedures, social care, and costs associated with impairment of the functional status 

of the patient (Kvien, 2004). Indirect costs, on the other hand, which are mainly caused by the 

musculoskeletal effects of the disease, are those responsible for a) the reduced productivity 

(absences and diminished effectiveness at work), and b) losses attributable to the disease 

preventing individuals from taking better-paying or full-time jobs (Kvien, 2004, Uhlig et al., 

2014). Indirect costs also include the loss of quality of life, co-morbidity (increased risk of 

cardiovascular disease (CVD), infections, and cancer), pain, fatigue, social dysfunction, 

mental stress, frustration and lack of self-esteem (Kvien, 2004, Uhlig et al., 2014). 

 
 
 

2.4 CLINICAL MANIFESTATIONS OF RHEUMATOID ARTHRITIS 
 

Every joint where cartilage overlies bone and the joined cavity lined by the synovial 

membrane and containing synovial fluid can be affected by RA. Synovium, constitute the 
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major site of the disease, and at the beginning of the disease the main disease related 

characteristic is tissue oedema, which is accompanied by pain and swelling (Jansen et al., 

2001). Synovial lining hyperplasia starts to develop, becoming more pronounced as the 

disease progresses (Henderson et al., 1988); this is caused by vessel proliferation and 

angiogenesis which is noticeable in arthroscopy (Koch, 2000). As the disease is becoming 

chronic, the predominant disease manifestation is the exuberant synovial infiltration by 

mononuclear cells, consisting of T cells, B cells, macrophages and mature B lymphocytes. As 

the angiogenesis continuous, the degree of the content of cellular infiltration changes (Koch, 

2000). As a result, a combination of inflammatory cells that produces a range of oxygen free 

radicals and proteolytic enzymes, form a hyperplastic and aggressively invasive tissue that 

develops in the joint margin (“pannus” tissue) (Tak, 2001). 

2.4.1 Cytokines & Rheumatoid Arthritis 
 

Cytokines are low-molecular weight proteins or glycoproteins (proteins which contain 

carbohydrate). By providing communication among macrophages and lymphocytes, they 

function as messengers of the immune response. The target cell, in order to respond in a 

genetically exceptional manner, is been instructed during the immune response by cytokines 

which are bound to specific receptors on a neighbouring cell (Alcocer and Varela, 2001). An 

increased production of proteins that are inserted in the plasma membrane and function as 

receptors, constitute a common response of a target cell. Many of these receptors are specific 

for various cytokines, but others are necessary for protection against infectious agents 

(Miossec, 1992) . The role of cytokines concerns: a) homeostasis, b) control of development 

of leucocyte lineages, c) activation of inflammatory mechanisms, d) the repair and 

remodelling of damaged tissue, and e) act as mediators of pathology in infectious, 

inflammatory and immune diseases (Duff, 1994). According to their origin and function in 

inflammation, cytokines can be classified into groups, either locally or systemically. The two 
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pro-inflammatory locally produced cytokines, with a significant effect in the 

pathophysiological mechanisms causing synovial inflammation and progression of joint 

destruction, are interleukin 1 (IL-1) and TNFα (Duff, 1994). The exact mechanism which 

stimulates the increased expression of IL-1 and TNFα in the rheumatoid joint, remains 

unclear; however, the main source may possibly be the macrophages in the inflamed 

synovium (Firestein and Manning, 1999). 

2.4.2 Extra-articular Manifestations of Rheumatoid Arthritis 
 

The presence of extra-articular manifestations is a very common characteristic of RA, and 

compared to general population, RA individuals presented with increased prevalence of 

numerous comorbidities (Ramos et al., 2019). Individuals with high disease activity and 

increased levels of inflammation (such as CRP) (Turesson et al., 2003) are more likely to 

suffer from extra-articular manifestations and experience increased morbidity and mortality 

(Turesson et al., 1999). The organ systems that are affected from RA and cause extra- 

articular manifestations, include: 1) cardiovascular (Metsios et al., 2020), 2) pulmonary (ILD- 

interstitial lung disease, pleural effusion, nodules) (Gregersen and Gravallese, 2018), 3) 

muscle (rheumatoid cachexia) (Roubenoff et al., 1994), 4) blood (anaemia, thrombocytosis, 

Felty's syndrome, large granulocytic leukaemia, non-Hodgkin's lymphoma) (Bowman, 2002), 

5) vascular (vasculitis) (Turesson and Jacobsson, 2004), 6) nervous (neuropathy) (Laiho et 

al., 2002), 7) bone (osteopenia and osteoporosis) (Ramos et al., 2019), 8) ocular 

(keratoconjunctivitis sicca, scleritis, episcleritis, peripheral ulcerative keratitis) (Young, 

2005), 9) salivary glands (secondary Sjögren's syndrome with dry eyes and mouth) 

(Cronstein, 2007), and 10) skin (cutaneous vasculitis, nodules) (Charles et al., 2004). In 

addition, given that physical inactivity is associated with a range of non-communicable 

diseases and premature death worldwide (Ding et al. 2016), it is important to mention that 

people living with RA - the most common rheumatic disease - report a high prevalence of 
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physical inactivity, which ranges between 45% to more than 80% (Sokka et al. 2008).   For 

the purposes of this project, only the relevant cardiac and pulmonary disorders will be 

discussed below. 

2.4.3 Cardiovascular & Pulmonary Disease in Rheumatoid Arthritis 
 

There is robust evidence in the literature that people living with RA suffer from an 

approximate 70% excess mortality rate (Pham et al., 2006), with 50% of this attributed to 

CVD (Del Rinc et al., 2001) and 13% to pulmonary complications (Bongartz et al., 2010, 

Doyle et al., 2000). In such cases, there is a 3-fold increased adjusted risk of myocardial 

infraction, particularly in individuals with long-standing disease (Solomon et al., 2003). 

Moreover, about 8–15% of people living with RA will develop significant restrictive lung 

disease, most commonly ILD (Bongartz et al., 2010). To date, there is no clear explanation 

for the exact reasons of these observations, however, classical CVD risk factors {i.e. 

hypertension (Panoulas et al., 2007), dyslipidaemia (Toms, 2009), insulin resistance (Dessein 

and Joffe, 2006)}, the increased levels of inflammation (main disease related characteristic) 

(Metsios et al., 2020), antirheumatic medication, and chronic immune activation, have been 

shown to affect both cardiac and pulmonary health in this population. 

 
 
 

2.5 PHYSICAL ACTIVITY, EXERCISE & RHEUMATOID ARTHRITIS 
 

Parts of this chapter have been published in: Metsios et al (2020). The effects of exercise on 
cardiovascular disease risk factors and cardiovascular physiology in rheumatoid arthritis. 
Rheumatology International, 40(3), 347-357. doi:10.1007/s00296-019-04483-6 

 
 

Physical Activity vs Exercise: Although both PA and exercise are often used interchangeably, 

they are not synonymous. In specific, PA is defined as any bodily movement produced by the 

contraction of skeletal muscles that results in a substantial increase in caloric requirements 
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over resting energy expenditure (Caspersen et al., 1985, Rochmis, 1971). On the other hand, 

exercise is a type of PA that is planned, structured, and repetitive bodily movement, which 

has the purpose to improve and/or maintain one or more health-related outcomes (Caspersen 

et al., 1985). For example, athletes will exercise to improve their CRF while individuals (of 

any non-communicable disease) may exercise to reduce disease related symptoms (i.e, 

fatigue) or improve their functional ability. 

2.5.1 Physical Activity/Exercise & Health Benefits in Rheumatoid Arthritis 
 

There is accumulated evidence nowadays that avoiding PA and exercise and being sedentary 

associates with an increased risk for CVD in RA (Fenton et al., 2018b, Fenton et al., 2018a, 

Fenton et al., 2017). In contrast, engaging and/or increasing PA/exercise levels in RA can 

evidently have significant benefits in multiple different disease-related outcomes and 

systemic manifestations of this disease. In specific, increasing PA and/or exercise levels in 

RA results in improved CRF and muscular strength (Hurkmans et al., 2009), while at the 

same time it reduces functional disability, pain and radiological damage (de Jong et al., 2003, 

Hurkmans et al., 2009), as well as fatigue (Dartel et al., 2015). Moreover, PA and/or exercise 

significantly improves vascular function and reduces CVD risk in RA (Stavropoulos et al., 

2013, Metsios et al., 2014, Metsios et al., 2015). In specific, the role of exercise (Figure 

2.5.1) could be summarised as: 

a. Exercise effects on atherosclerosis & inflammation in RA 
 

Atherosclerosis is developed by the accumulation of lipids and fibrous elements in the 

endothelium (tunica intima), predominantly in large coronary arteries (Libby, 2002). It is 

modulated by inflammatory processes throughout its development (endothelial activation, 

foam cell formation and decreased cholesterol efflux, and plaque destabilization) (Metsios et 

al., 2020). Exercise seems to be able to partly reverse the following physiological processes 
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that associate with the atherosclerotic process in RA individuals through: a) an improved 

lipid profile (Metsios et al., 2009, Metsios et al., 2015, Stavropoulos et al., 2013), b) reduced 

oxidization of low‑density lipoprotein and oxidative stress (Wadley et al., 2014), c) reduced 

inflammation where surprisingly, exercise and inflammatory load in RA has only been 

investigated as a secondary outcome with conflicting findings (Metsios et al., 2020). 

b. Exercise effects on other classical CVD risk factors 
 

Hypertension: Based on observational studies, higher levels of exercise and CRF are 

associated with lower systolic BP in RA individuals (Metsios et al., 2009, Metsios et al., 

2015), while a controlled study of combined aerobic and strength training also showed a 

significant reduction in both systolic and diastolic BP, comparing to a no exercise control 

group (Stavropoulos et al., 2013). Although the exact mechanisms for this phenomenon have 

still to be elucidated in RA, in general, reduced peripheral vascular resistance, the increased 

nitric oxide bioavailability, and enhanced baroreceptor sensitivity are just some of the 

mechanisms studied in the general population (Hamer, 2006). 

Insulin resistance: Insulin resistance is highly prevalent in RA individuals as opposed 

to non-RA controls up to 31% (Giles et al., 2015). However, there are indications to suggest 

that higher PA and CRF levels are associated with reduced insulin resistance in RA (Metsios 

et al., 2009, Metsios et al., 2015). The enhanced translocation of the insulin-mediated glucose 

transporter type 4 (GLUT-4, an insulin-regulated glucose transporter) via exercise from 

intracellular storage depots to the plasma membrane and T-tubules after exercise-induced 

muscle contraction is thought to be the mechanisms that may be held responsible for lower 

insulin resistance in response to exercise (Metsios et al., 2020). A meta-analysis from the 

Cochrane Library showed that both aerobic and resistance training have statistically and 

clinically effects on glycaemic control in type II diabetes (Thomas et al., 2006). In RA, 
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higher PA and CRF are associated with reduced insulin resistance (Metsios et al., 2015, 

Metsios et al., 2009), however, appropriately designed controlled trials are needed to confirm 

these findings (Metsios et al., 2020). 

Obesity: Due to disease-related reasons, RA individuals' overt tendency to maintain a 

more sedentary and/or inactive lifestyle may be one of the main reasons why obesity and 

overweightness are more prevalent compared to the general population in RA individuals 

(Stavropoulos et al., 2011). Obesity associates independently with CVD risk factors in RA 

(Stavropoulos et al., 2009) and is a potential drive of the inflammatory state of the disease 

(Nikiphorou et al., 2018). Results from two meta-analyses of the general as well as 

overweight/obese populations, as there is a dearth in the RA population (Metsios et al., 2020), 

showed that a) implementing exercise in a dose-dependent manner may reduce adiposity even 

if this is not accompanied by caloric restriction (Verheggen et al., 2016), and b) the need for 

dietary interventions to be contributed by exercise to reduce adiposity (Clark, 2015). 

Rheumatoid cachexia: An underdiagnosed, though important, systemic manifestation 

in RA is rheumatoid cachexia. It is a condition characterized by increased fat deposition and 

reduced muscle mass, while weight remains unchanged (Roubenoff et al., 1994, Summers et 

al., 2010). This change in body composition seen in RA may contribute to the increased 

prevalence of a CVD phenotype, because of the increased fat deposition (Summers et al., 

2010). However, more research is needed to develop appropriate diagnostic criteria and 

explore further to establish the burden of rheumatoid cachexia in this population (Metsios et 

al., 2020). 
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Figure 2.5.1 Effects of exercise on CVD risk factors 
 
 
 

2.5.2 Physical Activity/Exercise Barriers and Facilitators in Rheumatoid Arthritis 
 

According to the results from a review of the literature from Yet et al. (2015) about the PA 

barriers and facilitators in RA, pain and fatigue are frequently mentioned as barriers for 

stopping people with RA to engage in PA and/or exercise, while at the same time, the 

exercise-induced reductions in pain and fatigue are perceived benefits of PA and exercise 

from the same patient population (Veldhuijzen van Zanten et al., 2015). So, the factors that 

act as barriers are those that significantly improve. Results also demonstrate that even though 

exercise does not influence the existence of such barriers, physically active individuals 

appear to be more capable of overcoming them. In addition, encouragement from health 

professionals and friends/family are important facilitators for both PA and exercise 

(Veldhuijzen et al., 2015). Even more, unfortunately for many years rheumatology healthcare 

practitioners have advised rest rather than PA in RA individuals mainly due to fear of 

exacerbating disease symptoms (Veldhuijzen et al., 2015). However, there is now collective 
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evidence to show that PA, even high intensity exercise, is safe in RA with no studies in the 

literature reporting any adverse effects (Metsios and Lemmey, 2015). 

2.5.3 The Role of Exercise Testing & Prescription in Rheumatoid Arthritis 
 

It is important to mention herein that exercise and/or PA has a dose-dependent relationship 

with health outcomes, and thus, higher intensities will result in better effects. Specifically, the 

benefits of moderate exercise are indisputable (Merghani et al., 2015), even in high intensities 

where considerable evidence is accumulating regarding the use of such strategies for 

individuals with a non-communicable diseases (Ross et al., 2016). As such, the notion of 

“exercise as medicine” which has transformed into “exercise is medicine” nowadays is 

popular and stresses the importance for a specific and tailor-based exercise prescription in 

non-communicable disease. The same is true for RA, since the EULAR has published 

recently specific recommendations for PA in RMDs (Osthoff et al., 2018) but also has 

invested to implement these recommendations in clinical practice (Metsios et al., 2019). An 

objective evaluation of the CRF level through the CPET is a prerequisite to forming a 

detailed program in terms of intensity to develop an effective exercise regimen. However, the 

patient's performance during the test constitutes also the best clinical evaluation that allows 

extracting meaningful information for the rest exercise principals of frequency, time, and type 

(FITT principle). After considering the individuals΄ specific needs and preferences, it 

generates the potential for developing a successful exercise regime to help the patient adhere 

to a more physically active and healthy lifestyle. Given that RA individuals suffer from 

excessive inflammation and structural joint damage which generates pain, the adherence into 

any exercise program is quite challenging and the need for developing such programs of 

major importance. 
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1. Cardiopulmonary Exercise Tolerance Test 
 

a. Cardiorespiratory Fitness 
 

CRF is the gold standard indicator of physical fitness and encompasses the human’s ability to 

perform large muscle, dynamic, moderate-to-vigorous intensity exercise for prolonged 

periods of time. The condition/fitness of the respiratory, cardiovascular and musculoskeletal 

systems will determine the exercise performance of the individual, and low CRF levels have 

been associated with increased risk for comorbidity and mortality (Ross et al., 2016). Even 

more, a potential improvement of the CRF level, has been associated will decrease the all- 

cause mortality, especially from CVD, and high CRF levels are associated with higher levels 

of habitual PA, which in turn is associated with numerous health benefits (Blair et al., 1995, 

Blair et al., 1989, Kodama et al., 2009, Sesso et al., 2000, Wang et al., 2010). As such, the 

assessment of the CRF level is of great importance, because it will be the indicator of the 

exercise intensity the individual should aim for (i.e., the use of CRF maximal heart rate (HR) 

will be used to determine the exercise program intensities). To determine this, the individual 

should undergo a CPET under the supervision of a highly skilled exercise specialist 

combined with a cardiac physiologist or doctor (depending on the system and the country) to 

ensure a safe evaluation and the interpretation and communication of the results in an 

effective manner. 

b. The Maximal Oxygen Uptake 
 

VO2max is the product of the maximal cardiac output (Q=HR x SV; L blood·min-1) and 

arterial-venous oxygen difference (mL O2 · L blood-1) [VO2 = HR x SV x a-vO2dif] and is 

established as the main factor determining CRF. It is generally expressed in relative (mL·g-1* 

min-1) in contrary to absolute (mL·min-1) terms, the later mainly used for clinically important 

comparisons among individuals with different body sizes. During the CPET, when the 
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individual reaches the VO2max value should stop the test due to cardiorespiratory limitations. 

That is because the upper limit of the heart's function is closely related to VO2max, something 

that shows the individual’s actual physiologic limit. VO2max is non-well defined yet, however, 

as there is a lack of consensus to conclude with the standardised criteria to confirm its 

attainment at the end of the assessment (Astorino et al., 2009). The most regarded indicator 

for true VO2max attainment is the plateau's presence in oxygen consumption (VO2 plateau) at 

the end of the test, despite the increase in exercise intensity achieved by an elevated external 

workload. This plateau, however, is rarely seen in non-athletes or clinical populations (Arena 

et al. 2007). Thus, when the true maximal effort cannot be assessed, peak VO2 is used instead 

(McArdle et al., 2015). Falsely, the terms of VO2max and VO2 plateau are misused in the 

literature, as they used interchangeably. Also, secondary criteria are extensively used to 

assume for the validation of VO2max, which has as a consequence an underestimation of true 

VO2max or falsely reject tests with true VO2max attainment that could reach the percentage of 

30-40% (Poole et al., 2007, Midgley et al., 2009). 

During a graded incremental or ramp maximal exercise test, an open circuit 

spirometry is used to evaluate VO2max, also called indirect calorimetry. During this procedure, 

the individual breaths through a face mask which occludes the nose while pulmonary 

ventilation and expired oxygen (O2) and carbon dioxide, (CO2), are constantly measured. 

There are different available modalities to measure the CRF level, including treadmill, cycle 

ergometer and arm ergometer. The selected mode can impact the result, as for example, 

treadmill-based protocols tend to produce up to 20% greater VO2max values when compared to 

cycle-based protocols (Beltz et al., 2016). Also, when the VO2max is not feasible, there is 

plethora of maximal and submaximal tests to estimate it. However, the selection of the 

VO2max testing protocol is important as different protocols may overestimate and, more likely, 

underestimate the actual VO2max value. Even more, the selected protocol need to be carefully 
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chosen to avoid inaccurate data, which can be the case due to a wrong decision of the 

protocol, or after prolonged use of the handrail (Myers et al., 2009). As for the decision 

whether to use a maximal or submaximal exercise test, depends on a) the driving reason for 

the test, b) level of risk for the individual, and c) availability of appropriate equipment and 

personnel. In the scenario that a VO2max test is not applicable, the most accurate estimate is 

achieved from the HR response to submaximal exercise (Haff et al., 2019, Heyward, 2006). 

The clinical utility of the CPET is described in several evidenced-based guideline 

statements from different clinical entities. A holistic approach from the American Thoracic 

Society/American College of Chest Physicians Statement on Cardiopulmonary Exercise 

Testing (2003), encompasses indications related to evaluating the individual’s overall current 

health state, pre-operative evaluation, response to treatment and exercise prescription. Given 

that clinical populations with different pathophysiology may gain benefit from the CPET due 

to the broad clinical applicability that it provides, thus, there are absolute and relative 

contraindications generated from the American College of Sports Medicine (ACSM) 

(Thompson et al., 2013). 

2. Exercise prescription 

 
An exercise regime ideally should be designed to meet individual health and physical fitness 

goals. Aerobic, resistance, flexibility, and neuromotor exercise training (or a combination of 

these modalities) constitute the different exercise modalities for an exercise prescription, 

while each exercise session should be consisted of 1) warm up, 2) conditioning, 3) cool 

down, and 4) stretching phases. The PA guidelines help the exercise specialist to determine 

the frequency (how often), intensity (how hard), time (duration or how long), type (mode or 

what kind), total volume (amount), and progression (advancement) - FITT-VP -, according to 

different populations (healthy trained/sedentary or individuals). In specific, the above 
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recommendations based on the ACSM guidelines (Thompson et al. 2013, Garber et al., 2011) 

include: 

Frequency: Moderate intensity aerobic exercise done at least 5 d · wk−1, or vigorous 

intensity aerobic exercise done at least 3d · wk−1, or a weekly combination of 3–5d · wk−1 of 

moderate and vigorous intensity exercise is recommended for most adults to achieve and 

maintain health benefits. 

Intensity: Moderate [e.g., 40%–59% HR reserve (HRR) or oxygen reserve (O2R)] to 
 

vigorous (e.g., 60%–89% HRR or O2R) intensity aerobic exercise is recommended for most 

adults, and light (e.g., 30%–39% HRR or O2R) to moderate intensity aerobic exercise can be 

beneficial in individuals who are deconditioned. Interval training may be an effective way to 

increase the total volume and/or average exercise intensity performed during an exercise 

session and may be beneficial for adults (Ross et al., 2016). 

Time: Most adults should accumulate 30–60 min·d−1 (≥150 min · wk−1) of moderate 

intensity exercise, 20–60 min·d−1 (≥75 min·wk−1) of vigorous intensity exercise or a 

combination of moderate and vigorous intensity exercise daily to attain the recommended 

targeted volumes of exercise. This recommended amount of exercise may be accumulated in 

one continuous exercise session or in bouts of ≥10 min over the course of a day. Durations of 

exercise less than recommended can be beneficial in some individuals. 

Type (mode): Rhythmic, aerobic exercise of at least moderate intensity that involves 
 

large muscle groups and requires little skill to perform, is recommended for all adults to 

improve health and CRF (Maslov et al., 2018). Other exercise and sports requiring skill to 

perform, or higher levels of fitness are recommended only for individuals possessing 

adequate skill and fitness to perform the activity. 
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Volume: A target volume of ≥500–1,000 MET-min· wk−1 is recommended for most 

adults. This volume is approximately equal to 1,000 kcal · wk−1 of moderate intensity PA, 

~150 min· wk−1 of moderate intensity exercise, or pedometer counts of ≥5,400–7,900 steps · 

d−1. Lower exercise volumes can have health/fitness benefits for deconditioned individuals; 

however, greater volumes may be needed for weight management. As per the findings from 

recent metanalyses, weight reductions cannot be achieved with exercise only, but caloric 

restriction is required too (Clark, 2015). On the other hand, body fat and muscle mass, can 

change significantly with exercise only and in the absence of caloric restriction (Verheggen et 

al., 2016). This is because, after 3 months of exercise, weight remains the same, but we gain 

more muscle, loose fat, so weight does not change. 

2.5.4 Exercise and Cardiac Physiology in Rheumatoid Arthritis 
 

PA and/or exercise is known to improve physical fitness and overall health substantially by 

reducing morbidity and mortality (Lee et al., 2012). Although PA and/or exercise was 

initially incorporated in the rehabilitation process of individuals with cardiovascular and 

respiratory diseases, it is constantly evolving nowadays and being widely suggested as an 

integral part of optimum management of other non-communicable diseases, like RA. Given 

that RA individuals present alarmingly low levels of CRF (Metsios et al., 2015), which 

constitute an independent risk factor of CVD morbidity and mortality (Lee et al., 2010), and 

an increased incidence for developing future cardiovascular (Fine et al., 2014) or lung disease 

(Shaw et al., 2015), the investigation of the effects of exercise with both cardiac and 

pulmonary function is crucial in RA. This knowledge will aid in understanding the 

mechanisms of how CRF and exercise improve individuals’ overall health (cardiac, vascular, 

and pulmonary) as well as the quality of life. It is surprising, therefore, that none of these 

studies exists in this patient population. 
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1. Cardiac physiology in Rheumatoid Arthritis 

 
Literature findings suggest that people living with RA suffer from a twofold higher risk of 

developing CVD and twice as high risk of developing heart failure (HF) as the general 

population ( Crowson et al., 2005, Fine et al., 2014, Aslam et al., 2013, Liang et al., 2010, 

Myasoedova et al., 2013, Nicola et al., 2005, Midtbø et al., 2017). Even more importantly, 

data from recent studies suggest that RA, as a disease itself, constitute an independent risk 

factor for impaired cardiac physiology, affecting the cardiac structure, function and 

mechanics (Midtbø et al., 2017, Crowson et al., 2005, Liang et al., 2010, Nicola et al., 2005). 

Although the clinical manifestations of these findings require further investigation, it is now 

suggested that chronic inflammation and IL-6  may play a crucial role in damaging the 

myocardial function in RA (Liang et al., 2010). 

Specifically, based on the results of a systematic review and meta-analysis from 

Corrao et al. (2015), RA individuals reported increased absolute and indexed LV mass, 

suggesting the use of LV mass as a surrogate marker for clinical trials in this population 

(Corrao et al., 2015). The proinflammatory cytokine TNFα could, in part, explain the 

promotion of cardiac pathologic myopathy (LV mass impairment) by its role in mediating the 

effects of angiotensin II (Sriramula et al. 2008)- a protein whose presence in the bloodstream 

triggers aldosterone secretion, and has as a consequence the blood pressures' tendency to 

increase. In general, cardiac hypertrophy is an adaptive process in which the heart tries to 

compensate for volume or pressure overload, that occurs as a result of increased stress. 

Hypertrophy, could be due to an increase in pressure, common in hypertension or resistance 

training, results in a concentric hypertrophic phenotype, whereas an increase in volume, as 

seen with valvular defects or endurance training, results in an eccentric hypertrophic 

phenotype (Müller and Dhalla 2012). Either pathological (cardiomyopathy) or physiological 

(exercise-induced) situations may cause both types of cardiac hypertrophy. However, these 
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are challenging to distinguish as they do not share common characteristics (adaptive 

physiology vs. pathologic myopathy). Adding to this, according to Myasoedova et.al (2013), 

RA associates with abnormal LV remodelling, especially concentric remodelling, even after 

adjusting for CVD risk factors and comorbidities (Myasoedova et al., 2013). With regards to 

the diastolic function, according to the results from a systematic review and meta-analysis 

from Aslam et al. (2013), people living with RA are more likely to present with: a) 

echocardiographic parameters of diastolic dysfunction, b) higher systolic pulmonary artery 

pressures and c) larger left atrial sizes (Aslam et al., 2013). Regarding the systolic function 

and mechanics, global longitudinal LV and right ventricular strain is reduced in people living 

with RA compared with non-RA controls (Fine et al., 2014). Even more, despite normal 

ejection fraction and irrespective of traditional CVD risk factors, RA is associated with lower 

LV systolic myocardial function (Midtbø et al., 2017). 

Given the CVD prevalence in RA and the multiple positive effects from exercise in 

CVD risk factors explained above, it comes as no surprise that exercise may have the 

potential to protect from the detrimental impact that RA may have on heart physiology. 

However, no studies are evaluating the effect of CRF level on cardiorespiratory physiology 

and specifically on cardiac structure and function. However, data on the heart’s adaptation to 

exercise stimulus exists, mainly in athletes or physically active healthy individuals (described 

below in Figure 2.5.2). The following section provides a brief overview of the effects of 

exercise on cardiac physiology. 
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Figure 2.5.2 Exercise-induced functional and structural adaptations. Insulin-growth factor 1 IGF1, 

phosphoinositide 3 kinase PI3K, and protein kinase b AktElectrical adaptation (Metsios et al., 2020) 

 
 
 

2. Understanding the “physically active” heart in general population 

 
Physical Activity effects on mammal’s heart: As a response to exercise, significant cardiac 

 

adaptations in the human heart have been shown since the 1800s (Williams et al., 2015). 

Research across mammalian species showed that the heart size is dependent on body size 

(Shave et al., 2017) and analogous to increased metabolic demands given the need to deliver 

large blood volume to muscles and internal organs. In some animals, heart size represents as 

much as 1.7% of their body mass (Poole et al., 2011), which seems to be linked with the type 

and levels of PA animals are engaged in. In specific, the more physically active animals, 

either for hunting (e.g., wolves) or sports performance (e.g., Thoroughbred horses and 

Greyhounds), reported significantly larger heart dimensions compared to those who were less 

physically active (Shave et al., 2017). Thus, animals with increased metabolic and 

thermoregulatory demands, require a well-adapted heart to support this delivery (Shave et al., 

2017). 
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Exercise-Induced Cardiac Remodelling: Cardiac output may increase 5- to 6-fold during 
 

maximal exercise, while after prolonged exercise training, stroke volume (end-diastolic 

volume – end-systolic volume) increases significantly at both resting and exercise training 

conditions (Weiner et al., 2012). Increased cardiac output and muscle performance enable 

cellular respiration by ventilatory gas exchange, vascular resistance, neurohumoral 

transmission, and adrenergic stimulation (D'Silva and Sharma, 2015). That is because the 

body’s demand for VO2 increases according to the different oxygen demand driven by the 

different exercise stimulus during exercise (Weiner et al., 2012, Shave et al., 2017). Along 

with the cardiovascular system, the myocardium adapts accordingly to the repeated bouts of 

high intensity and high volume of exercise for a prolonged duration, which with long-term 

training will lead to an exercise-induced cardiac remodelling (EICR); also termed as ‘’the 

athlete’s heart.’’ (Shave et al., 2017, Weiner et al., 2012, D'Silva and Sharma., 2015). The 

EICR dogma accounts for more than 40 years and is mainly due to Morganroth et al. work 

(Morganroth, 1975). In this study, endurance athletes have large eccentrically remodelled 

hearts, showing LV hypertrophy, with large LV end-diastolic volumes and modest LV wall 

thickening compared to sedentary controls. On the other hand, resistance-trained athletes 

presented concentric remodelling, showing LV with increased LV wall thickness and normal 

LV end-diastolic volumes. The latter is postulated to be induced by Valsalva manoeuvres' 

result, generating rises in systemic vascular resistance and subsequent overloaded pressure 

conditions of the LV. Although Morganroth's approach accepted until recently, it is an over- 

simplistic approach to the cardiac effect from exercise training (Shave et al., 2017, Dores et 

al., 2015). To this extent, there is a clear cause and effect relationship between exercise 

training and cardiac remodelling, supported by recently conducted longitudinal studies 

(Baggish et al., 2008, Spence et al., 2011, Zilinski et al., 2015, Arbab-Zadeh et al., 2014). 

EICR is now established and widely used to capture the structural, functional and electrical 
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adaptations that occur due to routine exercise training (Baggish, 2016, Sharma et al., 2015, 

Dores et al., 2015). 

Structural adaptations: Results from cross-sectional studies evaluating the 
 

characteristic features of the athlete’s heart, according to multimodality non-invasive imaging 

techniques, have established several years ago the existence of a) balanced biventricular 

dilation (Pelliccia et al. 1999a, Scharhag et al. 2002), b) mild-to-moderate increases in LV 

wall thickness (Sanjay Sharma et al. 2002), and c) bi-atrial dilation (Pelliccia et al., 2005, 

Grünig et al., 2013). Other cross-sectional studies of endurance athletes compared to matched 

control subjects presented greater: a) LV wall thickness by 15-20% and b) LV cavity 

dimensions by 10% (Maron, 1986). In contrast, few studies have replicated concentric 

hypertrophy findings with normal LV end-diastolic volumes (D'Silva and Sharma, 2015). 

Given the unusual shape of the right ventricle (RV), which makes it challenging to image, 

there is a shortage of studies evaluating the effect of exercise on the RV structure (Dores et 

al., 2015). 

Functional adaptation – Mechanics: Functional cardiac adaptations, as a response to 
 

exercise, are yet to be understood. The classical metrics for the systolic function of the heart, 

such as the ejection fraction, does not seem to differ among Olympic level athletes 

participating in endurance disciplines (Pelliccia et al., 2010), and a meta-analysis showed 

similar results between trained athletes and sedentary individuals (Pluim et al., 2000). In 

contrast, after strenuous exercise, a transient reduction in LV ejection fraction has been 

reported, termed ‘cardiac fatigue’ (Scott and Warburton, 2008). However, with the new 

imaging technics (deformation), especially the tissue Doppler imaging (TDI) and speckle- 

tracking echocardiography (STE), parameters such as myocardial strain and strain rate, as 

well as torsion and twist (‘mechanics’), provide detailed information about the myocardial 

function that are not detected by LV ejection fraction assessment. Still, they are associated 
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with cardiovascular morbidity and mortality (Opdahl et al., 2015, Dores et al., 2015). Studies 

have shown that LV mechanics in resting conditions are significantly reduced in individuals 

with high aerobic fitness compared with sedentary controls, despite a similar relative wall 

thickness (RWT) (S. Nottin et al., 2008, Zocalo et al., 2007). Given that LV mechanics: a) 

minimise myofibre stress during ventricular contraction and b) maximise the efficiency of LV 

ejection (Streeter et al., 1969, Beyar and Sideman, 1984, Beyar, Rafael and Sideman, 1986, 

Vendelin et al., 2002), LV myofibres of highly trained individuals experience less stress and 

produce a more efficient ejection, which results in a reduced resting LV strain and twisting 

(Stöhr et al., 2012). As such, these newly developed techniques of systolic and diastolic 

function are more sensitive in assessing adaptations to exercise compared to the typical 

markers that evaluate the a) LV dimensions, b) wall thicknesses, c) compliance and d) 

alterations in systolic and diastolic LV function such as transmittal filling or longitudinal 

tissue velocities (Stöhr et al., 2012, Henriksen et al., 1996, Scharf et al., 2010). That is 

because these markers reflect chronic alterations in LV structure and function without 

providing any insight into the underpinning mechanics performed by the LV to achieve a 

certain systolic ejection or diastolic filling (Stöhr et al., 2012). Therefore, evaluating cardiac 

mechanics allows for early detection of cardiac impairment (Dores et al., 2015). Despite the 

existing data highlight the importance of assessing LV mechanics in overall LV performance 

and pathology, it is surprising that there is a low number of studies examining the 

physiological adaptation of LV mechanics (Russel et al., 2009, Sengupta et al., 2006, Stöhr et 

al., 2012, Geyer et al., 2010). Finally, further investigation on the potential role of adaptive 

LV mechanics to exercise stimulus may contribute to understand the CVD better and suggest 

novel treatment approaches (Stöhr et al., 2012). 

Electrical Activity: As a result of a physiological adaptation to exercise, changes in 
 

resting ECG are apparent in more than 80% of competitive athletes, where the 10-14% refer 
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to cardiovascular pathology (Dores et al., 2015). This interpretation excludes the normal cut- 

offs that may differ between the sexes (Drezner et al., 2013). According to the European 

Society of Cardiology (ESC) Guidelines (Corrado et al., 2010), ECG findings are divided into 

two groups: a) common and training-related changes and b) uncommon and training- 

unrelated changes. Electrical adaptations include resting bradycardia, sinus arrhythmia, 

ectopic atrial rhythm, junctional escape rhythm, first degree AV block and Mobitz type I AV 

Block, incomplete right bundle branch block, isolated QRS voltage criteria for LV 

hypertrophy, early repolarisation, repolarisation in black athletes and Juvenile pattern 

(Sharma et al., 1999, Papadakis et al., 2009). 

Factors influencing cardiac adaptations to exercise training: Exercise stimulus on the 
 

remodelling process is rather a continuous and complex variable that is collectively defined 

by age, gender, ethnicity, sporting discipline, and PA level/exercise dosage (intensity, 

frequency, and duration) (D'Silva and Sharma, 2015, Dores et al., 2015, Baggish, 2016, 

Wasfy and Baggish, 2016). 

Age: It seems that LV wall thickness (LVWT) is lower in juvenile athletes partially 

due to” a) reduced skeletal mass, b) lower accumulated training, c) lack of testosterone before 

puberty and d) lower catecholamine responses to exercise (Sharma et al., 1999, Pelliccia et 

al., 2000, Pelliccia et al., 1991). As a result, the consequences of exercise in very young 

athletes and the lifelong impact of exercise in veteran athletes require further investigation 

(Dores et al., 2015). 

Gender: It seems that exercise leads to a more pronounced cardiac remodelling in 

male, as opposed to female athletes (Dores et al., 2015, Pelliccia et al., 1996, George et al. 

1995, Sun et al., 2007, Whyte et al., 2004, Haykowsky et al., 1998). Specifically, female 

athletes with similar age and training intensity showed 11% smaller LV size and 23% lower 
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LVWT than male athletes (Pelliccia et al., 1996). Also, in male athletes, physiological 

changes in the ECG are more frequent (Sharma et al., 1999). 

Ethnicity: Afro-Caribbean athletes present more pronounced cardiac remodelling than 

white counterparts (Dores et al., 2015). The 18% of Afro-Caribbean male athletes show 

LVWT>12mm when the equivalent percentage of the white male is only 4% (Rawlins et al., 

2010). In addition, the 3% of Afro-Caribbean athletes, something not apparent in white, 

exhibit LVWT> 15 mm. Interestingly, the predominance of physiological remodelling in 

Afro-Caribbean athletes is not evident only in males (Dores et al., 2015). Overall, the ethnic 

variance seen in research may have due to differences in BP (Ekelund et al., 1990), 

endothelial function (Kalinowski et al., 2004), arterial stiffens (Nguyen et al., 2008), 

angiotensin-converting enzyme gene polymorphisms (Barley et al., 1996) and insulin-like 

growth factor-1 expression (Pauliks et al., 1999). 

Sporting Discipline: The exercise regime seems to play a key role in the cardiac 

remodelling process, mainly attributed to the fluctuation of the potential exercise stimulus in 

terms of intensity, duration, and frequency. During endurance exercise, also referred to as 

isotonic or dynamic, the physiological adaptations in the heart consisted of increased 

maximum oxygen uptake and cardiac output, having though normal or reduced peripheral 

vascular resistance (Pluim et al., 2000). Sports in this category could be cross-country skiing, 

long-distance running, tennis, and soccer, where the predominant cardiological adaptation is 

the volume overload (Dores et al., 2015). On the other hand, strength exercise also referred to 

as isometric or resistance, promote a substantial increase in BP and peripheral vascular 

resistance, accompanied by normal or slightly elevated cardiac output. This category of sports 

could include, among others, bodybuilding, gymnastics, climbing and wrestling. However, as 

with the “Morganroth hypothesis”, sports cannot be categorised simply in these two 

disciplines. There are exercises/sports involving both endurance and strength elements, where 
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the predominant component is challenging to be identified (Dores et al., 2015). Respectively, 

another approach of Mitchel et al. (2015) about the sports categorisation according to the 

intensity of exercise in static and dynamic components (Mitchell et al., 2005) fails to capture 

factors that may affect the cardiac remodelling process. Namely, emotional stress during 

competition and environmental conditions (altitude, temperature, humidity, air pollution) 

were not considered, which is very important as both could significantly affect cardiac 

physiology (Dores et al., 2015). 

Athletes vs sedentary individuals: So far, the vast majority of previous studies 

evaluating the EICR are not representative of the general population and are limited to highly 

trained athletes, with the exercise programme characterised from a minimum of 10 hours per 

week and applied on high intensity (Baggish, 2016). Thus, the understanding of the present 

research on cardiac adaptation among sedentary individuals and whether EICR occurs or not 

and to what extent remains unknown mainly (Baggish, 2016). 

Adaptive physiology vs pathologic myopathy: It remains challenging to distinguish between 
 

physiological exercise-related cardiac remodelling from pathological (Dores et al., 2015). A 

‘grey zone’ where LVWT=13-15mm, which is reported from about 2% of adult male 

athletes, indicates an extreme expression of the athlete’s heart and mild hypertrophic 

cardiomyopathy (HCM) phenotype (Sanjay Sharma et al., 2002). Although the HCM pattern 

is not entirely understood, compared to HCM individuals, athletes' adaptive physiological 

hypertrophic pattern is uniform and associates with concomitant LV dilation (Dores et al., 

2015). To differentiate between athlete’s heart and pathology, the detraining period is used to 

assess LVWT reduction of 2-5mm (Sharma et al., 2015). Failure to respond to detraining 

suggests pathological LVH. However, regression with detraining does not necessarily prove 

physiological hypertrophy (Dores et al., 2015). In addition, HCM is characterised by 

abnormal LV relaxation and increased filling pressure (normal diastolic filling does not 
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exclude pathological hypertrophy), as opposed to physiological remodelling where the 

diastolic function is preserved or enhanced (Dores et al., 2015). Dilated cardiomyopathy is 

another condition that needs differential diagnosis between pathological and physiological 

remodelling, especially when LV ejection fraction is in the normal range or depressed 

(Pelliccia et al. 1999, Abergel et al., 2004). In such cases, careful evaluation of LV ejection 

fraction and exclusion of wall motion abnormalities is vital, in conjunction with the impaired 

ability for exercise (i.e., expressed as low VO2max and high VE/VCO2 slope from the CPET 

results) (Dores et al., 2015). Regarding the arrhythmogenic right ventricular cardiomyopathy, 

there seem to exist a relationship between ultra-endurance exercise and an arrhythmogenic 

right ventricular-like phenotype (Dores et al., 2015). Extreme exercise could cause right 

ventricular dilatation and dysfunction, potentially altering the right ventricular interstitial 

matrix (Dores et al., 2015, La Gerche et al., 2010). 

2.5.5 Exercise and Pulmonary Physiology in Rheumatoid Arthritis 
 

Lung disease is a prevalent extra-articular manifestation of RA that also contributes to 

increased morbidity and mortality (Shaw et al., 2015). Although it frequently occurs in RA, it 

is often clinically under-recognized and could be presented with a restrictive and/or 

obstructive pattern (Suzuki et al., 1994, Bongartz et al., 2010). In specific, 8–15% of people 

living with RA will develop significant restrictive lung disease, most commonly ILD 

(Bongartz et al., 2010), while other respiratory manifestations include the inflammation of the 

pleura (pleural thickening and effusions), airways and pulmonary vasculature (vasculitis and 

pulmonary hypertension) (Shaw et al., 2015). Usual interstitial pneumonia (most prevalent of 

all), nonspecific interstitial pneumonia, and organising pneumonia are the three main types of 

RA-related ILD (RA-ILD). The prognosis in RA-ILD is poor (Koduri et al., 2010), which is 

indeed the main reason of the 7% of all RA-associated deaths (Olson et al., 2011) and 
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contributes to 13% of the excess mortality in people living with RA (Bongartz et al., 2010, 

Doyle et al., 2000). The aetiology for the development of such pathologies could be attributed 

to: a) chronic immune activation, b) increased susceptibility to infection (often related to 

immunomodulatory medications), or c) direct toxicity from disease-modifying or biological 

therapy (Shaw et al., 2015). In turn, RA-ILD individuals suffer from a threefold higher risk of 

death than RA individuals without being diagnosed with ILD, and median survival after RA- 

ILD diagnosis of only 2.6 years (Bongartz et al., 2010). 

Unlike the effect of exercise on cardiac physiology, few longitudinal studies evaluate 

the effect of exercise and/or PA on respiratory function. (Twisk et al., 1998). Most of these 

studies had a cross-sectional design and used special populations, such as athletes or 

individuals with COPD (Cheng et al., 2003). Similarly to what mentioned in the previous 

Chapter on cardiac physiology (please see 2.5.4), there are no studies available on either 

associations or effects of exercise on pulmonary physiology and/or function in RA. 
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CHAPTER THREE: AIMS AND HYPOTHESES 
 
 
 

The aims of the present project were to: 

 
1. Evaluate the currently achieved and the specific exercise preferences in terms of 

frequency, intensity, time, type, and modality, as well as the awareness of exercise 

in people living with RMDs. 

2. Examine a) the prevalence of ‘true’ maximal CPETs as confirmed by a 

verification phase in people living with RA compared to non-RA controls, b) the 

accuracy of plateau and secondary criteria to ‘diagnose’ a ‘true’ maximal CPET in 

people living with RA compared to non-RA controls and c) to establish the safety 

of a combined CPET with a verification phase protocol in people living with RA. 

3. Assess a) the potential differences in cardiac and pulmonary physiological 

outcomes between RA individuals and non-RA controls, and b) their association 

with the CRF in both groups. 

4. Investigate a) the potential cardiac and/or pulmonary effects and b) adherence 

from a three-month aerobic HIIT exercise regimen in people living with RA. 

For each of the above aims the following hypotheses were made: 
 

1. RA individuals predicted to achieve the exercise component of the PA guidelines 

poorly and intend to exercise in less than the recommended exercise principles, 

while also being insufficiently knowledgeable of the health benefits of PA and/or 

exercise. 

2. We hypothesised that a) fewer people living with RA comparing to non-RA 

controls will confirm ‘true’ maximal effort during the CPET, b) VO2 plateau and 

secondary criteria will present low diagnostic accuracy during the CPET in 

people living with RA and lower comparing to non-RA controls, and c) the 
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combined CPET with a verification phase will be performed without safety issues 

in both groups. 

3. We expected a) RA individuals would present significantly reduced cardiac 

and/or pulmonary outcomes than non-RA controls and b) those with higher CRF 

results would associate with better cardiac and/or pulmonary outcomes. 

4. We assumed that RA individuals upon a three-month aerobic HIIT exercise 

regimen would significantly improve their cardiac and/or pulmonary outcomes. 
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CHAPTER FOUR: METHODOLOGY 
 
 
 

4.1 PARTICIPANTS 
 

For the purposes of this PhD project a total of 298 volunteers were assessed for inclusion in 

the studies; the 15 of them were excluded for methodological reasons: eight patients were 

diagnosed with other chronic non-rheumatic disease and seven from the non-RA controls 

group were excluded due to undiagnosed cardiac complications (three with cardiac 

hypertrophy/diastolic dysfunction/atrium dilation, two with systolic or diastolic dysfunction, 

and two with HF). Of these participants 239 were RMD individuals and 44 were non-RA 

controls. In the first study (please see Chapter 5.1) data was derived from 197 RMD attendees 

of the Hellenic League Against Rheumatism (EL.E.AN.A) – a member of the EULAR. In the 

second study of this work (please see Chapter 5.2) data derived from 42 RA individuals and 

43 non-RA controls, while in the following study (please see Chapter 5.3) we analysed data 

from 42 RA individuals and 44 non-RA controls. The final study of this work (please see 

Chapter 5.4), consisted of 15 RA individuals living with RA. 

In Chapter 5.1 the responsible individual for administrative issues as well as the 

dissemination of the results (results were disseminated to people living with RMDs while 

keeping data confidentiality) was the clinical psychologist of the EL.E.AN.A. The rest three 

studies within this Thesis were both approved by Henry Dunant General Hospital Centre 

research ethics committee (Appendix A), Greece - where assessments took place -, and from 

the University of Wolverhampton, UK (Submission 117687). All participants were provided 

with verbal and written information about the project, and once they agreed to participate 

they signed an informed consent, according to the Declaration of Helsinki (Declaration of 

Helsinki, 2013). Given the specific requirements of each study, details about the eligibility 

criteria and participants are presented in the Methods section of each individual study. 
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4.2 ASSESSMENTS OF THE STUDIES 5.2, 5.3 & 5.4 
 

4.2.1 Anthropometry and Body Composition 
 

All participant’s height was measured via a SECA stadiometer to the nearest 0.1 cm. Weight 

was measured to the nearest 0.1 kg using the Tanita bioelectrical impedance analyzer (Tanita 

BC-418, Tanita Corporation, Tokyo, Japan). The analyzer also calculated overall and 

segmental body fat as well as fat-free mass percentages. Body mass index (BMI) was 

calculated as weight (kg)/height2 (m2). 

4.2.2 Cardiopulmonary Exercise Tolerance and Verification Test Protocols 
 

All participants performed a CPET on a treadmill (h/p Cosmos Mercury, Sports & Medical 

GMBH, Nussdorf-Traunstein, Germany) until volitional exhaustion. We selected the 

modified Bruce protocol for the CPET protocol due to concerns regarding the extended 

inflammation of the joints in people living with RA and the possibility that these individuals 

and the non-RA controls who were physically inactive may have limited experience of 

walking or running on a treadmill. The modified Bruce protocol adds two lower workload 

stages to the beginning of the standard Bruce protocol, and therefore, provides people living 

with RA a sufficient warm-up to avoid the aggravation of unpleasant symptoms from an 

already damaged joint. For those who have had limited experience on a treadmill, this 

protocol's smooth progression will also serve as a familiarisation session. Table 4.2.2 

provides detailed information about the different stages of the modified Bruce protocol. To 

validate the achievement of a ‘true’ maximal effort, a verification phase protocol was 

performed 20 minutes after the end of the CPET (Table 4.2.2). Our verification protocol was 

based on a previous study (Nolan et al., 2014), and started with a 2 min stage at 50% of the 

maximal CPET workload (i.e. 50% of maximal speed and gradient reached) before increasing 

to 70% for a further minute. The workload was then increased to 105% of the maximal speed 
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and gradient attained during the CPET, and the participant was encouraged to exercise to 

volitional exhaustion. 

 
 

Table 4.2.2 Modified Bruce Protocol 
 

Time (mins) Speed (Km/h) Gradient (%) 

A. Modified Bruce protocol   

0-3 2.7 0 

3-6 2.7 5 

6-9 2.7 10 

9-12 4 12 

12-15 5.4 14 

15-18 6.7 16 

18-21 8 18 

21-24 8.8 20 

24-27 9.6 22 

B. Verification phase protocol (following a 20 min rest)  

0-1 50% of CPET max speed 50% of CPET max gradient 

1-2 50% of CPET max speed 50% of CPET max gradient 

2-3 70% of CPET max speed 70% of CPET max gradient 

3-4 105% of CPET max speed 105% of CPET max gradient 

4-5 105% of CPET max speed 105% of CPET max gradient 

 
 

Measurements 
 

Pulmonary gas exchange was measured breath-by-breath throughout both the CPET and 

verification phase tests (Jaeger-CareFusion, Oxycon, Germany). Volume sensor and gas 

analyser were calibrated automatically before each test. HR was monitored continuously via 

12 lead electrocardiography (ECG) (Cardiosoft, General Electric) providing cardiac electrical 

activity recording obtained with electrodes placed on the skin's surface. At the end of every 3-

min stage of the modified Bruce protocol, BP manually, HR via ECG and RPE via the 6-20 



54 
 

Borg scale (Borg, 1998) were recorded. Upon completion of both tests, the CPET and the 

verification phase protocol, ECG, pulmonary gas exchange variables, HR, BP, and Borg scale 

results (every minute) were recorded for another five minutes to ensure participant’s safety. 

 
 

Establishing VO2max from the CPET test 
 

Gas exchange data were time averaged every 15-sec, and highest VO2 value (VO2peak) for all 

tests calculated as the mean VO2 recorded from the last two 15-sec samples (Dalleck et al., 

2012). To identify the achievement of a ‘true’ VO2max during the CPET test, we first 

inspected the data for evidence of a plateau in VO2 (i.e., an increase in workload with no 

concomitant increase in VO2). The occurrence of a plateau was defined as a difference in VO2 

(averaged in 15-sec) between the last two stages of ≤ 2.1 ml/kg-1 /min-1 (Taylor, Buskirk and 

Henschel, 1955). In addition, we also determined for each test whether each of the following 

three secondary criteria could be used to confirm whether a maximal effort was achieved: 

a) HRmax ≥95% of the age predicted maximum HR [APMHR, based on the equation: 
 

208 − 0.7 × age (Tanaka et al., 2001)] (Poole et al., 2008) 
 

b) RERmax ≥1.15 (Issekutz et al., 1962) 
 

c) RPEmax >18 (Magnan et al., 2013) 
 
 

Verification of a ‘true’ VO2max and ‘true’ HRmax 
 

A ‘true’ VO2max was verified when the highest 15-sec average VO2 values from the last two 

15-sec samples of the CPET test and verification phase were within ± 3 % (Costa et al., 

2021). We also determined how many participants would be considered as having achieved a 

clinically important difference in VO2peak, as defined by a verification VO2peak at least 6% 

higher than the VO2peak attained during CPET (Swank et al., 2012). The HRmax cut-off point 

of ± 4 bpm from the last averaged 15 sec sample between the verification and the CPET 
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protocol also used as a secondary criterion for attaining maximal effort (Midgley et al., 

2009). 

4.2.3 Blood Biomarkers 
 

A 10 ml of blood sample (serum) was collected from the patient’s antecubital vein using a 

butterfly needle equipped with the vacutainer system. Blood samples were analysed for 

determination of the inflammatory biomarker-CRP via a Siemens analyser (Dimension EXL 

with LM). These results where then imported into the DAS-28 calculator for the evaluation of 

the disease activity score (please see chapter 4.2.6). Although both CRP and erythrocyte 

sedimentation rate (ESR) can be used to calculate the DAS28, we selected the DAS28-CRP 

formula, as it is more widely used due to its responsiveness in systemic inflammatory activity 

(Orr et al. 2018). 

4.2.4 Cardiac Physiology 
 

Resting echocardiography was used, as per standard guidelines. Two participants, one with 

excessive obesity and another with a breast implant due to cancer post-surgery treatment, 

were excluded from the analyses given the difficulties of their condition to provide accurate 

imaging. Resting echocardiography was utilized to evaluate the following parameters (Lang 

et al., 2015, Nagueh et al., 2016). 

Standard cardiac ultrasound scan assessment: A standard comprehensive two- 
 

dimensional, m-mode and Doppler study performed. An Echocardiography Cardiologist 

Consultant who was blinded to the study’s procedures (in order to avoid potential bias), 

assessed all participants cardiac function using a high-quality commercially available 

imaging system (GE Vivid E9, GE Milwaukee, Wisconsin, USA) equipped with an M5S 1.5– 

4.0 MHz transducer, and a one-lead ECG that was continuously displayed. Offline data 
 

analysis, from three stored cardiac cycles, was performed using dedicated software (EchoPac, 
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V.112, GE, USA). HR was measured from the superimposed ECG obtained during the 

echocardiographic examination. 

Cardiac Structure: LVmass (LVM) (indexed to body surface area-BSA) quantified as 

per the guidelines from the formula LVM (g) = 0.8{1.04[([LVEDD + IVSd + PWT]3 – 

LVEDD3 )]} + 0.6 (Lang et al., 2015). Conventional linear measurements of interventricular 

septal end-diastolic wall thickness (IVST), LV posterior end-diastolic wall thickness (PWT), 

LV end-diastolic diameter (LVEDD) and LV end-systolic diameter (LVESD) were obtained 

from the parasternal long-axis acoustic window. LV internal diameters and wall thicknesses 

were measured in parasternal long-axis view, at the level of LV minor axis, according to the 

recommendations for cardiac chamber quantification by echocardiography in adults, while 

RWT calculated with the formula (2 * PWT)/(LVEDD) (Lang et al., 2015). LV volume 

measurements were calculated from the apical views using the modified Simpson’s rule and 

ejection fraction (EF) was calculated as (EDV−ESV)/EDV, where EDV is end-diastolic 

volume and ESV is end-systolic volume (Lang et al., 2015). Right ventricular end-diastolic 

diameter (RVEDD), Left atrium (LA) and Aortic room diameter (A0) were also calculated. 

Cardiac Function: Pulsed-wave Doppler was performed in the apical four-chamber 
 

view to obtain mitral inflow velocities, according to the recommendations for the evaluation 

of LV diastolic function by echocardiography (Nagueh et al., 2009). Measurements of mitral 

inflow included peak velocity of early rapid filling wave (E), peak flow velocity at atrial 

contraction (A) and peak E/A wave velocity ratio. E/e΄ ratio was also obtained and used as an 

index of intra-cardiac filling pressures (Ommen et al., 2000). Isovolumic relaxation time 

(IVRT) and mitral deceleration time (DT) was obtained too. Diastolic dysfunction defined as 

a) mild when E/A < 0.75 and E/e’<10, b) moderate when 0,75 ≤ E/A < 1,5 and E/e’≥10, and 
 

c) E/A≥1,5 and E/e’≥10 (Redfield et al., 2003), as these criteria presented increased 

sensitivity in RA (Mokotedi et al., 2017). 
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Speckle-tracking echocardiography:  The 2D speckle  tracking analysis (STE) was 
 

performed with temporal resolution of 60–90 frames/s on narrow-sector greyscale images of 
 

LV from apical views (D'Ascenzi et al., 2015). The endocardial border was traced manually 

in an end-systolic frame. Compression and dynamic range to enhance myocardial definition 

with standardised depth, frequency and insonation angle for all participants was optimised 

with gain for all images (Mor-Avi et al., 2011). Image acquisition was performed during an 

end-expiratory breath-hold. Only subjects with optimal tracking quality were included for 

further analysis. The Consultant Cardiologist used a commercially available semi-automated 

2D strain software (EchoPAC PC, V.112, GE, USA) to perform the offline analysis. 

Automatic function imaging was applied to analyse the global longitudinal systolic peak 

strain (GLPS) of the three apical views online, including a) the GLPS of apical four chamber 

view (GLPS-A4C), b) the GLPS of apical two chamber view (GLPS-A2C), c) the GLPS of 

apical long axis view (GLPS-LAX), and d) the average GLPS (GLPS-Avg). 

4.2.5 Respiratory Physiology 
 

Pulmonary function evaluation was according to the American and European guidelines 

(Miller et al., 2005a, Pellegrino et al., 2005, MacIntyre et al., 2005, Wanger et al., 2005, 

Miller et al., 2005b). 

Complete Pulmonary function Testing: All volunteers were evaluated for their lung 
 

function via the PFTs by a Consultant Pneumonologist who was blinded to the study’s 

procedures (in order to avoid potential bias). PFTs were performed on a computerised 

spirometer (Jaeger, Hoechburb, Germany) and on a body plethysmography system (Jaeger, 

Hoechburb, Germany). PFTs consisted of FEV1, FVC, FEV1/FVC, RV, TLC, RV-to-TLC 

ratio, gas transfer factor measurement (TLCO), lung diffusion for carbon monoxide (DLCO), 

functional residual capacity (FRC), maximal voluntary ventilation (MVV), respiratory 

muscle function (maximum inspiratory pressure- MIP, and maximal expiratory pressure- 
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MEP). Observed values were compared with those predicted for age, sex, height and 

expressed as percentage, while a minimum of three values obtained, aiming for a difference 

between the lowest and the highest effort to be within 5%, thus considered reliable and be 

reported afterwards the mean value (Saey et al., 2014). 

4.2.6 Disease Activity Score 
 

The DAS28 was calculated from four components: a) tender joint count, b) swollen joint 

count (both performed by the author), C) visual analogue scale score of the patient's global 

health and the laboratory parameter CRP (Inoue et al., 2007). The DAS28 cut‐off points of 

2.6, 3.2 and 5.1 were indicative of remission, low disease activity, and high disease activity, 

respectively. (Fransen et al., 2004). Appendix K illustrates the clinical evaluation process. 

 
 
 

4.3 DATA MANAGEMENT AND ANALYSES 
 

For all studies data were inserted in purpose-designed spreadsheets (Microsoft Office 365 

ProPlus) and audited for accuracy quite regularly. All data was exported for analysis to the 

IBM® Statistical Package for Social Sciences® (version 24.0 for Windows, SPSS, Inc., 

Chicago, IL, USA). The analyses for each study are described in detail in each of the 

subsequent studies. 



59 
 

CHAPTER FIVE: STUDIES 
 
 
 

5.1 EXERCISE PRINCIPLES & AWARENESS IN RHEUMATIC & 

MUSCULOSKELETAL DISEASES: RESULTS FROM A SURVEY 

Part of this chapter have been published in: P.A.Vitalis., D.Kouvelas., N.Kousouri., et al. 

(2018) Physical activity awareness and preferences in rheumatic diseases: a qualitative 

study. Annals of the Rheumatic Diseases (impact factor: 16.102), 77 (suppl 2): 1809 

 
 

5.1.1 Abstract 
 

Objectives: The aims of the present study were to: a) examine the currently achieved as well 

as the preferred exercise principles (i.e., frequency, intensity, time, type) and modality in 

people living with RMDs, and b) evaluate the awareness of exercise in RMD individuals. 

Methods: We co-designed – with academics and RMD patient groups – a questionnaire, 

which consisted of open-ended, dichotomous and multiple-choice questions. Individuals with 

different RMDs participated by filling in the questionnaire either online or through phone 

calls. Data were analysed via content analysis approach. 

Results: Out of the 625 RMD individuals that were asked to participate, 197 (31.5 % 

response rate) returned the questionnaire [137 online and 60 via phone calls (69.6% and 

30.4% of the sample, respectively)]. Regarding the exercise principles, individuals reported 

that they preferred a frequency of “2-3 times per week” (n=71, 41%), moderate intensity 

(n=79, 42%), time of “about an hour’’ (n=82, 51.5%), while swimming was identified as the 

most popular type of exercise (n=63, 38.2%). A modality of a blended intervention, consisted 

of group-based, individualised and supervised exercise programs (n=66, 33.7%), was the 

best-preferred option. The majority of the present RMD individuals (80.7%, n=159) reported 
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that they like to engage in exercise while their subjective beliefs about the benefits of 

exercise concerned three main themes: a) mental health, b) functional ability and c) overall 

health. The questionnaire was judged by the individuals to be very or fairly understandable in 

almost all cases (n=196, 99.5%). 

Conclusions: Probably a low percentage of RMD individuals exercise adequately in terms of 

exercise principles, which is part of PA. The present results suggest that despite the expressed 

willingness of RMD individuals to engage in exercise that corresponds to the recommended 

exercise guidelines, there is a need for more specific and individualized PA/exercise 

programs according to the individuals’ needs and preferences. Towards a more patient- 

centred and successful disease management in RMD, healthcare professionals should aim to 

develop individualised PA/exercise programs that could be easily applied, as well as provide 

specific guidance on how to implement them in clinical practice. 

5.1.2 Introduction 
 

Background 
 

RMDs represent a diverse group of non-communicable diseases that affect the joints, muscles 

or tissues but also have systemic involvement. All RMDs are characterised by similar 

symptomatology – with some variation between them – but the predominant symptoms are 

pain, inflammation, functional disability and fatigue (EULAR’s position paper, 2011). RMDs 

are also accompanied by systemic manifestations, such as adverse effects on mental and 

cardiovascular health (Metsios and Kitas, 2018). These overall symptoms / 

comorbidities have significant detrimental consequences in clinical outcomes, quality of life, 

functioning and thus, healthcare costs. As such, identification of interventions that alleviate 

this burden for the individual and the society, is and should be in the forefront of research 

studies. 
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One intervention that can significantly improve RMD symptoms and comorbidities, is 

PA. PA is any bodily movement that increases energy expenditure, while exercise, a part of 

PA, is more structured and planned with the intention to improve specific outcomes (e.g., 

CRF, reduction in cardiovascular risk). PA and exercise associate with health outcomes in a 

dose-dependent manner, suggesting that higher intensities may yield better effects on health 

(Pandey et al., 2015, Merghani et al., 2015). Therefore, it can be argued that although the 

initial focus of PA interventions should be mainly to engage individuals with such 

behaviours, it is the higher intensity of the structured exercise programs that will yield the 

most important benefits for people with non-communicable diseases. Collective evidence 

from RMD research studies suggests that exercise is safe [even high intensity exercise 

(Metsios and Lemmey, 2015, Lemmey, 2011)] and can significantly reduce, pain, fatigue and 

functional disability while at the same time it can reduce CVD risk and improve mental 

health (Hurkmans et al., 2009, Metsios et al., 2015, Metsios and Lemmey, 2015). For this 

reason, the EULAR is currently promoting the use of PA and exercise for managing the 

symptoms and CVD risk in RMDs, in at least two of the recently published EULAR 

recommendations (Osthoff et al., 2018, Agca et al., 2017), while significant efforts are taking 

place to implement PA at scale (Metsios et al., 2019). 

However, despite all these benefits, significant disease-related barriers, such as pain, 

functional disability and fatigue, are still reported from RMD individuals as the main reasons 

that reduce their engagement in exercise programs (Veldhuijzen van Zanten et al., 2015). In 

contrast, engagement in exercise can significantly improve these symptoms (Hurkmans et al., 

2009, Dartel et al., 2015). Thus, it comes as no surprise that cardiorespiratory and PA levels 

in RMDs are still significantly lower compared to the normal population (Metsios et al., 

2015, Metsios et al., 2009). One of the main reasons for these phenomena is the lack of co- 

developing programs for RMD populations that address their needs and preferences. The 
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latter represents a bottom-up rather than the traditionally used top-down approach that we see 

in most research studies and community initiatives. However, implementation research 

suggests that it is the bottom-up approaches which may help enhance the sustainability and 

scale-up of effective interventions and thus, usage of beneficial behaviours (Peters et al., 

2013). Therefore, the aim of the present study was to develop a questionnaire that will not 

aim to quantify the exercise behaviour translated into METs but via open-ended questions 

investigate a) what are the currently achieved as well as the preferred exercise principles and 

modality in RMD individuals and b) what is their exercise awareness, with an intention to 

explain the reasons lead to this perception. 

5.1.3 Methods 
 

Participants 
 

Permission to carry out the study was obtained from the EL.E.AN.A patient organization, 

which is a EULAR member. The RMD individuals involved in the present study were 

members of the EL.E.AN.A in eight different Greek cities, thus a representative sample 

throughout this country. 

Demographic and anthropometric characteristics: A number of demographic and 

anthropometrical variables were self-reported from all volunteers prior to filling in the 

questionnaire, and specifically sex, age, height, weight which was used to calculate BMI, 

health status, years from RMD diagnosis and education. 

Questionnaire development process 
 

A new questionnaire was developed using the following steps: 

 
1. Author’s consensus meeting: in the first step of developing the present questionnaire, 

we meet with expert academics in this field of investigation (i.e., exercise 
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physiologists, behavioural psychologists and doctors) as well as and RMD patient 

representatives from the EL.E.AN.A organization. The purpose of this meeting was to 

reach a consensus on the qualitative information that we were interested to acquire 

and subsequently incorporate in the questionnaire aiming to address the misreporting 

of the exercise FITT principles and exercise awareness in RMDs. This constitutes a 

consistent finding of the present literature, where researchers consistently misreport 

and/or don’t report the exercise principles of exercise programs which results in the 

current lack of knowledge about the “dosage” of exercise. As such, we are unsure at 

present what doses of exercise associate with what health-related benefits, and this is 

a matter that requires urgent attention which we opted to investigate with the present 

questionnaire. 

2. Testing of the pre-developed questionnaire: Once we agreed and developed the 

questions, it was then piloted in a focus group of 20 RMD individuals to acquire their 

feedback. Based on this, we improved further the questionnaire and developed its 

final version. The individuals’ input was incorporated to ascertain succinct answers on 

the different exercise principles and modalities, along with the awareness on the 

benefits that exercise promotes in RMD symptoms and comorbidities. Also, the 

rationale of the questionnaire construction followed a specific flow to avoid leading 

individuals to specific responses, or develop answers attributed to social desirability 

issues (Bowling, 2005). 

3. Final version: Following the recommendations from RMD individuals and the 

relevant final adjustments, we developed the final version of this questionnaire. We 

then requested all registered members of the EL.E.AN.A to complete the final version 

of the questionnaire via email, or where there was no internet access, phone call 
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Questionnaire administration 

(n=625 registered RD individuals with 

EL.E.AN.A) 

 Emails 
 Phone 

Included questionnaires 
 

(n=197) 

Emails 
 

(n=137) 

Phone 
Interviews 

(n=60) 

interviews were organised instead (Figure 5.1.1). The date range on which this study 

was conducted was between November 2016 and May 2017. 

 
 

Figure 5.1.1 Flow diagram for the questionnaire development and the data acquisition process 
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Rationale for the qualitative component development process of the questionnaire 
 
 

Based on the discussions with the initial RMD patient focus group we developed the 

questionnaire for the purpose of obtaining qualitative data on: 

1) a) The currently achieved (i.e., in the sample of participants that responded they 

perform some form of exercise) exercise FITT principles, as well as b) the preferred 

FITT principles of exercise (i.e., in the total sample of participants irrespective of 

whether they exercised or not) and exercise modalities (i.e., individualised, group- 

based, supervised etc.). 

2) Individuals’ exercise awareness (i.e., in the total sample of participants irrespective of 

whether they exercised or not). To better capture and analyse exercise awareness, 

which may not constitute a well-defined term, we approached this section of the 

questionnaire as a situation resulted from either empirical or theoretical knowledge. In 

specific, from those RMD individuals in the present sample that reported that they 

exercise we collected their empirical knowledge while from those that did not engage 

in any type of exercise their theoretical knowledge. Based on this approach, we 

developed open-ended questions about a) the reasons why they liked/disliked 

exercising and b) their perceived benefits from exercise. 

The results from the collective agreement with the RMD individuals from the EL.E.AN.A led 

to co-design the final version of the questionnaire, which consisted of simple open-ended, 

dichotomous and multiple-choice questions (Table 5.1.1) that could be easily filled in by 

individuals with different educational and exercise levels. That required about 10 minutes for 

completion. 
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Table 5.1.1 Developed and distributed questionnaire to RMD individuals 
 

1. Do you like to exercise? Yes / No 

2. Explain the reasons why you like / dislike to exercise 

3. What benefits do you think that exercise promotes? 

4. Do you perform any exercise? Yes / No (go to question number 5) 

4.1 How often do you exercise? 

4.2 In what intensity do you exercise? Low / moderate / Vigorous / Depending on my mood 

4.3 How much time do you spend for each exercise session? 

4.4 What type of exercise do you do? 

5. How often would you prefer to exercise? 

6. In what intensity would you prefer to exercise? Low / Moderate / Vigorous / Depending on my mood 

7. How much time would you like to spend for an exercise session? 

8. What type of exercise would you prefer to do? 

 
 
 
 
 
 
 

Standardisation of the data collection process 
 

To standardise the data collection process, we also ensured the following approaches: 

 
a) A text with explanatory material of the study was developed and included in all email 

communications. All individuals that agreed participation received a confirmation 

email. The same text was also used as an introductory part at the phone call interviews 

and those who agreed to take part, then proceeded to the questionnaire interview. 

b) An independent clinical psychologist with experience in working with people living 

with RMDs was responsible for the data acquisition process at all times. 

c) An interview guide with different scenarios was developed and made available to the 

interviewer (clinical psychologist) to avoid influencing / leading the answers of the 

participants, in the open-ended questions. 

9. How would you prefer to exercise? Individualy / Group based / Individualy with supervision / 
Combination of the above / Other (mention below) 

10. The questionnaire was understood: Fairly satisfied / Satisfied / Very Satisfied 
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We provided a one-month time with kind reminders being sent every week for those 

participants who agreed to fill in the questionnaire in their own time and return via email. 

Those participants approached via phone calls were initially informed about the purpose of 

this study, with a minimum of 48 hours be given to think if they were interested in 

participating. Those that we were not able to approach at first, we called another two times, 

and if not successful, he/she was then not considered eligible for inclusion in the present 

study. 

Content analysis approach 
 

Qualitative content analysis was used for the data analysis (Bengtsson 2016). Factors 

attributed to the principles of exercise, modality and exercise awareness were abstracted and 

analysed to form subcategories, categories and themes (Figure 5.1.2). The deriving and 

abstracting of meaning units, along with the formation of subcategories, categories and 

themes were performed by the first author and discussed until consensus was achieved with 

the rest members of our research team. 

 
 
 
 
 
 
 

Subcategory 
Exercise is 

relaxing, and 
promoting 

wellnes 

 
Category 
Exercise is 

stress relief and 
promotes well 

being 

 
 

Theme 
Metnal Health 

 
 
 
 
 
 
 

Figure 5.1.2 Example of the content analysis 

Meaning unit 

‘’I really like exercise, especially 
swimming and dancing. It's 
relaxing, a way to express 
yourself and promoting 
wellness. Unfortunately for the 
last two years or so, I can't 
exercise because of a problem 
with my left leg, which hasn't 
even been resolved and 
prevents my movement in 
general’’ 
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5.1.4 Results 
 

Demographic characteristics 
 

Out of the 625 RMDs individuals registered with the EL.E.AN.A, we received 205 responses 

of willingness to participate. Of those 205 positive responses, eventually 197 (31.5 % 

response rate) RMD individuals completed the questionnaire [137 online and 60 via phone 

calls (69.6% and 30.4% of the sample, respectively)], while 8 were not eligible for 

participation. 174 of those RMD individuals included were females (88.3%) and 23 were 

males (11.7%), while the self-reported demographic characteristics (mean±std) of the total 

sample of participants were: age=55.1±13.7 yrs, height= 170±6 cm, weight= 68.5± 17 kg, 

BMI=26.2±5.5 kg/m2, years from diagnosis=15.6±9.5 unit and the educational level 

categorised as: primary education 0.9%, secondary education 29.4%, vocational & 

professional education 32%, higher education 18.3% and postgraduate education 14.2%. 

 
Ninety-three individuals had RA (47.3% of the sample, age=54.9±14.5 unit ) and 104 

(52.7% of the sample, age=50.2±13.9 unit) were diagnosed with other RMDs [Ankylosing 

Spondylitis (n=29, 14.7%), Systemic Lupus Erythematosus (n=25, 12.6%), Osteoarthritis 

(n=15, 7.6%), Psoriatic Arthritis (n=10, 5%), Scleroderma (n=8, 4%), Fibromyalgia (n=7, 

3.5%), Crohn’s Disease (n=4, 2%), Sjögren’s Syndrome (n=4, 2%) and Raynaud’s Disease 

(n=2, 1%)]. 

 
Regarding the exercise status of the current sample from this study, the self-reported 

data indicated that the 59,4% (n=117) of the RMD volunteers performed some exercise, 

while the 40,6% (n=80) reported no engagement in exercise. In the RA sample, 63% (n= 58) 

reported performing some type of PA, contrary to the 37% (n=34) who reported not engaging 

in PA. 
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Currently achieved exercise principles 
 

The results below derive from those RMD volunteers currently perform some exercise 

(n=117). 

Frequency: The frequency of 1-3 times/week was reported by the 43% (n=46). Moreover, 

31,8% (n=34) reported that they exercised on a daily or almost daily basis, while 17,7% 

(n=19) of the present sample reported that they exercised 3-4 times/week. Finally, 7,5% 

(n=8) stated they engaged in exercise 4-6 times/week. 

Intensity: The exercise intensity that the “exercisers” engaged in was predominantly 

moderate intensity (52,1%, n=62) followed by low intensity exercise with 31,9% (n=38). The 

option “depending on my mood’’ was selected by the 11,8% (n=14) and the high intensity 

exercise option came last with only 4,2% (n=5). 

Time: Regarding the time of an exercise bout, 41,7% (n=43) reported that they spend 60 

minutes, while the 30% (n= 31) dedicated between 30-60 minutes to exercise. Up to 20 

minutes was also reported by the 15,5% (n=16), while 60-90 minutes reported by the 10,7% 

(n=11) and above 120 minutes only the 1,9% (n=2). 

Type: The most popular exercise types were: a) gym-based and/or outdoor walking (47%, 

n=55), b) swimming (34,2%, n=40) and c) resistance/functional training (machine 

workout/free weights /elastic bands/core strength/body weight exercises) (29,9%, n=35). 

These forms of exercise were followed by Pilates (17,9%, n=21), separately ‘’gym’’ and 

‘’home-based’’ aerobic exercises (treadmill/bicycle) achieved both 14,5% (n=17) and 

dancing (9,4%, n=11). 

The sub-analysis from the volunteers with RA showed that: a) a frequency of 1-3 times/week 

(46,9%, n=23), b) moderate intensity (46,4%, n=26), c) duration of 60 minutes (50%, n=25), 
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and walking (55,3%, n=31), were the most popular answers to inform the development of an 

exercise programme. 

 
 
 

Preferred exercise principles and modalities 
 

The results below derive from the total sample of RMD volunteers (n=197), irrespective of 

whether they exercised or not (Figure 5.1.3). 

Frequency: 2-3 times per week was the most frequent answer with 41% (n=71). The 27,2% 

(n=47) of the individuals indicated that would prefer to exercise almost daily, while the 

17,3% (n=30) 3-5 times per week and the 14,4% (n=25) would like 1-2 times per week. 

Intensity: Moderate intensity was the favoured level of preferred intensity and selected by 

the 42% (n=79) of the sample. Low intensity was the second most popular and chosen by the 

32,4% (n=61), while high intensity was preferred only by the 5,3% (n=10). The 20,2% 

(n=38) of the participants answered, “depending on my mood’’. 

Time: About 1 hour was the most popular answer preferred by the 51,5% (n=82) and the 

interval between 30 minutes and 1 hour placed as the second option by 34% (n=54). Between 

1 and 2 hours was provided as an answer by the 11,3% (n=18), while less than 30 minutes 

selected by the 3,1% (n=5). 

Type: Swimming was the most popular type of exercise with 38.2% (n=63), followed by 

both walking and resistance exercises (free weights/elastic bands/suspension training) sharing 

a percentage of 16,4% (n=27). Pilates also received a percentage of 14,5% (n=24), while each 

of both gym-based aerobic exercises along with dancing, were preferred by 9,7% (n=16). 

Modality: An exercise regime characterised of a compilation from a) individualisation, b) 

supervision, and c) group-based sessions, would be the preferred approach for the 33,7% 
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About 1h 
Moderate 2-3 times 

per week Swimming 
Group-based, 

Individualised, 
Supervised 

33.7% 

38.2% 
41% 

42% 
51.5% 

(n=66) of the total sample studied herein. Group-based exercise modality followed with 

25,5% (n=50) and both a) individually with supervision and b) individually, showed an 

approximate percentage of 20% (20,4%, n=40 and 19,9%, n=39, respectively). 

At a sub-analysis from people living with RA the ideal exercise programme is consisted 

from: a) a frequency of 2-3 times per week (42,8%, n=33), b) moderate effort (42,2%, n=35), 

c) for about 1 hour duration (50%, n=38), d) swimming (36.8%, n=28) and d) a modality of 

combines both individually and group-based modes of exercise (27%, n=24), were the most 

popular answers to inform the development of an exercise programme for this population. 

 
 
 
 
 

 

Type Frequency Duration Intensity Modality 
 
 

Figure 5.1.3 Preferred exercise principles in RMDs 
 
 
 

Content analysis results on exercise awareness in the total RMDs sample. 
 

The present participants perceived that the benefits from exercise are located in three main 

themes: a) mental health, b) functional ability and c) overall health. In the theme “a” was 
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included codes like: “well-being’’, “mood catalyst (promote happiness, antiancholytic)’’, 

“refreshing’’, “feel better (body/mind/soul)’’ and “stress relief’’ (relaxing). The theme “b’’ 

consisted of codes like: “pain’’, “functionality’’, “joints/muscle function’’, “flexibility’’, 

“mobility’’ and “physical condition’’. Finally, the theme “c’’, all derivatives from the word 

“health’’ (e.g., overall health, body health) were included. 

• Reasons for liked/disliked exercise in the total sample of RMD individuals. 
 

Despite that something more than the 50% actually pursue some exercise, the vast majority of 

the participants, namely the 80.7% (n=159). From those who actually performed some 

exercise reported that it improves mental health (64,6%, n=93), functional ability (32,6%, 

n=47) and overall health (11.1%, n=16). Finally, 21.8% (n=43) of the present sample, 

reported they did not like to exercise. Analysing the reasons why exercise was not popular in 

this subgroup of RMD individuals, we identified three main reasons sharing an average of 

23,6% (n=9) amongst them. The two of them were attributed to disease related symptoms 

(i.e. one was “pain’’ and the other “fatigue”), while the third reason was that RMD 

individuals that did not engage in exercise, self-reported that exercise is a “boring’’ 

behaviour. There were also four participants that did not provide further insight about the 

reasons they disliked to exercise. Another four reported lack of time while finally, three 

individuals indicated that previous experience was a barrier that prevented them from 

following a more physically active lifestyle. 

In RA, from those individuals engaging in exercise, the vast majority reported that they liked 

the fact that exercise improved their mental health (72,8%, n=51), followed by perceived 

benefits in functional ability (42,8%, n=30), and finally, overall health (12,8%, n=9). Those 

people living with RA who reported that they did not like to exercise (17,3%, n=16) 

explained that they feel bored (35,7%, n=5) while due to disease-related symptoms - such as 
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“pain’’ and “fatigue’’-, along with “lack of previous experience’’ and “dislike exercise’’ 

(21,4%, n=3) were also attributed reasons. 

• Results on perceived exercise benefits in the total sample of RMD individuals. 
 

Regarding the perceived exercise benefits in the total sample of RMDs, they would like to 

exercise as they believe that it improves both mental health and functional ability, which both 

shared the approximate percentage of 50% (48,3%, n=88 and 47,8 %, n=87, respectively). 

Overall health-related reasons (cardiac function/stamina improvement, BP reduction) were 

also reported as benefits from exercise from 18,7% (n=34). 

Regarding the RA group of individuals, functional ability benefits (62,3%, n=53), mental 

health benefits (44,7%, n=38) and overall health-related reasons (27%, n=23), were indicated 

as the main perceived exercise benefits. 

5.1.5 Discussion 
 

The present study aimed to investigate in RMD individuals the currently achieved, as well as 

the preferred exercise principles and modality, and their exercise awareness, to explain the 

reasons that lead to this perception. Based on the self-reported results of this study, probably 

a low percentage of the present RMD individuals may adequately exercise while they 

reported that they would like to engage in exercise that may corresponds to the recommended 

PA guidelines, at least for moderate intensity. The variety of the different suggested 

modalities, indicates that individuals require individualization in their exercise programs 

which in turn, could potentially help them engage more in PA. 

According to the collective results from the total sample of this study, where a) 

irrespective of the disease as the analysis showed no differences, and b) from the content 

analysis of the qualitative self-reported results from people living with RMDs; thus, no 

directionality of the results could be made between them and the assessment of recommended 
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levels of PA, both currently achieved and preferred exercise principles in RMDs were as 

follows: 

Frequency: 1-3 times/week was reported by the 43% of individuals in the group of 

RMD individuals that reported they exercised, which was followed by the impressive 31,8% 

who exercise on a daily or almost daily basis. Interestingly, in the total sample of the present 

participants (i.e., in those who reported they exercised and those who did not) 41% reported 

that they would prefer to pursue an exercise routine of 2-3 times/week, followed by the 

27,2% who would like to exercise on a daily or almost daily basis. As such, this information 

may suggest that is feasible to develop exercise programs in this patient population that 

corresponds to the currently suggested PA guidelines, and as such, to optimize the 

management in these individuals. Moreover, the willingness of this patient group to engage in 

PA that evidently results in benefits in multiple different outcomes, suggests that healthcare 

practitioners should become knowledgeable and be able to provide such programs during and 

outside clinical practice. For those individuals that reported willingness to engage in less than 

2-3 times/week, it may be possible to engage them in programs of PA once a week, and then 

increase either frequency or intensity of PA, so they can progressively achieve the 

recommended levels of PA. 

Intensity: In terms of the level of intensity, more than the half of the sample (52,1%) 

from the “exercisers” group, train themselves on a moderate manner, which was the most 

popular answer for intensity throughout the whole sample (42%). Given the dose-dependent 

relationship between exercise and health-related benefits (Wasfy and Baggish, 2016, Pandey 

et al., 2015, Maslov et al., 2018, Merghani et al., 2015), we would ideally prefer a moderate 

to vigorous intensity, however a moderate effort seems to be a more pragmatic target, given 

the present results and the disease-related characteristics of this patient population. An 

interesting finding is the noticeable “depending on my mood’’ response of the 11,8% from 
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the “exercisers” group and by 20,2% from the total sample. Although this patient population 

experiences significant differences/changes in their mood and mental health due to disease 

symptoms (e.g., flares, pain and fatigue), it may be necessary that healthcare practitioners 

should provide options for physical activities in RMD populations, which will depend on 

their mood. This may increase engagement in PA; however, this needs to be tested in 

appropriately designed trials. 

Time: Quite optimistic were also the results about the time for exercise. The 41,7% of 

the “exercisers” group dedicate around 60 minutes per session, and 51,5% of the overall 

sample of participants would prefer such an option. Such a duration is sufficient to develop 

an exercise regime that will be consisted of all the components that each exercise session 

should include (i.e., warm-up, conditioning, cool down/stretching phases) to ensure the 

patient accepted a safe and complete exercise experience. 

Type: Swimming was reported both as a currently achieved (34,2%) and preferred 

(38,2%) type of exercise. This outcome came with no surprise, as underwater immersion 

unloads drastically the impact on the joints generated by the body weight. This may create an 

ideal environment for a typical RMD patient. Perhaps water-based interventions should be 

more actively promoted for engaging RMD individuals in physical and more trials 

investigating their effects on health-related outcomes in RMDs are needed. The high 

preference also from the total sample for walking (both outdoor and gym-based), in 

conjunction with resistance or functional exercises (by 16.4%) was another encouraging 

indicator. In specific, walking unlike swimming, deals with carrying the body weight in a 

pragmatic (gravity-based) environment, which constitutes a functionally mandatory 

requirement and thus a clinically significant parameter for the individuals’ overall health. The 

fact that both currently achieved (47%) and preferred (16,4%) types of exercise ranked 

walking high on the hierarchy, this may encourage the healthcare professionals to promote it 
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more actively, as it is also a much easier PA to advise, structure and implement in everyday 

life. With regards to functional or resistance types of exercise, which were the third most 

popular form for both currently achieved and preferred types of exercise, this may also be 

important. Resistance training results in different physiological adaptations to aerobic 

exercise that are crucially important for the individuals’ functional ability and, thus, quality 

of life (i.e., ability to lift stairs). A combination of aerobic and resistance modalities should be 

implemented in this patient population, as per the currently published guidelines by Public 

Health as well as EULAR’s PA recommendations (Thompson et al., 2013, Osthoff et al., 

2018). 

Modality: The most popular modality that was preferred by the 33,7%, was a blended 

exercise regime consisted of: a) individualisation, b) supervision, and c) group-based 

sessions. This indicates the need for tailor-based exercise programmes. As such, capacity 

building of healthcare professionals to help them develop such individualized and safe 

programs for RMD individuals is necessary (Mehra et al., 2016). 

Regarding the exercise awareness, content analysis developed three main categories 

with no differences in all different rheumatic diseases and showed that patient believe that 

exercise could improve: a) mental health, b) functional ability and c) overall health. Even 

more importantly, although individuals would like to engage in exercise at a high percentage 

(80,7% of the total sample), only 59,4% of the present participants reported that they try not 

to be sedentary and pursue some exercise. In addition, according to the self-reported data of 

this study, the achieved exercise may be below the currently suggested public health 

guidelines. In addition to this, literature findings suggest that people living with RA tend to 

over-report PA / exercise levels (Yu et al., 2015), and thus, it would be reasonable to assume 

the results of the present study could therefore be over-reported by individuals. The reasons 

why this may be the case may stem from the results obtained from question number two of 
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the present questionnaire, which asked participants the reasons why they like/dislike exercise. 

The surprisingly and relatively high percentage of 21.8% who reported “did not like” 

exercise, is to the best of our knowledge reported for the first time. In this sample  of 

individuals that reported that they do not like to exercise, the content analysis revealed that 

they main reasons were the two-common disease-related symptoms of “pain” and “fatigue” 

(23,6%). We know from the literature that these two symptoms indeed represent important 

barriers in RA for not engaging in PA/exercise (Osthoff et al., 2018, Veldhuijzen van Zanten 

et al., 2015) while interestingly, these are symptoms that could improve significantly after 

RA individuals engage in PA/exercise. Therefore, the main symptoms for avoiding to 

exercise are the ones that improve once individuals engage in PA/exercise (Veldhuijzen van 

Zanten et al., 2015), and this may be an important point for communications between the 

healthcare practitioner and the RA individuals. This is because, if individuals were aware of 

this phenomenon, it could possibly help to break this barrier. This may be a novel exercise 

barrier which arises from a potential exercise misuse (Figure 5.1.4). 
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Figure 5.1.4 A conceptual interplay that potentially leads to physically inadequate behaviours in 

people living with RMDs according to the results from this study and previous knowledge (Rausch 
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Similarly, finding exercise as ‘’boring’’ was also another important finding of the 

content analysis with a relatively percentage of 23,6% while the 10,5% of the RMD 

individuals reported that they just dislike exercise because: a) it is not pleasant, b) they were 

not used to it or c) because they prefer to do other things. 

The results from this study, besides those individuals that exercise and probably meet 

the recommended PA guidelines, may therefore suggest a new approach for categorizing 

people living with RMDs in relation to PA. Category A: It seems that some RMD individuals 

like and perform some exercise without wanting to meet the suggested PA guidelines (e.g., 

they may want to engage in lighter intensities, or reduced frequency). Category B: There are 

individuals that like to exercise, but they do not engage in PA/exercise. Category C: 

Individuals that do not like exercise, but due to disease-related symptoms that they 

experienced during PA/exercise and Category D: those individuals that do not like exercise at 

all. This suggested categorization is different to those exist in the literature, since the latter 

ones have not attempted to make such distinctions and simply categorize individuals as 

physically active vs. inactive. However, such expanded categorizations may be important, in 

order to develop more targeted interventions that correspond to these categories, and thus, 

may help enhance the engagement of RMD individuals in PA/exercise. 

The present study may have also provided some other important information for the 

behaviours around engaging in PA/exercise. In specific, in line with research findings 

(Veldhuijzen van Zanten et al., 2015, Matcham et al., 2018), this study identified that people 

living with RMDs want to improve predominantly their functional ability through 

engagement in PA/exercise interventions but also their mental health. It is well-known that 

RMDs associates with a significantly higher mental health impairment compared with the 

healthy population and that deteriorated mental health is a significant comorbidity in RMDs 

(Matcham et al., 2018). As such, it comes as no surprise that RMD individuals may want to 
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improve – via engagement in PA/exercise – one of their main comorbidities. These are 

important matters that perhaps need more investigation, in relevant and appropriately 

designed studies. 

 
 
 

Strengths and Limitations 
 

The sample size used in the present study was limited to the geographical area of Greece, 

while at the same time, males were underrepresented. In addition, the questionnaire was not 

validated, which may have introduced bias in the results obtained within the present study. 

Specifically, there is no agreed gold standard method to construct such a questionnaire. 

However, our intention was for the newly developed questionnaire to follow the suggestions 

and minimise the effects on data quality or potential biases caused by the questionnaire mode 

of administration (Bowling 2005). As such, the administration process used non-personal 

procedures but completed through emails and telephone techniques, both of which modes 

present – on average – low bias (Bowling 2005). However, social interaction could probably 

affect participants who completed the questionnaire through telephone interviews and did not 

possibly establish the same level of rapport or share the same depth of information with those 

who responded via google forms and emails. To minimise this, however, a) all phone 

interviews conducted from the same person, b) through a standardised process that was 

developed from the author and discussed with the interviewer, who was c) clinical 

psychologist in EL.E.AN.A, and thus aware about the cognitive bias and RMDs in general. 

Another issue that arises from the lack of a standardised procedure in the development 

process of a questionnaire is how the questions should be provided to 

individuals/participants, an issue that contributes to the lack of precision and specificity, as 

suggested by Michie et al. (2013). For example, a similar study (Henchoz et al. 2013) 
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retrieved exercise preferences used questions such as “If you were going to do some kind of 

regular exercise or are now exercising with whom would you most like to exercise “ and 

“where would you most like to do that exercise on a regular basis”. To avoid assuming and 

generalising, we constructed simple distinct questions for people who lack experience in 

filling in questionnaires (a process done during the piloting process) which may have led to 

more precise answers. It is these answers that could be, in turn, utilised to develop more 

specific, individualised health messages to individuals (Stamatakis et al. 2019, Hupin et al. 

2016). 

In addition, the fact that the questionnaire consisted not only of dichotomous or 

multiple-choice but open-ended questions as well, generated a strong pool of qualitative data 

for future studies. If these findings can be generalised, it is uncertain (i.e., implementing these 

results in other countries); however, this is a common issue with research studies of this 

approach, not often acknowledged appropriately in the literature. Moreover, social 

desirability is a very common barrier when sensitive information, like physical inactivity, is 

obtained. With an emphasis to systematically eliminate this limitation, the question order 

followed a specific plan to avoid dishonest responses (i.e., the first question asked whether 

you like to exercise or not and why). 

Another potential limitation relevant to the present sample of participants is that, on 

average, they were overweight, and it is known that overweight individuals may overreport 

PA/exercise engagement (Slootmaker et al. 2009). That was another reason why we 

developed a questionnaire with open-ended questions, where necessary, to avoid the potential 

bias of providing standardised responses (i.e., avoid using a five-point Likert-style). The time 

needed to complete any questionnaire is also a critical barrier to transparent qualitative data. 

Although other similar studies developed questionnaires that took approximately 45 minutes 

to be completed (Henchoz et al. 2013), the current questionnaire took around 10 minutes only 
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to complete. Overall, a strength of the present study was that the individuals judged the 

questionnaire to be “very” or “fairly understandable’’ in almost all cases (n=196, 99.5%). 

5.1.6 Conclusions 
 

The results of this study suggest that probably a low percentage of the present RMD 

individuals exercise adequately, fact that is often reported in the literature. RMD individuals 

expressed their willingness to engage in PA that corresponds to the recommended PA 

guidelines however, the present results suggest that these prescribed PA/exercise programs 

need to be individualized according to the individuals’ needs and preferences. More studies 

are required in this field of investigation and better attempts are necessary to understand how 

healthcare professionals can develop individualized PA/exercise programs for this patient 

population as well how to implement them in clinical practice to help enhance disease 

management. 

 
 
 

5.2 THE USE OF SUPRAMAXIMAL VERIFICATION TESTING FOR 

DETERMINING A ‘TRUE’ MAXIMAL EFFORT DURING CARDIOPULMONARY 

EXERCISE TESTING IN PEOPLE WITH RHEUMATOID ARTHRITIS AND 

PHYSICALLY INACTIVE NON-RA CONTROLS 

 
 

5.2.1 Abstract 
 

Background: The supramaximal verification protocol with a cardiopulmonary exercise test 

(CPET) for determining a ‘true’ VO2max has shown to be useful in healthy and athletic 

populations. However, this approach is not widely adopted in clinical settings, such as in 

people with RA. Consequently, exercise intolerance, as well as the level of 

impairment/disability diagnosis, response to treatment, and exercise prescriptions, may not be 
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optimal, while verification protocol safety has not yet been established in specific 

populations, like people with RA. 

Aim: To investigate (a) the prevalence of ‘true’ maximal CPETs as confirmed by a 

verification phase in people living with RA compared with non-RA controls; (b) the 

diagnostic accuracy of the VO2 plateau and secondary criteria (i.e., maximal values of HR, 

RER, and RPE) for determining a ‘true’ maximal CPET in people living with RA compared 

with non-RA controls; and (c) the safety of a combined CPET with a verification phase 

protocol in in people living with RA compared with non-RA controls. 

Methods: We recruited 85 adults for the present study: 42 were people with RA (53.5 ± 11.5 

years; 27.3 ± 5.8 kg·m2; 36 females and 6 males) and 43 were non-RA controls (51.7 ± 6.3 

years; 27.4 ± 5.2 kg·m2; 29 females and 14 males). All participants were physically inactive 

(exercising for < 30 minutes, 3 times/week or less). Participants were asked to perform a 

CPET protocol (modified Bruce) and, following a 20-minute recovery, a verification phase 

protocol (at 105% of the maximal speed and gradient at CPET). For evidence of a maximal 

CPET, we first investigated the presence of a plateau in VO2, defined as a change in 15-sec 

averaged VO2 ≤2.1 ml/kg/min between the last two stages. The following secondary criteria 

were then assessed: a) maximal heart rate (HRmax) ≥ 95% age predicted HRmax, b) maximal 

RER ≥ 1.15, and c) maximal RPE >18. A maximal effort was said to be ‘verified’ if the 

difference between the CPET and the verification phase protocol was no more than ±3%. The 

diagnostic accuracy of the plateau and secondary criteria during CPET to detect a ‘verified’ 

maximal effort was assessed via calculating test sensitivity, specificity, LH+/LH-, and DOR. 

Safety was evaluated via monitoring ECG, BP, RPE, and acceptability was assessed via 

participants’ self-reported willingness to proceed with the verification phase protocol. 

Results: Continuous maximal CPET and verification values showed good agreement (bias, 

upper and lower limits of agreement: 0.01, -4.42 to 4.40 ml/kg/min for people with RA; 0.38, 



84 
 

-3.44 to 4.2 ml/kg/min for healthy inactive controls). However, only 29% (n=12) of RA 

individuals and the 44% (n=19) of non-RA controls achieved a verified ‘true’ maximal 

CPET. On an individual level the plateau criterion and the secondary criteria (assessed 

independently and combined) offered poor utility in determining whether a participant is 

likely to have a verified or unverified VO2 max test result for both people with RA and non- 

RA controls (LHR+ <10 and LHR- >0.1 and DOR<20). No participant experienced any 

adverse effects during both CPET and verification phase or presented unwillingness to 

exercise further in both groups. 

Conclusions: Despite good agreement between average maximal values in the CPET and 

verification phase, on the individual level the use of VO2 plateau or commonly used 

secondary criteria failed to accurately ‘diagnose’ a verified maximal CPET in both people 

with RA and physically inactive non-RA controls. The verification phase also constituted a 

safe and acceptable procedure for both of our study groups. Therefore, verification protocols 

following CPET may be needed to ensure accurate assessment of VO2max, failure to use 

verification phase may lead to suboptimal exercise prescriptions and may have important 

implications for studies investigating the efficacy of interventions targeted to improve 

VO2max. 

5.2.2 Introduction 
 

A cardiopulmonary exercise test (CPET) constitutes a non-invasive and safe assessment 

(adverse event rate of ≤0.04% or 1 per 2,500 tests) of the interplay between the 

cardiovascular and pulmonary systems to supply oxygen to the exercising muscles as a 

response to an increase in workload or metabolic demand (Gibbons et al., 2002). CPET is 

considered the gold standard method to assess CRF—an important risk factor for CVD and 

all-cause morbidity and mortality (Williams, 2001). Observational studies consistently reveal 

that people living with RA have low CRF levels, as assessed via VO2max, in comparison to the 
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general population (Metsios et al., 2015, Metsios et al., 2009). This is mainly due to the 

debilitating symptoms of RA, such as pain, fatigue, and joint damage, which subsequently 

leads to the loss of range of motion and function in one or more areas of the musculoskeletal 

system (Metsios et al., 2019). 

In clinical populations like RA, CPET is important to inform the development of an 

exercise regimen, which aims for the improvement of the CRF and therefore improve the 

overall CVD risk [i.e., lipid profile, systolic blood pressure, adiposity, specific biomarkers of 

oxidative stress, micro- and macro- vascular function (Stavropoulos et al., 2013, Metsios et 

al., 2014, Wadley et al., 2014)]. A CPET is also used to evaluate a) undiagnosed exercise 

intolerance where cardiac and pulmonary aetiologies may coexist and the symptoms are 

disproportionate to the results of resting investigations or the investigations are non- 

diagnostic, b) responses to treatment, and c) the level of impairment/disability (Ross., 2003). 

The achievement of a maximal effort from the patient is crucial, as submaximal CPET results 

could reduce the clinical utility of CPET and lead to distorted clinical interpretation, 

underestimated individuals’ prognosis, suboptimal decision making regarding clinical 

intervention, and underdosing of exercise prescription (Boniface et al., 2020, Saynor et al., 

2013). 

VO2max is typically assessed via CPETs involving progressive step or ramp 

increments performed on a treadmill or cycle ergometer leading to volitional exhaustion 

(Albouaini et al., 2007). In people with RA, significant musculoskeletal limitations caused by 

the disease may hinder the individuals' ability to achieve maximal results during the CPET. 

Consequently, the end assessment could be attributed to disease-related reasons and not due 

to cardiopulmonary limitations as normally expected. To further support this argument, 

results from a recent systematic review led to doubt whether people with RA receive an 

optimal dosage from an exercise prescription (Boniface et al., 2020). In addition, in exercise- 
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naïve, unmotivated, or clinical populations like people living with RA, there is a serious 

concern whether a CPET yields ‘true’ maximal results (Poole et al., 2017), compared to 

healthy active people who may be more used to driving themselves to exhaustion (Chidnok et 

al., 2013). As a consequence, there is an uncertainty when CPET is used to evaluate the 

efficacy from a training or therapeutic paradigm on whether the potential improvement 

derived from the CPET is valid (Poole et al.,2017). However, the ideal CPET either for 

healthy, or clinical populations remains unclear (Poole et al., 2017a). 

Although VO2max has existed as a concept since the 1920s (Astorino et al., 2009), 

there is still a lack of consensus around the standard criteria which can confirm its attainment 

at the end of the assessment (Astorino et al., 2009). Over the years, the most regarded 

indicator for a ‘true’ VO2max attainment is the presence of a plateau in oxygen consumption 

(VO2 plateau) at the end of the test (Beltz et al., 2016). However, the existence of the VO2 

plateau is not well defined yet, as there are 13 different criteria used (Astorino et al., 2009), 

and is rarely seen in clinical populations or non-athletes (Arena et al., 2007), thus, the term 

VO2peak has been accepted as the highest VO2 value. Unfortunately, VO2peak is often used 

incorrectly in the literature as a synonym for VO2max. In the absence of a VO2 plateau, the 

traditionally used secondary VO2max criteria are used to validate VO2peak. The most popular 

secondary (with VO2 plateau being the primary) criteria used in the literature to determine 

VO2max assess the results from HR, maximal respiratory exchange ratio (RERmax), blood 

lactate concentration, and the rating of perceived exertion at peak exercise (RPEmax) (Poole, 

2007, Riebe et al., 2017, Midgley et al., 2009, Tanaka et al., 2001, Issekutz et al., 1962, 

Magnan et al., 2013). 

Like with the VO2 plateau criterion, there is a broad range of ‘maximal’ values for the 

secondary criteria in healthy and especially patient population that generates a problematic 

‘one size fits all’ approach (Poole et al., 2017). Furthermore, the attainment of the these 
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criteria can be influenced by the selected CPET protocol (Wasserman, 1994, Whipp et al., 

1981, Whipp et al., 2007), data averaging intervals (Astorino, 2009), and participants’ level 

of inactivity (Cooper et al., 1984, Hansen et al., 1984). As a consequence, the utilisation of 

the secondary criteria could have a 30-40% underestimation of ‘true’ VO2max   or lead to 

falsely rejecting tests with ‘true’ VO2max attainment (Poole et al., 2007). 

The overall variability of the secondary criteria, along with the inability to discern 

between those who do and do not reveal a VO2 plateau at VO2max, has resulted in some 

scientists rejecting them altogether (Astorino, 2009), while others question and criticise even 

the existence of both: a) a ‘true’ VO2max concept (Noakes, 2012, Day et al., 2003) and b) the 

VO2 plateau phenomenon (Howley, 2007). To bridge this gap, an alternative “verification 

phase” method has been proposed (Poole et al., 2017). A verification protocol involves a bout 

of exercise at an intensity above the last stage achieved on the CPET, and the results of the 

verification protocol are then compared with the CPET results in order to verify whether a 

maximal CPET was achieved (Midgley et al., 2008). 

The validity of the verification phase has been, so far, investigated with success in 

healthy (Edvardsen et al., 2014), healthy sedentary (Astorino et al., 2009), athletic (Nolan et 

al., 2014), selected clinical (Saynor et al., 2013), obese (Sawyer et al., 2015, Wood et al., 

2010), and paediatric (Barker et al., 2011) populations. When all safety measures are taken, 

studies have shown the verification phase is well tolerated and performed without problems 

in both healthy and patient populations (Schaun, 2017), such as in people with cystic fibrosis 

(Causer et al., 2018). Nevertheless, verification phase research remains in its infancy in 

clinical populations, and there are no published data so far for people with RA, despite the 

suggested emergence to obtain ‘true’ VO2max results (Midgley and Carroll, 2009). This 

current study was therefore, designed to investigate a) the prevalence of ‘true’ maximal 

CPETs as confirmed by a verification phase in people living with RA compared to non-RA 
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controls; b) the accuracy of plateau and secondary criteria to ‘diagnose’ a ‘true’ maximal 

CPET in people living with RA compared to non-RA controls; and c) to establish the safety 

of a combined CPET with a verification phase protocol in people living with RA compared to 

non-RA controls. To investigate these research questions, we hypothesised that (i) due to 

disease-related reasons, fewer people living with RA comparing to non-RA controls will 

attain a verification phase confirmed ‘true’ maximal effort during the CPET; (ii) VO2 plateau 

and secondary criteria will present low diagnostic accuracy during the CPET in people living 

with RA and lower comparing to non-RA controls; and (iii) the combined CPET with a 

verification phase will be performed without safety issues in both participant groups. 

5.2.3 Methods 
 

Participants 
 

We recruited a convenience sample of 85 adults comprised 42 people living with RA and 43 

healthy but physically inactive controls. Participants were informed and self-referred for this 

study either via a press release advertisement or information requesting participation via 

social media and through word of mouth of those that had participated. For the RA patient 

group specifically, some RA individuals were also recruited via the EL.E.AN.A. All 

participants received preparticipation information via a phone call and were instructed to 

wear comfortable clothing for the test, not exercise 24 h before testing, stay smoke/vape-free 

the morning before testing, eat lightly (preferably fasting 3-4 h before testing), avoid drinking 

caffeine the morning before testing, and bring any list of their medications with them. Upon 

their arrival to Henry Dunant General Hospital, participants provided written and witnessed 

informed consent after the procedures were explicitly explained to them verbally and in 

writing. The current study received ethical approval by the ethics committees of both the 

University of Wolverhampton, UK, and the Henry Dunant’s General Hospital's, Greece. 
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All eligible participants must have followed a physically inactive lifestyle (exercising 

for 30 minutes or less for no more than 3 times a week) and were adults 18-75 years of age. 

Additionally, people living with RA were eligible if they: a) fulfilled the revised American 

College of Rheumatology classification criteria for RA (Arnett et al., 1988); and b) were on 

stable medication for at least three months prior to participating in the present study. Non-RA 

controls were eligible if they were also free from any known chronic disease. 

Extended cardiological, and pulmonary functional screening was performed prior to 

the onset of the CPET test to exclude volunteers with potentially undiagnosed or untreated 

cardiovascular, respiratory, and renal diseases as per the ACSM guidelines, to assure that 

there was no participant with a present contraindication for vigorous intensity exercise 

(Deborah Riebe et al., 2017). All participants visited the Henry Dunant Pulmonary 

Physiology Laboratory once for this study. For each test, the physiology laboratory room 

temperature was set between 20° C and 22° C, humidity was less than 60%, and adequate 

airflow was provided (Kingma et al., 2012). All assessments took place during morning 

hours. The date range on which this study was conducted was between September 2017 and 

June 2018. For the exact details of the methodology of these assessments, please see the 

Chapter 4 (Sections 4.2.1- 4.2.6). 

 

Statistical analysis 
 

Data are reported as means ± standard deviations (SD) and 95% confidence intervals (CI). 

Independent samples Welch’s t-tests were used to investigated differences in CPET and the 

verification phase data in people with RA compared to non-RA controls. Paired samples 

Student’s t-tests compared test results in the CPET versus verification phase for the two 

groups separately. Analyses were performed using jamovi [Version 1.6; The jamovi project 

(2021)]. The level of statistical significance was set at p<0.05 and we did not correct for 
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multiple comparisons. Bland-Altman analysis were performed (via the ‘blandr’ jamovi 

module) to assess the agreement between VO2peak values during CPET and verification phase. 

However, because decisions regarding VO2peak verification or the attainment of ‘true’ 

maximal CPET is made at the individual level, not based on group averages, we adopted a 

‘diagnostic accuracy’ approach to evaluate the utility of primary and secondary CPET criteria 

and verification phase testing. The ‘Diagnostic accuracy’ of the plateau criterion and 

secondary criteria to detect a ‘true’ maximal CPET were analysed via the ‘meddecide’ 

module on jamovi, which allowed calculation of sensitivity, specificity, LHR+/LHR-, and 

diagnostic DOR. 

In the context of the present study, an LHR+ is the proportion of participants with a 

verified ‘true’ maximal test who satisfied a particular criterion (e.g., VO2 plateau) (i.e., 

sensitivity) divided by the proportion without a verified ‘true’ maximal test who did not 

satisfy the same criterion (i.e., 1-specificity). Whereas the LHR- is the proportion with a 

verified test who did not satisfy a particular criterion (i.e., 1-sensitivity) divided by the 

proportion without a verified test who did not satisfy a particular criterion (i.e., specificity). 

We interpreted LHR as follows: criteria with a LHR+ >10 or a LHR- < 0.1 were interpreted as 

having high diagnostic accuracy, whereas, LHRs from 0.33 to 3 suggest low diagnostic 

accuracy (Jaeschke et al. 1994). The DOR in our study is defined as the ratio of the odds of 

satisfying a certain criterion (e.g., RERmax ≥1.15) in participants with a verified ‘true’ 

maximal test relative to the odds in participants without a verified ‘true’ maximal test (i.e., 

LHR+ divided by LHR-). Criteria with DOR of >20 were deemed to be potentially useful 

(Fischer et al. 2003). 

5.2.4 Results 
 

Overall, seven participants from the non-RA controls group were excluded due to 

undiagnosed cardiac complications (3 with cardiac hypertrophy/diastolic dysfunction/atrium 
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dilation, 2 with systolic or diastolic dysfunction, and 2 with HF). There were no differences 

in any measured baseline characteristics between people living with RA and non-RA controls 

(Table 5.2.1). However, there were more than twice the number of males in the non-RA 

control group versus the RA group (14% vs. 33%). People living with RA presented with low 

mean disease activity score (DAS28=2.8 ± 0.8). 

Table 5.2.1. Baseline characteristics (mean ± SD) of people living with RA and non-RA controls 
 

Baseline Characteristics RA (n=42) Non-RA Controls (n=43) 

Age (y) 53.5 ± 11.7 51.7 ± 6.4 

Height (m) 1.63 ± 0.09 1.67 ± 0.10 

Mass (kg) 73.0 ± 16.9 76.0 ± 15.5 

BMI (kg/m2) 27.3 ± 5.9 27.4 ± 5.3 

Gender (F:M) 36:6 29:15 

Systolic blood pressure, rest (mmHg) 106 ± 14.2 109 ± 17.2 

Diastolic blood pressure, rest (mmHg 79.0 ± 10.5 78.6 ± 10.8 

Heart rate, rest (bpm) 77.7 ± 8.3 81.7 ± 11.7 

Key: BMI=body mass index; F=female; M=male. 
 
 
 

CPET and verification phase test results in people living with RA and non-RA controls 

 
People living with RA obtained similar VO2peak, RERmax, and RPEmax values during CPET 

and verification phase tests compared to non-RA controls (Table 5.2.2). HRmax and % 

APMHR CPET values, however, were statistically lower in people living with RA versus 

non-RA controls for both tests. The HRmax of people living with RA were on average 10 and 

7 bpm lower than non-RA controls during the CPET and verification tests, respectively. 

Similarly, when HRmax was expressed as % of APMHR, people living with RA were 4-5% 

lower than non-RA controls during both tests. Clinical meaningfulness also reported the 

21.4% of people living with RA (n=9) comparing to the 11.6% of non-RA controls (n=5), 

with VO2peak exceeded CPET VO2peak by ≥ 6%. 
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Table 5.2.2. Comparison between people living with RA and non-RA controls during CPET and 

verification phase test variables 

CPET RA 

(n=42) 

Non-RA 

Controls 

(n=43) 

MD (95% CI) d p 

VO2 peak (ml/kg/min) 24.9 ± 6.3 27.1 ± 5.6 -2.3 (-4.8, 0.3) -0.38 0.08 

VO2 plateau (ml/kg/min) 0.2 ± 1.2 0.7 ± 1.9 -0.5 (-1.2, 0.2) -0.30 0.16 

HRmax (bpm) 155 ± 19 165 ± 15 -9.4 (-16.7, -2.1) -0.56 0.01 

APMHR % 91.1 ± 8.4 96.1 ± 8.3 -5.0 (-8.6, -1.4) -0.60 0.01 

RERmax 1.10 ± 0.13 1.09 ± 0.11 0.0 (-0.0, 0.1) 0.08 0.71 

RPEmax 16.4 ± 2.3 17.2 ± 1.9 -0.9 (-1.7, 0.0) -0.41 0.06 

Test duration (min:sec) 15:01±02:45 16:27±2:18    

Verification test      

VO2peak (ml/kg/min) 24.9 ± 6.3 26.7 ± 6.1 -1.9 (-4.5, 0.8) -0.30 0.17 

VO2 plateau (ml/kg/min) 0.7 ± 1.6 1.0 ± 1.3 -0.3 (-0.9, 0.3) -0.19 0.38 

HRmax (bpm) 156 ± 18 163 ± 15 -7.4 (-14.5, -0.3) -0.45 0.04 

APMHR % 91.1 ± 7.9 94.9 ± 8.2 -3.8 (-7.3, -0.3) -0.47 0.03 

RERmax 1.00 ± 0.10 1.00 ± 0.13 0.0 (-0.1, 0.1) 0.01 0.97 

RPEmax 16.3 ± 2.1 17.1 ± 2.1 -0.8 (-1.7, 0.1) -0.40 0.07 

Test duration (min:sec) 05:22±01:35 05:24±01:18    

Key: VO2peak=peak oxygen uptake; HRmax=heart rate maximum; APMHR %=percentage of age- 
predicted maximum heart rate; RERmax=maximal respiratory exchange ratio; RPEmax=maximal rate 
of perceived exertion via 6-20 Borg Scale. 



93 
 

Table 5.2.3 Comparison between female people living with RA and non-RA controls during CPET 
and verification phase test variables 
CPET RA 

(n=36) 

Non-RA 

Controls 

(n=28) 

MD (95% CI) d p 

VO2 peak (ml/kg/min) 24.6 ± 6.5 25 ± 5.3 -0.5 (-3.5, 2.5) -0.08 0.74 

VO2 plateau (ml/kg/min) 0.1 ± 1.2 0.6 ± 1.2 -0.5 (-1.1, 0.1) -0.41 0.10 

HRmax (bpm) 155 ± 19 161 ± 15 -6.6 (-15.5, -2.3) -0.37 0.14 

APMHR % 90.3 ± 8.6 93.6 ± 7.8 -3.2 (-7.4, 0.9) -0.39 0.12 

RERmax 1.09 ± 0.13 1.05 ± 0.09 0.0 (-0.0, 0.0) 0.33 0.18 

RPEmax 16.3 ± 2.3 17.1 ± 2 -0.8 (-1.9, 0.2) -0.37 0.14 

 
Verification test 

 
RA 

(n=36) 

 

Non-RA 

Controls 

(n=28) 

 
MD (95% CI) 

 
d 

 
p 

VO2 peak (ml/kg/min) 24.8 ± 6.6 24.6 ± 5.6 0.2 (-2.9, 3.3) 0.02 0.90 

VO2 plateau (ml/kg/min) 0.8 ± 1.6 1 ± 1.1 -0.2 (-0.9, 0.5) -0.15 0.55 

HRmax (bpm) 155 ± 18 158 ± 15 -2.9 (-11.2, 5.3) -0.17 0.48 

APMHR % 90.7 ± 7.6 91.8 ± 7.6 -1.0 (-4.9, 2.7) -0.14 0.57 

RERmax 0.99 ± 0.09 0.96 ± 0.11 0.0 (-0.0, 0.0) 0.27 0.28 

RPEmax 16.2 ± 2.1 17 ± 2.2 -0.7 (-1.9, 0.3) -0.35 0.16 
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Table 5.2.4 Comparison between male people living with RA and non-RA controls during CPET and 
verification phase test variables 
CPET RA 

(n=6) 

Non-RA 

Controls 

(n=16) 

MD (95% CI) d p 

VO2 peak (ml/kg/min) 26.4 ± 3.9 30.9 ± 4.2 2.0 (-8.7, -0.3) -1.07 0.03 

VO2 plateau (ml/kg/min) 0.96 ± 1.0 0.90 ± 2.8 0.0 (-2.5, 2.6) 0.02 0.96 

HRmax (bpm) 161 ± 14 172 ± 12 -10.8 (-23.6, - 

2.1) 

-0.84 0.09 

APMHR % 95.7 ± 5.5 100.7 ± 7.1 -5.0 (-11.8, 1.8) -0.74 0.14 

RERmax 1.16 ± 0.08 1.17 ± 0.10 0.0 (-0.1, 0.0) -0.04 0.92 

RPEmax 16.7 ± 2.3 17.4 ± 1.6 -0.7 (-2.5, 1.0) -0.40 0.40 

 
Verification test 

 
RA 

(n=6) 

 
Non-RA 

Controls 

(n=16) 

 
MD (95% CI) 

 
d 

 
p 

VO2 peak (ml/kg/min) 25.3 ± 4.5 30.7 ± 4.8 -5.4 (-10.1, -0.6) -1.14 0.02 

VO2 plateau (ml/kg/min) 0.13 ± 1.3 0.93 ± 1.7 -0.8 (-2.4, 0.8) -0.50 0.30 

HRmax (bpm) 157 ± 22 172 ± 11 -14.7 (-29.5, 1.0) -1.01 0.05 

APMHR % 93.1 ± 9.9 100.6 ± 6.1 -7.5 (-14.9, -0.1) -1.02 0.04 

RERmax 1.04 ± 0.13 1.06 ± 0.14 -0.0 (-0.2, 0.1) -0.17 0.72 

RPEmax 16.8 ± 1.7 17.4 ± 1.8 -0.6 (-2.3, 1.2) -0.32 0.51 

 
 

Maximal values during the CPET were similar to values during verification phase for 

both people living with RA and non-RA controls, apart from RERmax values (Table 5.2.3). 

Based on the Cohen’s d effect sizes, there was a moderate and large difference in RERmax 

between the CPET and verification phase (higher values during CPET) for people living with 

RA and non-RA controls, respectively. 
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Table 5.2.5. Comparison between CPET and verification phase test variables for people living with 

RA and non-RA controls 

RA (n=42) CPET Verification MD (95% CI) d p 

VO2peak (ml/kg/min) 24.9 ± 6.2 24.9 ± 6.3 -0.01 (-0.71, 0.69) -0.00 0.984 

VO2 plateau (ml/kg/min) 0.21 ± 1.20 0.72 ± 1.55 -0.51 (-1.07, 0.05) -0.28 0.072 

HRmax (bpm) 156 ± 19 156 ± 18 0.05 (-2.16, 2.26) 0.01 0.965 

APMHR % 91.1 ± 8.4 91.1 ± 7.9 0.03 (-1.30, 1.36) 0.01 0.963 

RERmax 1.10 ± 0.13 1.00 ± 0.10 0.10 (0.05, 0.15) 0.61 0.000 

RPEmax 16.4 ± 2.3 16.3 ± 2.1 0.10 (-0.88, 1.07) 0.03 0.845 

Test duration (min:sec)      

Non-RA control (n=43)      

VO2peak (ml/kg/min) 27.1 ± 5.6 26.7 ± 6.1 0.38 (-0.22, 0.98) 0.19 0.210 

VO2 plateau (ml/kg/min) 0.69 ± 1.92 1.00 ± 1.31 -0.30 (-1.07, 0.47) -0.12 0.431 

HRmax (bpm) 165 ± 15 163 ± 15 2.05 (-0.38, 4.47) 0.26 0.096 

APMHR % 96.1 ± 8.3 94.9 ± 8.2 1.20 (-0.22, 2.63) 0.26 0.095 

RERmax 1.09 ± 0.11 1.00 ± 0.13 0.09 (0.06, 0.12) 0.97 0.000 

RPEmax 17.2 ± 1.9 17.1 ± 2.1 0.12 (-0.42, 0.65) 0.07 0.663 

Test duration (min:sec)      

Key: VO2peak=peak oxygen uptake; HRmax=heart rate maximum; APMHR %=percentage of age- 
predicted maximum heart rate; RER max=maximal respiratory exchange ratio; RPE max=maximal 
rate of perceived exertion via 6-20 Borg Scale. 

 
 

Bland-Altman analyses revealed good agreement on average between VO2peak values 

during CPET versus verification phase for both the RA (bias=-0.01, 95% CI -4.42, 4.40 

ml/kg/min) and non-RA control (bias=0.38, 95% CI -0.22, 0.98 ml/kg/min) groups (Figure 

5.2.1). The 95% limits of agreement (mean difference ± 1.96 SDs of the difference) reveals 

that 95% of the differences between the CPET and verification phase lay between -4.42 and 

4.40 ml/kg/min for people living with RA and between -3.44 and 4.2 ml/kg/min for non-RA 

controls. 
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A. People living with RA B. Non-RA controls 
 

 

Figure 5.2.1. Bland-Altman plots comparing VO2peak values during CPET vs. verification phase in 
people living with RA (A) and non-RA controls (B) 

 
 
 

Assessment of the CPET validity in RAs and Non-RA controls 

 
Verified ‘true’ maximal VO2 values: 

 

Over a third of participants (n=31; 36.5%) had their maximal CPET VO2 confirmed as a 

‘true’ maximal test via the verification test. Fewer people living with RA achieved a verified 

‘true’ maximal VO2 than non-RA controls (n=12 vs. 19; 29% vs. 44%). 

Evidence and diagnostic accuracy of VO2 plateau to detect a maximal CPET: 
 

We failed to observe a discernible plateau in VO2 prior to CPET termination in only six 

participants (RA=2; controls=4, Table 5.2.4). Therefore, 95% and 91% of the RA and non- 

RA control groups satisfied our plateau criterion, respectively. Of those people living with 

RA who met the plateau criterion, 13 (33%), 10 (25%), and 14 (35%) also met the HRmax, 

RERmax, and RPEmax criteria. Slightly more of the non-RA controls who satisfied the 

plateau criterion also met the HRmax (n=22; 56.4%), RERmax (n=15; 38.5%), and RPEmax 

(n=16; 41%) criteria. 
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There was disagreement, however, between the achievement of the plateau criterion 

and test verification. Based on the plateau criterion alone, 23.8% (n=10) of people living with 

RA and 53.5% (n=23) of the non-RA controls would have been accurately defined as 

achieving or failing to achieve a ‘true’ maximal VO2 value. Although most people living with 

RA and non-RA controls who verified a ‘true’ maximal test using the VO2 value criterion 

also achieved a VO2 plateau (sensitivity: 83% and 100%, respectively), very few of the 

participants in both groups who were not verified failed to also achieve a VO2 plateau 

(specificity: 0% and 17%, respectively). Based on the LHRs the plateau criterion had low 

diagnostic accuracy (i.e., close to 1); calculation of DOR was not possible due to a lack of 

‘true’ negatives in both groups. However, the above results should be interpreted cautiously 

given the low number of participants in both groups who did not meet the plateau criterion. 

Table 5.2.6 Diagnostic accuracy of the plateau criterion to detect a verified ‘true’ VO2max. 
 
 

 

Test result Target event  LHR 

(95% CI) 

DOR 

(95% CI) 

RA Verified Not verified   

Plateau positive TP = 10 FP = 30 0.83 

(0.6 to 1.1) 
0 

(NA) 
Plateau negative FN = 2 TN = 0 - 

Sensitivity (95% CI) 83% (52 to 98%)  

Specificity (95% CI) 0% (0 to 12%) 

 
Non-RA Controls Verified Not verified 

 

Plateau positive TP = 19 FP = 20 1.2 

(1.0 to 1.4) 

 
NA 

(NA) 
Plateau negative FN = 0 TN = 4 0 

Sensitivity (95% CI) 100% (82 to 100%)  

Specificity (95% CI) 17% (5 to 37%) 

Key: RA=rheumatoid arthritis; 95% CI=95% confidence intervals; CON=non-RA control; TP=True 
positives; FP=False positives; FN=False negatives; TN=True negatives; LHR=likelihood ratio; 
DOR=diagnostic odds ratio. 
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Verification of HRmax values: 
 

Less than half (n=39; 45.9%) of our sample had their maximal CPET HR confirmed as a 

‘true’ HRmax value during the verification phase. More people living with RA (n=25; 59.5%) 

had their maximal CPET HR confirmed than non-RA controls (n=14; 32.6%). 

 
 
 

Evidence and diagnostic accuracy of the HRmax criterion to detect VO2 max values: 
 

Less than half (n=38; 44.7%) of the participants met the 95% age predicted HRmax criterion 

during CPET (Table 5.2.5). More of the non-RA controls (n=24; 55.8%) met this criterion 

than participants with RA (n=14; 33.3%). Based on the HRmax criterion alone, 66.7% (n=28) 

of people living with RA and 51.2% (n=22) of the non-RA controls would have been 

accurately defined as achieving or failing to achieve a ‘true’ maximal VO2 value. Based on 

LHRs close to 0 and low DORs, the HRmax criterion had low accuracy to detect a ‘true’ 

maximal test regardless of participant group. Of the people living with RA who met the 

HRmax criterion, four (28.6%) and six (42.9%) also achieved the RERmax and RPEmax 

criteria, respectively; whereas 12 (50%) and nine (37.5%) of the non-RA controls who 

satisfied the HRmax criterion also met the RERmax and RPEmax criteria, respectively. 
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Table 5.2.7. Diagnostic accuracy of the HRmax criterion to detect a verified ‘true’ VO2max. 
 

 

Test result Target event  LHR 

(95% CI) 

DOR 

(95% CI) 

RA Verified Not verified   

HRcrit positive TP = 6 FP = 8 1.9 

(0.8 to 4.3) 

 

2.8 

(0.7 to 11.1) HRcrit negative FN = 6 TN = 22 0.7 

(0.4 to 1.3) 

Sensitivity (95% CI) 50% (21 to 79%)  

Specificity (95% CI) 73% (54 to 88%) 

 
Non-RA Controls Verified Not verified 

 

HRcrit positive TP = 11 FP = 13 1.1 

(0.6 to 1.8) 

 

1.2 

(0.3 to 3.9) HRcrit negative FN = 8 TN = 11 0.9 

(0.5 to 1.8) 

Sensitivity (95% CI) 58% (34 to 80%)  

Specificity (95% CI) 46% (26 to 67%) 

Key: RA=rheumatoid arthritis; 95% CI=95% confidence intervals; CON=non-RA control; 
HRcrit=Heart rate maximum criterion; TP=True positives; FP=False positives; FN=False negatives; 
TN=True negatives; LHR=likelihood ratio; DOR=diagnostic odds ratio. 

 
 

Evidence and diagnostic accuracy of the RERmax criterion to detect VO2max values: 
 

Only 25 (29.4%) of the participants obtained an RERmax CPET value above the RER cut-off 

of 1.15 (Table 5.2.6). Only 10 (23.8%) of the people living with RA satisfied the RERmax 

criterion compared to 15 (34.9%) of the non-RA controls. Based on the RERmax criterion 

alone, 52.3% (n=22) of people living with RA and 51.2% (n=22) of the non-RA controls 

would have been accurately defined as achieving or failing to achieve a ‘true’ maximal VO2 

value. The LHRs and DORs indicated low diagnostic accuracy of this criterion to detect a 

‘true’ maximal test for both RA and non-RA control groups. Two (20.0%) of the people 
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living with RA and seven (46.7%) of the non-RA controls who met the RERmax criterion 

also satisfied the RPE ≥18 criterion. 

 
 

Table 5.2.8. Diagnostic accuracy of the RERmax criterion to detect a verified ‘true’ VO2max. 
 

 

Test result Target event  LHR 

(95% CI) 

DOR 

(95% CI) 
 

RA Verified Not verified 
 

RERcrit positive TP = 1 FP = 9 0.3 

(0.0 to 2.0) 

 

0.2 

(0.0 to 1.9) RERcrit negative FN = 11 TN = 21 1.3 

(1.0 to 1.8) 

Sensitivity (95% CI) 

Specificity (95% CI) 

8% (0 to 39%) 

70% (51 to 85%) 

 

 
Non-RA Controls Verified Not verified 

 

RERcrit positive TP = 11 FP = 13 1.1 

(0.6 to 1.8) 

 

1.2 

(0.3 to 3.9) RERcrit negative FN = 8 TN = 11 0.9 

(0.5 to 1.8) 

Sensitivity (95% CI) 

Specificity (95% CI) 

58% (34 to 80%) 

46% (26 to 67%) 

 

Key: RA=rheumatoid arthritis; 95% CI=95% confidence intervals; CON=non-RA control; 
HRcrit=Respiratory exchange ratio criterion; TP=True positives; FP=False positives; FN=False 
negatives; TN=True negatives; LHR=likelihood ratio; DOR=diagnostic odds ratio. 

 
 
 

Evidence and diagnostic accuracy of the RPEmax criterion to detect VO2 max values: 
 

Nearly two-thirds (n=53; 62.4%) of participants did not reach an RPEmax value of at least 18 

during the CPET (Table 5.2.7). A lower proportion of people living with RA achieved this 

criterion than non-RA controls (RA: n=14, 33.3%; Control: n=18; 41.9%). Based on the 

RPEmax criterion alone, 61.9% (n=26) of people living with RA and 51.2% (n=22) of the 



101 
 

 

non-RA controls would have been accurately defined as achieving or failing to achieve a 

‘true’ maximal VO2 value. LHRs close to 1.0 and low DORs indicated this criterion had low 

diagnostic accuracy for both groups. 
 
 
 

Table 5.2.9. Diagnostic accuracy of the RPEmax criterion to detect a verified ‘true’ VO2max. 
 

 

Test result Target event  LHR 

(95% CI) 

DOR 

(95% CI) 
 

RA Verified Not verified 
 

RPEcrit positive TP = 5 FP = 9 1.4 

(0.6 to 3.3) 

 

1.7 

(0.4 to 6.7) RPEcrit negative FN = 7 TN = 21 0.8 

(0.5 to 1.4) 

Sensitivity (95% CI) 

Specificity (95% CI) 

42% (16 to 45%) 

70% (51 to 85%) 

 

 
Non-RA Controls Verified Not verified 

 

RPEcrit positive TP = 8 FP = 10 1.0 

(0.5 to 2.1) 

 

1.0 

(0.3 to 3.5) RPEcrit negative FN = 11 TN = 14 1.0 

(0.6 to 1.7) 

Sensitivity (95% CI) 

Specificity (95% CI) 

42% (20 to 67%) 

58% (37 to 78%) 

 

Key: RA=rheumatoid arthritis; 95% CI=95% confidence intervals; CON=non-RA control; 
RPEcrit=Rate of perceived exertion criterion; TP=True positives; FP=False positives; FN=False 
negatives; TN=True negatives; LHR=likelihood ratio; DOR=diagnostic odds ratio. 

 
 
 

Evidence and diagnostic accuracy of all secondary criteria to detect VO2 max values: 
 

Only five (5.9%) of the participants met all three secondary criteria for a maximal effort at 

the CPET (Table 5.2.8). All five were non-RA controls, none of the people living with RA 

satisfied the secondary criteria. Using ‘meeting all secondary criteria’ as a criterion led to an 
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accurate diagnosis in only 29% of cases. Due to no positive cases in the RA group, LHRs and 

DORs were either not calculatable or uninformative. In our non-RA controls, this combined 

criterion had low diagnostic accuracy. Using a criterion of satisfying two out of three 

secondary criteria led to similarly low diagnostic accuracy for both groups. 

 
 
 

Table 5.2.10. Diagnostic accuracy of the combined secondary criterion to detect a verified ‘true’ 
VO2max. 

 
 

Test result Target event  LHR 

(95% CI) 

DOR 

(95% CI) 
 

RA Verified Not verified 
 

Secondary crit positive TP = 0 FP = 0 -  

NA 

(NA) Secondary crit negative FN = 30 TN = 12 1.0 

(1.0 to 1.0) 

Sensitivity (95% CI) 

Specificity (95% CI) 

0% (0 to 12%) 

100% (74 to 100%) 

 

 
Non-RA Controls Verified Not verified 

 

Secondary crit positive TP = 3 FP = 2 1.9 

(0.4 to 10.2) 

 

2.1 

(0.3 to 13.8) Secondary crit negative FN = 16 TN = 22 0.9 

(0.7 to 1.2) 

Sensitivity (95% CI) 

Specificity (95% CI) 

16% (3 to 40%) 

92% (73 to 99%) 

 

Key: RA=rheumatoid arthritis; 95% CI=95% confidence intervals CON=non-RA control; Secondary 
crit=satisfies HRmax, RER, and RPE criteria; TP=True positives; FP=False positives; FN=False 
negatives; TN=True negatives; LHR=likelihood ratio; DOR=diagnostic odds ratio. 
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Safety 
 

The CPET with a verification phase protocol was well tolerated by all participants, including 

both people living with RA and non-RA controls. No participant experienced any adverse 

effects during the tests (i.e. disease-related outcomes such as local pain or fatigue), and no 

complication was observed in the ECG (i.e., ST-segment depression/elevation, sustained 

ventricular tachycardia or other arrhythmia) and BP (i.e., systolic BP>250 mm Hg or 

diastolic BP >115 mm Hg) during both tests (CPET and verification phase) and at the 

recording of five consecutive minutes at the end of both assessments, as per the ACSM 

guidelines (Deborah Riebe et al. 2017). Furthermore, no person presented unwillingness to 

exercise further (i.e., to perform the verification phase protocol) following the CPET. 

5.2.5 Discussion 
 

Our study is the first to investigate the utility of using a verification phase to confirm the 

attainment of a ‘true’ maximal effort during CPET in people living with RA. The results from 

the current study can be concluded into four main findings: 1) we found good agreement 

between VO2peak values during the CPET and verification phase for both RA and non-RA 

control groups; 2) however, on the individual level, only 29% of people living with RA and 

44% of the non-RA controls attained a ‘true’ maximal VO2 test during the CPET as 

confirmed by the verification phase results; 3) VO2 plateau and secondary criteria in both 

groups failed to accurately ‘diagnose’ a ‘true’ maximal CPET; and 4) the addition of a 

verification protocol to a CPET is safe for both people living with RA and physically inactive 

but non-RA controls—no participant experienced an adverse effect or presented 

unwillingness to exercise further following the CPET. Therefore, based on our data, the 

verification phase appears to be a meaningful and safe method for measuring a diagnostically 

accurate CPET, and may need to be incorporated into CPET protocols for people living with 

RA and physically inactive healthy individuals. 
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Based on the findings from the verification phase criterion (CPET VO2peak result 

within 3% of a verification phase VO2peak) of this study, 15% fewer people with RA achieved 

maximal efforts compared to non-RA controls during CPET. The fact that both groups 

presented with no differences (p>0.05) in terms of age, BMI, CRF (only the male population 

presented with significant differences, but the RA sample was underrepresented), and PA 

level (i.e., both suffer from a physically inactive lifestyle) may suggest that disease status was 

the primary reason for this difference in results between groups. In support of this conjecture, 

a review of the literature revealed that the disease-related symptoms of pain and fatigue, 

accompanied by the lack of knowledge regarding appropriate PA and exercise, has been 

related to fear of aggravating the disease or damaging joints (Veldhuijzen van Zanten et al., 

2015). Unfortunately, we did not measure pre-test symptoms or confidence in both 

participant groups; however, anecdotally some individuals expressed their fear of aggravating 

their disease-related symptoms further after applying the CPET. Despite the explicit 

information given about the procedure's safety pre-test, after experiencing the CPET without 

any implications could lead to a biased result from repeated testing as the patient gains 

experience and possibly enhanced confidence, affecting the CPET results (Poole et al., 2017). 

Another explanation for the reported discrepancy between RA and healthy inactive 

controls in attaining a maximal CPET could be a potential subclinical cardiac malfunction 

expressed with exercise intolerance symptoms. Namely, in the absence of other differences 

(i.e., age, BMI, VO2peak, BP rest, HR rest), the HRmax of people living with RA was on 

average 10 and 7 bpm significantly lower than non-RA controls during the CPET and 

verification tests, respectively. During the sub-analysis of the genders between the groups, 

despite the lack of statistically significant differences at all different conditions (i.e., group 

means and gender-specific differences), controls, however, consistently presented with higher 

HR records. This inability of the heart to increase its rate of contraction commensurate with 
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increased activity or demand (exercise intolerance) could be attributed to undiagnosed 

chronotropic incompetence (Brubaker and Kitzman, 2011). It is commonly reported in 

individuals with CVD impairing their quality of life, while it comprises an independent 

predictor of major adverse cardiovascular events and overall mortality (Brubaker and 

Kitzman, 2011), while results from a recent study poses that is more frequent in obese 

adolescents and relates to systemic inflammation and exercise intolerance (Franssen et al., 

2021). Moreover, reduction in HR leads to decreased cardiac output and thus, impaired blood 

volume ejected by each ventricle. People living with RA suffer from an increased risk of 

cardiac morbidity and mortality, which is not explained, however, from traditional 

cardiovascular risk factors or clinical ischaemic heart disease (Maradit‐Kremers et al., 2005, 

Nicola et al., 2006, Nicola and Maradit‐Kremers et al., 2005). There is also a notion that in 

people with RA compared with people without the disease, there may be inherent differences 

in ventricular function, particularly diastolic (Liang et al., 2010). Additionally, individuals 

who suffer from RA and are diagnosed with HF have fewer typical signs and symptoms than 

those who suffer only from HF (Davis et al., 2008). As such, the reduced ventricular function 

indicated by the reduced cardiac output in RA participants compared to non-RA controls in 

this study, may unmask subclinical cardiac complications that are RA-related and hinder 

maximal effort attainment (exercise intolerance). Future studies with appropriate design are 

necessary to confirm both suggestions (i.e., PA barriers and cardiac complications) 

concerning people living with RA and the combined CPET with a verification phase method. 

With regards to the evidence and diagnostic accuracy of the CPET for a ‘true’ VO2max 

attainment no criterion or combination of criteria has good diagnostic accuracy. In specific, 

no criterion managed to meet at minimum a moderate cut-off point [i.e., 73%, (Trevethan, 

2017)] at both sensitivity and specificity results, as well as no likelihood ratio (i.e. LHR+ >10 

or LHR- <0.1) and diagnostic odds ratio (DOR>20) was met. To produce diagnostically 
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accurate CPET results, the current results strongly suggest that the verification phase protocol 

is necessary and provide meaningful information either in RA individuals or in physically 

inactive non-RA controls. 

Another important indicator that advocates adding the verification phase in the CPET 

in RA individuals was the double prevalence when compared to the equivalent value from the 

non-RA controls (21,4% vs. 11.6%) in clinically significant VO2 differences, as depicted 

when VO2peak exceeded CPET VO2peak by ≥ 6% (Swank et al., 2012). It has been suggested 

that this constitutes an important finding as it could affect patient’s evaluation, prognosis, and 

therapeutic approach (drug administration) including surgery (Ross, 2003). Thus, a combined 

CPET with a verification phase may be required in the clinical assessment of VO2max in 

people with RA. 

Despite some authors recommending the need to perform a verification protocol to 

confirm a ‘true’ maximal CPET both in healthy and clinical populations (Schaun, 2017, 

Poole et al., 2017, Beltz et al., 2016), there is still disagreement about the need and safety of a 

verification phase protocol in the clinical setting. From the diagnostic perspective, according 

to Murias et al. (2018) a verification phase in a large and heterogeneous group of healthy 

younger and older men naïve to laboratory testing procedures, does not highlight a change of 

VO2max between the two tests (Murias et al., 2018). From the safety perspective, van Brenda 

et.al., (2017) characterised the supramaximal effort that is required during the verification 

phase protocol as ''unrealistic'' and ''unethical'' in certain patient populations (van Breda et al., 

2017). However, our study results demonstrate that the verification phase protocol was 

performed without adverse events or complications in all cases. Our studied population, 

people living with RA, are a group for whom disease-related outcomes, such as pain, fatigue, 

and functional disability may compromise their engagement in exercise at high intensities. As 

such, methodological issues pertaining to the unwillingness of these individuals to perform 
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the two tests as well as safety issues were anticipated. However, to minimise these matters, 

we described in detail the importance and the progression of the verification phase procedure 

to all participants and ensured that all participants understood and had time to pose questions 

prior to the onset of the test. In addition to this, the present methodology employed a 

frequently used protocol (modified Bruce), which, although comprises relatively large step 

increments, provides enough time at the beginning of the test for participants to be 

functionally prepared, familiar, and feel comfortable performing the test, which may help the 

progression of the test towards the later higher intensity stages. Overall, a) the primary 

echocardiographic evaluation of the recruited participants before pursuing the combined 

CPET with a verification phase methodology, b) the smooth progression of both tests along 

with c) the sufficient recovery time between them, captured with d) detailed information 

provided to the participants about the study procedures, may account for the symptom-free 

tests and individuals' acceptability and willingness to progress to the verification phase 

protocol without any issues. 

Given that the participants with RA included in this study had on average low disease 

activity based on their DAS28 scores, further investigation of the validity, safety, and need to 

implement a combined CPET with a verification phase protocol in other cohorts of 

individuals with varying functional abilities and disease activity scores is warranted. It may 

not be realistic for individuals with high disease activity to perform CPET in general. 

Moreover, the characteristics of the studies that employed the verification phase, are slightly 

different from the present study, regarding the selection of the CPET protocol, the duration of 

the recovery phase, the verification protocol, and the timepoint for the verification phase (i.e., 

same day with the CPET performed or not). However, all the criteria used were consistent 

with a lot of the studies and could not generally be the same, as there is more than one 

suggested approach for each of the criteria. In addition, there is a variety in the selected 
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criteria (i.e., cut-off points) that makes challenging the confirmation of a ‘true’ maximal 

effort based on the information obtained from both CPET and verification phase protocols. 

For this study we used the classical criterion (VO2 plateau) along with the original secondary 

criteria (e.g., RER). However, a recent systematic review and meta-analysis in apparently 

healthy individuals stated that although one specific verification procedure currently cannot 

be recommended, differences in the verification phase procedure (e.g., verification phase 

mode, intensity, and duration, recovery period duration, verification criterion, same or 

alternate test days, and CPET protocol) do not appear to influence its effectiveness though 

(Costa et al., 2021). 

Additionally, the phenomenon of a high successful rate of VO2 plateau that was 

observed in both populations during CPET, could be attributed to limited specificity of the 

selected criterion (Edvardsen et al. 2014). The criterion (i.e. ≤2.1 ml/kg/min change between 

the last two stages of CPET) we adopted was developed from a person with an average body 

mass of 72 kg from 115 male participants and in response to a specific discontinuous step- 

incremented protocol performed over 3–5 laboratory visits (Costa et al., 2021). However, this 

criterion (Taylor, Buskirk and Henschel, 1955) is the most widely used criterion for detecting 

a VO2 plateau in the literature (Astorino, 2009). Furthermore, given the existence of a male to 

female ratio of 3:1 in people with RA (Myasoedova et al., 2010), the male population of RA 

individuals in this study was lower than the ratio reported for RA in the literature. This is a 

significant limitation that could also explain the discrepancy observed in the gender sub- 

analysis (both at the CPET and the verification phase). In addition, a limitation is also the fact 

that comorbidities information was obtained only via verbal communication with the 

participants during the first meeting to evaluate ACSM criteria concerning potential 

contraindications of performing the CPET. Thus, more studies are needed in this field with 
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more representative samples of participants to develop a bigger pool of data, which should 

also be replicated through a standardised set of RA-specific criteria. 

5.2.6 Conclusions 
 

Despite no differences in average maximal values and narrow limits of agreement width 

between the CPET and verification phase in both people living with RA and non-RA 

controls, when data were analysed at the individual level, we found a prevalence of a 

confirmed ‘true’ maximal CPET of only 29% in people living with RA and 44% in non-RA 

controls. VO2 plateau and secondary criteria had low ‘diagnostic’ accuracy to detect a ‘true’ 

maximal CPET regardless of participant group. A combined CPET with a verification phase 

protocol, however, was safe for both non-RA controls and people living with RA. Our results 

suggest that a verification phase protocol may be required to accurately measure VO2max in 

the routine clinical and research practice of people living with RA and healthy adults who are 

physically inactive. 

 
 

5.3 CARDIOPULMONARY DIFFERENCES IN RHEUMATOID ARTHRITIS AND 

HEALTHY INDIVIDUALS: ASSOCIATIONS WITH CARDIORESPIRATORY 

FITNESS 

5.3.1 Abstract 
 

Background: Increased CRF levels associate with better health in people with non- 

communicable diseases, including RA and non-RA controls. 

Aims: To compare the potential differences in cardiac structure and function, as well as 

pulmonary function between RA individuals and non-RA controls, and b) investigate their 

association with CRF. 
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Method: Eighty-six physically inactive middle-aged individuals with no underlying 

cardiovascular comorbidities, and specifically 42 RA individuals (53.5±11.5 years; 36 

females and 6 males) with low mean DAS28 (2.8±0.8) and 44 non-RA controls (52±6.4 

years; 30 females and 14 males), with similar BMI (27.3±5.8 kg·m-2 and 27.4±5.2 kg·m-2, 

respectively) were recruited. All participants underwent echocardiography, PFTs and CPET. 

Results: From a cardiac perspective, significant differences were detected only for the mean 

RWT: in specific, RWT was significantly reduced in RA individuals vs. non-RA controls 

(0.35±0.03 vs 0.37±0.03mm, p=0.038). No other significant differences were detected in any 

other cardiac outcome. In terms of pulmonary function, RA individuals presented with 

significantly increased mean values (vs. non-RA controls) on %predicted TLC (103.98±15% 

vs 94.7±11.6%, p=0.002), RV (114.19±34.6% vs 89±24.4%, p<0.001) and RV%/TLC 

(118.31±16.8% vs 108.7±12.3%, p=0.004). CRF correlated with the diastolic function 

parameters of peak late (A) mitral Doppler wave velocity (r= -0.35, p=0.029), E/A ratio 

(r=0.38, p=0.018) and early tissue Doppler velocity wave (e’) (r=0.39, p=0.015) in RA 

individuals, while in non-RA controls CRF was correlated significantly with early diastolic 

flow (r= -0.45, p=0.002) on peak late (A) mitral Doppler wave velocity and E/A ratio 

(r=0.32, p=0.032). In addition, CRF was correlated with both pulmonary function values of 

FEV1 (r=0.42, p=0.006) and FVC (r=0.39, p=0.010) in RA individuals, whereas in non-RA 

controls CRF correlated significantly only with FVC (r=0.37, p=0.012) and MIP (r=0.32, 

p=0.033). 

Discussion: In the absence of overt cardiac and/or pulmonary disease, RA participants of this 

study presented with an eccentric cardiac remodeling and a lung hyperinflation pattern when 

compared to non-RA controls. The CRF was associated with better results on cardiac diastole 

and pulmonary function in both groups, while the lung abnormalities observed in RA could, 



111 
 

in part, explain the high incidence of myocardial dysfunction and exercise intolerance seen in 

this population. 

5.3.2 Introduction 
 

RA is the most common chronic systemic inflammatory disease with a prevalence of 

approximately 1% worldwide (Silman and Pearson, 2002). The disease is accompanied by 

pain and functional disability, as a consequence of synovial tissue damage and remodelling 

that significantly impact on the RA individuals’ quality of life and the ability to perform daily 

tasks (Kaplan, 2010). Besides the musculoskeletal burden of the disease, there are a number 

of extra-articular manifestations affecting internal organs, and predominantly cardiovascular 

(CVD) and pulmonary disease, which both appear to be major contributors to the observed 

increased morbidity and mortality in RA (Shaw et al., 2015, Kitas and Gabriel, 2011). 

CVD is highly prevalent in RA while CVD mortality has started to widen between 

RA individuals and the health population (Gabriel, 2010). Specifically, RA individuals suffer 

from an overall standard mortality ratio of approximately two (Lazzerini et al., 2014), 

accompanied by an approximately 50% increased risk of incident cardiovascular events 

(Avina-Zubieta et al., 2012) and cardiovascular deaths (Aviña-Zubieta et al., 2008). As such, 

CVD risk in RA has now been recognised by the EULAR that has recently updated their 

guidelines to incorporate strategies for alleviating the CVD burden seen in RA (Agca et al., 

2017). The increased prevalence of classical CVD risk factors seen in RA individuals, such as 

hypertension (Panoulas et al., 2007), insulin resistance (Dessein and Joffe, 2006), 

hyperlipidaemia (Toms et al., 2011), obesity (Stavropoulos et al., 2011, Stavropoulos et al., 

2009) and vascular dysfunction (Sandoo et al., 2011) only partly explain this increased CVD 

prevalence, suggesting that other factors, like the persistent inflammatory load, may act as 

independent cardiac risk factors in RA (Libby, 2012, Myasoedova et al., 2016, Arts et al., 

2017, Targońska et al., 2018). 
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Specifically, heart diseases that commonly occur in RA can be classified into two 

major categories: ischemic and non-ischemic (Błyszczuk and Szekanecz, 2020), with the non-

ischemic presented mainly by HF. These pathologies constitute the primary reason for the 

excess mortality in people living with RA (Nicola et al., 2006). In addition, cardiac structure 

abnormalities in the LV geometry, mainly due to a concentric remodelling (Midtbø et al., 

2015), is strongly associated with RA, in parallel though with indications for eccentric 

remodelling as well (Pascale et al., 2018). Moreover, the contractile function is often 

compromised too despite the fact that RA individuals report effective cardiac pumping, while 

they can also present with reduced systolic and diastolic left ventricle function (Cioffi et al., 

2015, Aslam et al., 2013, Fine et al., 2014). At present, however, the direct effects of 

inflammatory cytokines along with the consequences of RA therapies on the myocardium of 

RA individuals, are incompletely understood; as such, uncontrolled (or even controlled) 

disease-related manifestations could contribute to a potential deterioration of cardiac and 

pulmonary health in this patient population (Giles et al., 2005). 

Lung complications, is another major extra-articular manifestation of RA which is 

evident in more than the 50% of RA individuals (Gregersen and Gravallese, 2018), that also 

contributes to increased morbidity and mortality (Shaw et al., 2015) and substantial 

healthcare costs (Raimundo et al., 2018). Although it exists relative commonly, it is often 

clinically underrecognized and could be presented with a restrictive and/or obstructive pattern 

(Suzuki et al., 1994, Tracy et al., 2014, Bongartz et al., 2010). It mainly presents with 

pulmonary parenchymal disease (ILD), inflammation of the pleura (pleural thickening and 

effusions), airways and pulmonary vasculature (vasculitis and pulmonary hypertension) 

(Shaw et al., 2015). The aetiology for the development of such pathologies, could be 

attributed to: a) chronic immune activation, b) increased susceptibility to infection (often 
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related to immunomodulatory medications), or c) direct toxicity from disease modifying or 

biological therapy (Shaw et al., 2015). 

Moreover, in people living with RA, CRF levels are lower compared to the general 

population (Metsios et al., 2015), something which is in accordance with the results of 

chapter 5.2 of the current research studies. In addition, although there are studies 

investigating the association between CRF and CVD risk factors in RA (Metsios et al., 2015), 

there is no study evaluating the association between CRF with parameters of cardiac 

(structure and function) and/or pulmonary function. As such, the aim of this study was to a) 

evaluate the potential differences in cardiac and pulmonary physiology between RA 

individuals and controls, and b) investigate their associations with the CRF in both groups. 

 
 

5.3.3 Methods 
 

Participants 
 

Eighty-six middle-aged individuals, 42 RA individuals (53.5±11.5 years; 36 females and 6 

males) with low mean DAS28(2.8±0.8) and 44 non-RA controls (52±6.4 years; 30 females 

and 14 males), with similar BMI (27.3±5.8 kg·m-2 and 27.4±5.2 kg·m-2, respectively) were 

recruited for the purpose of the study. 

Inclusion criteria: RA individuals had to fulfil: a) the revised American College of 
 

Rheumatology classification criteria (Arnett et al., 1988) and b) being on stable anti- 

rheumatic medications for at least three months prior to participating in the present study. 

Moreover, all participants recruited for this study were physically inactive (i.e., not meeting 

the recommended PA guidelines and exercising for <30 minutes, 3 times/week or more). 

Exclusion criteria: Excluded individuals were clinically unstable RA individuals or any 
 

participant with the existence of comorbidities incompatible with exercise screening, as per 
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the ACSM guidelines (Riebe et al., 2017). These include history of recent cardiac events, MI, 

cerebral arterial disease (stroke), peripheral arterial disease, uncontrolled arrhythmia, and 

uncontrolled HF (Balady et al. 2002), severe neurological problems (e.g. Parkinsonism, 

dementia), severe pulmonary disease (e.g. COPD, pulmonary fibrosis), uncontrolled 

hypertension (170/80 mmHg) and mental or physical impairment causing inability to perform 

any test, pregnancy or any other reason that could risk the individual’s safety. 

Recruitment 
 

Participants were informed and self-referred for this study either via a press release 

advertisement or information requesting participation in this research project in social media 

and through the word of mouth of those that had participated. Moreover, for the RA patient 

group specifically, some RA individuals were also recruited via the EL.E.AN.A, a EULAR 

patient group member. All individuals arrived at the Henry Dunant Hospital Centre, Greece 

in morning hours and after they were provided with information about the assessments of the 

project (in addition to the information that was given to them during the initial contact via 

phone call or email exchange), they provided written, witnessed, informed consent of the 

study protocol. No fasting was necessary as participants were not evaluated for specific 

metabolic biomarkers. The study was approved by both the University of Wolverhampton 

Faculty of Education Health and Wellbeing, UK and from the Henry Dunant’s Ethic 

Committee. 

Assessments 
 

The assessment process always started from a visit to the cardiologist who performed the 

resting echocardiography (cardiac structure and function) in order to follow the exclusion 

criteria and also to give approval for the CPET. Thereafter, participants were assessed for 

their anthropometric characteristics and resting BP while RA participants were additionally 
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assessed for their CRP (i.e., inflammatory load). PFTs evaluation was then performed by a 

pulmonologist, followed by the CPET assessment conducted by both the author and the head 

of the cardiopulmonary lab, under the supervision of a cardiologist. During CPET all 

participants were fitted with an ECG, to monitor their cardiac electrical activity at rest, during 

and post exercise. Finally, and when the CRP results were ready, clinical evaluation for the 

swollen and tender joints was performed to obtain the DAS28 of the RA individuals. All the 

assessments were performed within the same day, while both the cardiologist and the 

pulmonologist were always the same person and blinded to the procedures of the present 

study. For more details of the methodology of these assessments, please see the Chapter 4 

(Sections 4.2.1- 4.2.6). The date range on which this study was conducted was between 

September 2017 and June 2018. 

Statistical analysis 
 

Data are expressed as means and standard deviations. Comparisons of mean differences for 

all assessments between the RA individuals and non-RA controls were assessed by 

independent samples t-tests. Associations between the CRF and the cardio-pulmonary 

parameters were assessed with Pearson’s correlations coefficients. The statistical analyses 

were done using IBM SPSS statistics V.24.0 (IBM, Armonk, New York, USA). and 

statistical significance was set at p<0.05. 

5.3.4 Results 
 

The demographic and anthropometric characteristics of the 86 participants (42 RA 

individuals and 44 controls), appears in Table 5.3.1. Seven participants from the non-RA 

controls group were excluded due to undiagnosed cardiac complications (three with cardiac 

hypertrophy/diastolic dysfunction/atrium dilation, two with systolic and/or diastolic 

dysfunction, and two with HF) during the screening process and thus, their results were not 

taken into account in the present study. No significant differences were detected between the 
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two groups in demographic characteristics (all at p>0.05). Based on the DAS28 of the RA 

participants, 20 individuals were in remission (DAS28=2.1±0.4), eight had low disease 

activity (DAS28=2.8±0.1) and 14 had moderate disease activity (DAS28=3.7±0.3). 

 
 
 

Table 5.3.1 Demographic characteristics 
 
 

Baseline Characteristics Patient 
Group 
(n=42) 

Non-RA 
Control 
Group 
(n=44) 

p-value 

Age (years) 53.5±11.6 51.9±6.4 p=0.454 

Height (meters) 1.63±0.08 1.66±0.09 p=0.122 

Weight (kg) 73.0±16.9 75.9±15.3 p=0.396 

BMI 27.2±5.8 27.4±5.2 p=0.912 

Gender-F:M 36:6 29:15  

Active Smokers 10 (23.8%) 15 (34%) p=0.289 

Values are mean±SD. BMI, body mass index; F, female; M, male 
 
 
 

Differences in cardiac and pulmonary physiology between groups. 
 

Cardiac structure differences: People living with RA presented with an eccentric dilatation, as 

significant differences were detected in mean RWT between RA individuals and controls 

(0.35±0.03mm vs. 0.37±0.03mm, p=0.038). No other significant cardiac structural 

differences were observed between the two groups. 

Cardiac function differences: Analyses for myocardial function, including both systolic and 

diastolic function reported no mean differences between the two groups (all comparisons at 

p>0.05). Four RA individuals overall (three with mild and one with moderate) and seven non-

RA controls (four with mild and three with moderate), were identified with diastolic 
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dysfunction, with symptom-free findings. All mean±SD for cardiac parameters and 

comparisons between the groups appear in Table 5.3.2. 

Table 5.3.2 Cardiac Ultrasound Scan Result Analysis 
 
 
 

Geometry Patient Group 
(n=42) 

Control Group 
(n=44) 

p-value 

LV mass/BSA, g/m2 
LVEDD 
LVESD 

PWT, mm 
RWT, mm 
IVST, mm 

RVEDD, mm 
LAD, mm 

A0, mm 
Systolic Function 

EF, (%) 
GLPS-Avg, (%) 
GLPS-A4C, (%) 
GLPS-A2C, (%) 
GLPS-LAX, (%) 

Diastolic Function 
Mitral E, m/s 
Mitral A, m/s 

E/A ratio 
Lateral e’, cm/s 

E/e’ 
DT, ms 

IVRT, ms 

77.5±13.6 75.2±14.3 p=0.463 
47.1±3.2 46.8±2.8 p=0.695 
28.2±2.5 28.1±3.3 p=0.924 
8.3±0.8 8.7±1 p=0.07 

0.35±0.03 0.37±0.03 p=0.038 
9±1.2 9.1±1.1 p=0.882 

30.2±3.1 30.7±2.8 p=0.468 
37.4±3 37.3±2.8 p=0.832 

27.6±4.4 27.4±4.4 p=0.784 
 

60.1±3.7 60.9±3.6 p=0.328 
-21.1±2.1 -21.4±2.3 p=0.858 
-20.8±2.4 -21.3±2.7 p=0.401 
-21.7±2.7 -22.3±2.7 p=0.360 
-20.8±2.2 -20.7±2.8 p=0.853 

 
0.77±0.12 0.78±0.17 p=0.741 
0.74±0.20 0.68±0.15 p=0.173 
1.13±0.36 1.19±0.34 p=0.440 
10.8±2.9 11.2±2.3 p=0.524 
7.6±2.3 7.1±1.7 p=0.304 

201.09±29.8 192.9±32.4 p=0.256 
89.6±13.4 92.5±16 p=0.392 

 
LV mass/BSA, Left ventricular mass indexed to body surface area; LVEDD, left Ventricular end 

diastolic diameter; LVESD, left ventricular end systolic diameter; EF, ejection fraction; PWD, left 

ventricular posterior wall end diastole; RWT, relative wall thickness; IVST, interventricular septal 

end-diastolic wall thickness; RVEDD, right ventricular end diastolic diameter; LAD, left atrium 

diameter; A0, aortic room diameter; EF, left ventricular ejection fraction; IVRT, isovolumic relaxation 

time; E/A, mitral inflow E/A ratio; DT, mitral deceleration time; E-wave, mitral inflow E-wave 

velocity; A-wave, mitral inflow A-wave velocity; E/ε’, filling pressure E/ε’, GLPS-A4C, GLPS of 

apical four chamber view; GLPS-A2C, GLPS of apical two chamber view; GLPS-LAX, GLPS of 

apical long axis view; and GLPS-Avg, Average GLPS. 
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Pulmonary function differences: PFTs results revealed that RA individuals presented with 

hyperinflation indices, confirmed by the significantly higher (vs non-RA controls) results on 

the %predicted values of TLC (103.98±15 vs. 94.7±11.6%, p=0.002), RV (114.19±34.6 vs. 

89±24.4%, p<0.001) and RV%TLC (118.31±16.8 vs 108.7±12.3%, p=0.004), demonstrating 

an obstructive phenotype in the RA population as opposed to non-RA controls. No other 

significant differences were detected in any other pulmonary function indices. Results for all 

mean±SD for pulmonary parameters appear in Table 5.3.3. 

 
 
 

Table 5.3.3 Pulmonary Function Tests 
Analysis 

 Patient Group 
(n=42) 

Control Group 
(n=44) 

p-value 

FEV1(%/pred.) 100.7±12.5 100.5±12.3 p=0.930 
FVC (%/pred.) 99.4±14.2 98.6±12.2 p=0.789 

FEV1/FVC (%/pred.) 1±0.8 1±0.6 p=0.407 
RV (%/pred.) 114.19±34.6 89±24.4 p<0.001 

TLC (%/pred.) 103.98±15 94.7±11.6 p=0.002 
RV%TLC 118.31±16.8 108.7±12.3 p=0.004 

FRC (%/pred.) 107.6±20.2 103±23.9 p=0.347 
DLCO (%/pred.) 86.2±13.3 87.4±14.8 p=0.706 

MVV (%/pred.) 71.2±21.2 71.6±21.7 p=0.933 
MIP (%/pred.) 69.2±24.6 75.1±23.8 p=0.265 
MEP(%/pred.) 110±34.5 102.4±34.7 p=0.389 

 
FEV1, forced expiratory volume in one second; FVC, forced vital capacity; RV, residual volume; 

FRC, functional residual capacity; TLC, total lung capacity; MVV, maximal voluntary ventilation; 

DLCO, diffusion capacity; MIP, maximum inspiratory pressure; and MEP, maximal expiratory 

pressure. 

 
Associations between cardiac and pulmonary parameters with CRF 

 

Cardiac indices: In RA individuals, there was a weak correlation between CRF and the 

diastolic function parameters of peak late (A) mitral Doppler wave velocity (r= -0.35, 

p=0.029), E/A ratio (r=0.38, p=0.018) and early tissue Doppler velocity wave (e’) (r=0.39, 

p=0.015). In non-RA controls on the other hand, CRF correlated significantly with early 
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diastolic flow (r= -0.45, p=0.002) on peak late (A) mitral Doppler wave velocity and E/A 

ratio (r=0.32, p=0.032). In addition, A0 (r=0.30, p=0.047), IVRT (r= -0.30, p=0.050), and 

systolic parameters such as GLPS-avg (r= -0.31, p=0.046) and GLPS-A2C (r=-0.34, 

p=0.026), were also correlated with CRF in the healthy population. In the total sample of the 

present participants’, cardiac diastolic function indices of the peak late (A) mitral Doppler 

wave velocity (r= -0.40, p < 0.001), the E/A ratio (r=0.35, p=0.001) and the early tissue 

Doppler velocity wave (e’) (r=0.30, p=0.006), along with the ratio E/E’ (r=-0.25, p=0.022) 

and the IVRT (r= -0.26, p=0.019) values revealed significant correlations with CRF. The 

structural parameter of LVESD (r=0.23, p=0.035) also correlated with CRF in the total 

sample of participants, while age was not correlated (p>0.05) with RWT in RA individuals 

(r=0.19), non-RA controls (r=0.13) or the total sample (r=0.14). Results for all the cardiac 

parameters correlation results with CRF appear in Table 5.3.4. 
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Table 5.3.4 Level of significance in the correlations obtained between cardiac parameters and CRF 
 
 

 RAs Controls Total 

VO2 value 25.7±6.1 27.4±5.6 26.6±5.9 
Geometry  

LV mass/BSA, g/m2 p=0.912 p=0.088 p=0.281 
LVEDD p=0.860 p=0.214 p=0.073 
LVESD p=0.072 p=0.119 p=0.035 

PWT, mm p=0.101 p=0.371 p=0.842 
RWT, mm p=0.147 p=0.819 p=0.508 
IVST, mm p=0.120 p=0.730 p=0.396 

RVEDD, mm p=0.141 p=0.079 p=0.230 
LAD, mm p=0.107 p=0.673 p=0.137 

A0, mm p=0.894 p=0.047 p=0.142 
Systolic Function  

LVEF, (%) p=0.902 p=0.996 p=0.845 
GLPS-Avg, (%) p=0.925 p=0.046 p=0.118 
GLPS-A4C, (%) p=0.832 p=0.325 p=0.502 
GLPS-A2C, (%) p=0.829 p=0.026 p=0.076 
GLPS-LAX, (%) p=0.825 p=0.054 p=0.112 

Diastolic Function  
Mitral E, m/s p=0.172 p=0.992 p=0.414 
Mitral A, m/s p=0.029 p=0.002 p=0.000 

E/A ratio p=0.018 p=0.032 p=0.001 
Lateral e’, cm/s p=0.015 p=0.219 p=0.006 

E/e’ p=0.110 p=0.147 p=0.022 
DT, ms p=0.156 p=0.498 p=0.567 

IVRT,ms p=0.138 p=0.050 p=0.019 
 

VO2max, maximal oxygen uptake; LV mass/BSA, Left ventricular mass indexed to body surface area; 

LVEDD, left Ventricular end diastolic diameter; LVESD, left ventricular end systolic diameter; EF, 

ejection fraction; PWD, left ventricular posterior wall end diastole; RWT, relative wall thickness; 

IVST, interventricular septal end-diastolic wall thickness; RVEDD, right ventricular end diastolic 

diameter; LAD, left atrium diameter; A0, aortic room diameter; EF, left ventricular ejection fraction; 

IVRT, isovolumic relaxation time; E/A, mitral inflow E/A ratio; DT, mitral deceleration time; E- 

wave, mitral inflow E-wave velocity; A-wave, mitral inflow A-wave velocity; E/ε’, filling pressure 

E/ε’, GLPS-A4C, GLPS of apical four chamber view; GLPS-A2C, GLPS of apical two chamber 

view; GLPS-LAX, GLPS of apical long axis view; and GLPS-Avg, Average GLPS. 
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Pulmonary indices: Both pulmonary function values of FEV1 (r=0.42, p=0.006) and FVC 

(r=0.39, p=0.010), were correlated with the CRF in RA individuals, while in non-RA controls 

only FVC (r=0.37, p=0.012) and MIP (r=0.32, p=0.033) correlated significantly with CRF. In 

the total sample of participants, FEV1 (r=0.34, p=0.001), FVC (r=0.37, p<0.001) and FRC 

(r=0.24, p=0.023) revealed significant correlations with CRF. Results for all the pulmonary 

parameters correlation results with CRF appear in Table 5.3.5. 

 
 

Table 5.3.5 Level of significance in the correlations obtained between pulmonary parameters and 

CRF 
 

 RAs Controls Total 

VO2max 25.7±6.1 27.4±5.6 26.6±5.9 
  

FEV1 p=0.006 p=0.062 p=0.001 
FVC p=0.010 p=0.012 p=0.000 

FEV1/FVC p=0.606 p=0.618 p=0.551 
RV p=0.991 p=0.934 p=0.599 

TLC p=0.311 p=0.200 p=0.312 
RV%TLC p=0.055 p=0.559 p=0.175 

FRC p=0.078 p=0.080 p=0.023 
DLCO p=0.225 p=0.158 p=0.056 

MVV p=0.810 p=0.739 p=0.945 
MIP p=0.700 p=0.033 p=0.062 

MEP p=0.069 p=0.986 p=0.143 
 

VO2max, maximal oxygen uptake; FEV1 , forced expiratory volume in one second; FVC, forced vital 

capacity; RV, residual volume; FRC, functional residual capacity; TLC, total lung capacity; MVV, 

maximal voluntary ventilation; DLCO, diffusion capacity; MIP, maximum inspiratory pressure; and 

MEP, maximal expiratory pressure. 

 
5.3.5 Discussion 

 
To the best of our knowledge, this was the first study that investigated the differences in 

cardiopulmonary system, via an independent evaluation of the heart and lungs, between RA 

individuals and controls, as well as their association with CRF. Overall, the findings of this 

study revealed that: 1) in the absence of significant systolic and/or diastolic cardiac function 
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differences between RAs and controls, the former group presented with cardiopulmonary 

findings in the subclinical phase - prior to any diagnosis, as evidenced by the observed 

lengthening discrepancies in RWT results 2) RA individuals presented with an obstructive 

phenotype due to hyperinflation and 3) CRF was associated with better results of cardiac 

diastolic and pulmonary function in both groups. 

Cardiac physiology in RA and non-RA controls 
 

In general, considering all individuals with LV hypertrophy as a homogenous group is not 

appropriate, due to the various remodelling patterns that do exist (Gaasch and Zile, 2011). 

The geometry of the LV can be assessed by the cardiac ultrasound measurement of RWT and 

the remodelling patterns are categorized as normal or adverse remodelling and are either 

eccentric or concentric (Biton et al., 2016). So far, different cut-off points for normal and 

abnormal RWT have been proposed (Gaasch and Zile, 2011), with an upper normal RWT 

limit of 0.42 mm (Lang et al., 2005). However, there has been no attempt to define a lower 

limit of normal RWT, and there has been little attempt to include large dilated/failing hearts 

(Gaasch and Zile, 2011). The present results suggest that, despite the significant differences 

between RAs and controls, both groups were within the normal limits for RWT. Moreover, 

the due to the lack of standardized classification criteria for LV remodelling patterns, there is 

not much attention paid particularly to the eccentric/dilated geometry, despite the fact that 

from a clinical perspective this may represent significant clinical importance. In line with 

this, a study from Biton et al. (2016) in individuals with established LV dysfunction, showed 

that each 0.01-unit decrease in RWT, was associated with an increased risk of 12% for 

ventricular tachyarrhythmia (VA) and a 10% increase from VA death (Biton et al., 2016). In 

RA, studies do support the presence of abnormal LV remodelling, particularly with increased 

RWT that illustrates a concentric remodelling (Cioffi et al., 2018, Myasoedova et al., 2013, 

Midtbø et al., 2015) and hypertrophy (Cioffi et al. 2016), in the absence of overt cardiac 
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disease. In contrary, RA individuals according to Pascale et al. (2018), reported eccentric 

dilatation, confirmed by a significantly decreased RWT compared to controls, indicating a 

prevalent left ventricle eccentric remodelling, which is in line with the results of the present 

study (Pascale et al., 2018). As such, given the high prevalence of LV diastolic dysfunction 

(Aslam et al., 2013) and incidence for VA recently seen in RA (Gawałko et al., 2020), the 

observed reduction of 0.02-units in RWT between RAs and controls, may suggest that the 

present sample of RA individuals may be prone to suffer from a 24% and 20% increased risk 

of VA and VA death respectively, compared to healthy individuals. 

Although geometry (i.e., RWT) was the only characteristic of the heart with 

significant statistical differences between RA individuals and non-RA controls, there were 

cardiac functional differences of diastolic function, which may be clinically important, but 

they were not found to be statistically different between the two groups. Even marginal 

differences in diastolic function may contribute to the increased overall prevalence of cardiac 

disease seen in the RA population, a phenomenon that cannot be explained currently by the 

significantly higher prevalence of classical CVD risk factors. Hence, other parameters that 

may not be statistically different between the RA population and non-RA controls, may 

clinically contribute to these adverse factors. For example, the LV filling pressure indicated 

by the E/E’ ratio is a well-established estimate of diastolic function as a non-invasive 

estimate of left atrial filling pressure (Hillis et al., 2004). According to a study by Sharp et al. 

(2009) who investigated primary cardiac events, it was suggested that there is a 17% 

increased risk of primary cardiac events for every fractional unit increase of E/E’ ratio in 

hypertensive individuals (Sharp et al., 2009). In specific, the results of their quartile 

quantification divided the E/E’ in four equal groups as <6.43, 6.44-7.52, 7.53-9.18 and >9.18. 

Given these cut-off points, RA individuals in our study presented with a mean E/E’ of 

7.6±2.3, as opposed to the equivalent value of 7.1±1.7 of non-RA controls, and thus, this 0.5 
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average difference in these outcomes may suggest that the present RA population suffer from 

a 17% increased risk of primary cardiac events as opposed to non-RA controls. Moreover, 

besides the IVRT, the resting echocardiographic parameters of diastolic function in RA 

individuals demonstrated poorer function, although within normal range, including increased 

LAD, higher A wave velocity and lower E/A ratio along with increased LVM indexed to 

BSA, observations that are in line with a systematic review and meta-analysis about diastolic 

dysfunction in RA (Aslam et al., 2013). The above results should be treated with caution, 

since the interpretation of the present findings may have some clinical importance, but they 

did not appear to be significantly different in RAs vs. controls. If these marginal differences 

contribute to the higher risk for cardiac complications seen in RA, would be a matter of 

following-up the present participants to make these observations. 

Pulmonary physiology between RA and non-RA controls 
 

In pulmonary function, the significantly increased hyperinflation mean values of TLC, RV 

and RV%TLC in RA vs. non-RA controls, may disclose underline conditions such as: a) 

COPD (Saey et al., 2014, Maestu and Stringer, 2006, O'Donnell and Laveneziana, 2006), a 

non-communicable disease which is currently the third leading cause of death according to 

the WHO and expected to become the leading cause of death (Quaderi and Hurst, 2018), b) 

other obstructive diseases, and c) emphysema or bronchial asthma (Pellegrino, 2005). These 

results are in line with past observations of high prevalent pulmonary disorders seen in RAs, 

such as ILD (Raimundo et al., 2018) as well as the coexistence between ILD and emphysema 

previously seen in RA individuals that never smoked (Jacob et al., 2018). Although lung 

hyperinflation has an obstructive pattern which is mainly expressed clinically through the 

FEV1 impairment, there are early changes in pulmonary physiology that reflect lung 

hyperinflation without any apparent reductions in FEV1 (Corbin et al., 1979). The present 

data may support this phenomenon, since despite the non-significant differences between 
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groups in FEV1 , RA individuals were presented with hyperinflation compared to non-RA 

controls and specifically: a) in TLC the 19% (n=8) of RAs as opposed to none from the 

controls, b) in RV values people living with RA reported 45.2% vs. 9% only from controls 

(n=19 vs n=4), and c) in RV%TLC values people living with RA reported 45.2% vs. 18.1% 

from controls ( n=19 vs n=8). Interestingly, the non-significant reduction observed into the 

values of inspiratory muscles in RA individuals (MIP=69.2±24.6%) as opposed the non-RA 

controls (MIP=75.1±23.8%), may also have some clinical importance and may unmask a 

preclinical stage of flow limitation (obstruction). This is due to a paradox which exists in 

flow limitation and although it is primarily considered as an expiratory phenomenon, its 

consequences may affect the inspiratory muscles, given that expiratory muscles cannot 

appreciably increase flow to empty the lungs (Maestu and Stringer, 2006). Of note, in COPD, 

hyperinflation has become an important indicator in several clinical trials that evaluate the 

efficacy of either pharmacological or nonpharmacological therapeutic methods (Saey et al., 

2014). 

Cardio-pulmonary function and cardiorespiratory fitness in RA 
 

Although self-reported PA has previously been associated with increased LV end diastolic 

volume and LV mass (Turkbey et al., 2010, Aaron et al., 2011), there are only few studies 

that have evaluated the association between CRF with echocardiographic measures of LV 

structure and function (Gidding et al., 2010, Brinker et al., 2014), along with PFTs in middle 

aged adults (Myrdal et al., 2018). To our knowledge, this is the first study to objectively 

examine CRF with both echocardiography and parameters from complete PFTs, in people 

living with RA as well as non-RA controls. Specifically, the negative correlation observed 

between CRF and peak late (A) mitral Doppler wave velocity in this study, is in line with 

already existing data from the general population (Arbab-Zadeh et al., 2004). Even more 

importantly, CRF improvements may enhance the LV compliance in RA, which is presumed 
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to play a significant role in HF (Lakatta, 2002) - a highly prevalent RA-related comorbidity - 

(Błyszczuk and Szekanecz, 2020), following to the improvement in LA contractile function. 

This is very important, as LA structure and function in specific, has recently emerged as a 

significant parameter not only in the evaluation of LV diastolic dysfunction and HF (with 

preserved ejection fraction), but also in severity grading and monitoring the effects of 

treatment (Thomas et al., 2019). To further understand the importance of CRF in the 

cardiovascular function in RA via the significant improvement of LV function, it is thought 

that impaired diastolic filling, thus, LV relaxation or compliance impairment, lead to elevated 

LV filling pressures and resultant elevated back pressures through the pulmonary circulation, 

right heart, and beyond (Giles et al., 2005). Moreover, the correlation of CRF with E/A ratio 

(well established indicator of diastolic function), indicates that improvement in CRF may not 

only associate with compliance enhancement, but also may positively associate with other 

factors like HR, preload and afterload (Pluim et al., 2000). In theory, CRF enhancement may 

play a vital role towards reversing cardiac diastolic dysfunction management observed in RA, 

given that it may develop (via exercise-induced adaptations) a more compliant chamber in 

diastole that allows LV to fill from low LA pressure and also a more effective chamber 

(rapidly rising pressure) in systole during the ejection of the stroke volume. However, in RA 

these evidence-based hypotheses should be investigated in appropriately designed trials. 

In relation to pulmonary function, there was a positive association presented between 

CRF with both FEV1 and FVC in RA, while there was a lack of the equivalent association 

between CRF and the FEV1 in the non-RA controls group. Relevant studies in this field either 

have not evaluated objectively the CRF through CPET or evaluate the pulmonary function 

via standardised spirometry only (and not PFTs as investigated herein). Our outcomes 

confirm the results of a systematic review and meta-analysis in lung cancer, which 

demonstrated that preoperative exercise-based training improves pulmonary function (i.e. 
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FVC, FEV1, DLCO, MIP,MEP) before surgery and reduces in-hospital length of stay and 

postoperative complications after lung resection surgery (Garcia et al., 2016). The results 

from another study which was similar to the present study and was conducted by Francisco et 

al., (2014), demonstrated that CRF was not correlated with resting pulmonary function 

parameters in non-smoking diabetic individuals (Francisco et al., 2014). In this study, 

however, the researchers have utilized a standardised spirometry (and not the PFTs for a 

complete evaluation of the pulmonary function as conducted in the present study) while also 

CRF was performed on a cycle ergometer, which underestimates up to 20% the VO2max when 

compared to treadmill protocols (Beltz et al., 2016); these matters may have affected the 

associations between CRF and pulmonary function as well as the disparity between our 

findings with those of this study. 

Possible pathophysiological mechanisms of cardio-pulmonary interaction during exercise in 
 

RA 
 

Given the present results, exercise intolerance reasons that are frequently seen in RA may be 

partially explained by the following four suggested mechanics of cardiopulmonary interplay: 

1) lung hyperinflation and excessive expiratory muscle recruitment can impair venous return 

and reduce RV preload (Mahler et al., 1984, Miller et al., 2005) which may, in turn, decrease 

stroke volume by altering the force of contraction of the cardiac muscle and potentially lead 

to diastolic dysfunction, 2) hyperinflation during exercise increases elastic and resistive 

loads, resulting in the generation of large intrathoracic pressure swings that increase LV 

afterload, which in turn increases end-systolic volume and decreases stroke volume, thus 

causing LV dysfunction (Mammosser et al., 1991, Montes de Oca et al., 1996), 3) during 

exercise the increased pulmonary vascular resistance associated with breathing at lung 

volumes close to TLC, increases also the right ventricle afterload, which could also lead to 

LV dysfunction (Ranieri et al., 1996, Mammosser et al., 1998) and 4) blood flow to the 
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periphery may theoretically be compromised as a result from hyperinflation and the 

associated increase in work and oxygen cost of breathing, leading to compromised oxygen 

delivery and therefore causing increased leg fatigue (Saey et al., 2014). Although the direct 

link between hyperinflation and cardiac performance during exercise has not been explicitly 

investigated, studies have suggested a link between exercise performance and indices of lung 

hyperinflation (Saey et al., 2014), partly confirm the above findings. As such, low CRF levels 

seen in RA individuals (Metsios et al., 2015), may not be only the result of an inactive and/or 

sedentary lifestyle, but these results could be also interfered by the pathological interplay 

between the pulmonary (hyperinflation) and cardiac (eccentric remodelling) physiologies, as 

per the results from the current study, which in turn potentially affect individuals’ exercise 

tolerance at the CPET. 

Limitations 
 

Power calculations were not performed and thus the power of the present observations is not 

established; as such, some of the above associations may be due to chance and thus, the 

present findings should be validated in larger cohorts.   The cross-sectional design of this 

study also does not allow for a causal relationship of the present outcomes, for which follow- 

up designs are more suitable. In addition, a method-inherent limitation is the use of the 

cardiac ultrasound scan method, which is only a surrogate marker of cardiac physiology and 

requires optimal quality on the screen monitor to allow for appropriate analysis of the results 

and thus may lead to selective bias, a barrier that occur in almost any assessment. To directly 

measure cardiac physiological indices, however, this requires invasive methods which are not 

patient friendly and widely available, while cardiac ultrasound scan’s accuracy is time tested, 

validated, allows for simultaneous assessment of morphology and physiology and is cost- 

effective (Paterick et al., 2014). 
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5.3.6 Conclusions 
 

The results from this study suggest that people living with RA may present a parallel 

eccentric cardiac remodelling with a hyperinflation pattern in the subclinical phase, which 

could somewhat address the increased prevalence of diastolic dysfunction and exercise 

intolerance seen in this patient population. Increasing CRF levels could potentially improve 

the cardiac and pulmonary function in RA individuals, while pulmonary abnormalities may 

play a role in the observed myocardial malfunction seen in this population. 

 
 
 

5.4 EFFECTS AND ADHERENCE OF A HIGH INTENSITY INTERVAL TRAINING 

PROGRAMME ON CARDIAC AND PULMONARY OUTCOMES IN INDIVIDUALS 

WITH RHEUMATOID ARTHRITIS: A BEFORE-AFTER SINGLE-ARM STUDY 

 
 

5.4.1 Abstract 
 

Background: There is accumulated evidence now that exercise results in significant 

improvements in disease-related as well as systemic manifestations in RA. Relevant studies 

have observed that CRF improves significantly in response to exercise training, however the 

potential effects on cardiac and pulmonary adaptations as well as adherence to a HIIT 

exercise prescription in RA, remain unknown. 

Aims: To investigate a) the potential cardiac and/or pulmonary effects along with b) the 

adherence, from a supervised HIIT exercise program in RA. Changes in disease activity were 

also examined. 

Method: Fifteen middle-aged (58.7±7.5 years; n=12 females and n=3 males) people living 

with RA, a mean BMI of 27.6±4.9kg·m-2 and disease activity (DAS28) of 2.88±0.71 were 

recruited and underwent a three-month HIIT supervised aerobic exercise program. 
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Echocardiographic, complete pulmonary function (PFTs) and cardiopulmonary exercise 

tolerance (CPET) testing data were evaluated in all participants, at baseline and post the 

three-month exercise intervention. In all participants, adherence was determined by a) overall 

adherence to the whole exercise program, b) attendance adherence to the exercise program 

sessions, c) adherence to the prescribed intensity, and d) adherence to the duration. 

Results: All cardiac and pulmonary indices presented with no significant differences pre vs. 

post the HIIT aerobic exercise intervention (all at p>0.05), apart from the RV of pulmonary 

function which was significantly reduced after the three-month exercise program (pre: 

114.13±21.8 vs. post: 104.3±27.09%, p=0.046). Overall adherence presented with an average 

percentage of 65.3±18.8% (moderate adherence cut-off point, 50-74%). Attendance 

adherence to this HIIT exercise program was reported as a moderate attendance rate of 

59.1±14%. Intensity adherence presented with an average of 39.7±36.7% (inadequate 

adherence cut-off point, 25-49%). Duration presented with the adherence of 97.3±5.6% 

(adequate adherence cut-off point, 75-100%). RA participants CRF (pre: 23.9±6 vs. post: 

26.5±4.5%, p=0.010) and DAS28 (pre: 2.88±0.71 vs. post: 2.52±0.71, p=0.025) were both 

significantly improved post the exercise HIIT intervention. 
 

Discussion: This single-arm study showed that a HIIT aerobic exercise program led to 

statistically significant improvements detected in the pulmonary function (i.e., RV), CRF and 

DAS28 in RA individuals, although was not overall adequately adhered. Health allied 

professionals should, therefore, aim to develop exercise regimes that will help RA individuals 

adequately adhered to exercise programs, as this may optimize even further the beneficial 

effects of exercise programs. 

5.4.2 Introduction 
 

RA is a long-term high-grade inflammatory autoimmune disease characterized by pain and 

functional disability and has a prevalence of 1% worldwide (Silman and Pearson, 2002). The 
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common disease-related manifestations of the synovial tissue damage and remodelling, are 

severe enough to impact on the RA individuals' work sustainability (Uhlig et al., 2014), their 

ability to perform daily tasks, and thus, their quality of life (Kaplan, 2010). Despite the 

functional limitations presented in RA, there are also a number of extra-articular 

manifestations, predominately cardiovascular (CVD) and pulmonary disease, both 

contributing to the increased morbidity and mortality that is seen in RA (Shaw et al., 2015, 

Kitas and Gabriel, 2011). 

The increased CVD prevalence reported in RA individuals, is thought to be caused by 

cardiac impairment such as pericarditis, myocarditis, valvular disease, and most importantly, 

ischemic heart disease and HF in comparison to the normal population (Mavrogeni et al., 

2013). The increased incidence of CVD risk factors like hypertension (Panoulas et al., 2007), 

insulin resistance (Dessein and Joffe, 2006), hyperlipidaemia (Toms et al., 2011), obesity 

(Stavropoulos et al., 2011, Stavropoulos et al., 2009), vascular dysfunction (Sandoo et al., 

2011) and the persistent inflammatory load (Libby, 2012), could also contribute to this 

phenomenon. The other major extra-articular manifestation of RA, lung complications, is 

often clinically underrecognized although it is prevalent in more than the 50% of RA 

individuals (Gregersen and Gravallese, 2018), and could be presented with a restrictive 

and/or obstructive pattern (Suzuki et al., 1994, Bongartz et al., 2010). Specifically, 1) 

parenchymal disease (ILD), 2) inflammation of the pleura (pleural thickening and effusions), 

and 3) airways and pulmonary vasculature (vasculitis and pulmonary hypertension) (Shaw et 

al., 2015), constitute the main disease-related lung manifestations, where the aetiology for the 

development of such pathologies, could be attributed to: a) chronic immune activation, b) 

increased susceptibility to infection (often related to immunomodulatory medications), or c) 

direct toxicity from disease modifying or biological therapy (Shaw et al., 2015). 
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Current practices in rheumatology healthcare practice suggest treating individuals 

with the treat-to-target approach, which involves prompt changes in medication and 

aggressive treatment strategies that aim to achieve remission or lower disease activity, an 

approach often relying on the administration of biological agents, such as anti-tumor necrosis 

factor alpha (TNFa) medication (Solomon et al., 2014). However, this introduction of early 

and intensive strategies has: a) significantly increased, almost tripled, the cost of treatment 

for this population (Chaudhari, 2008, Solomon et al., 2014) and b) the key outcomes for 

treatment decisions are generated by professionals and there is evidence of discordant ratings 

between professionals and individuals (Sanderson et al., 2010). These matters have 

significant detrimental effects for both the individual as well as the healthcare systems (due to 

high costs of treatment), and thus, identification and implementation of strategies that may 

alleviate this burden, is necessary. 

There is overwhelming evidence now, in the form of systematic reviews and meta- 

analyses, to demonstrate that exercise and/or PA is safe and can simultaneously improve the 

disease symptoms of many different non-communicable diseases, as well as significantly 

improving CVD risk factors (Niemeijer et al., 2019). In specific, the most recent systematic 

reviews and meta-analyses suggest that PA can significantly improve – both at a statistically 

and clinically important level –BP (Cornelissen and Smart, 2013), lipid profiles (Mann et al., 

2014), insulin resistance (Way et al., 2016) and obesity levels (Verheggen et al., 2016). As 

such, it come as no surprise that PA is: a) the best-buy intervention proposed by the WHO 

(World Health Organization, 2010) for improving both healthcare costs and health outcomes 

and b) has comparative effectiveness with drugs for reducing mortality (Naci and Ioannidis, 

2013). Despite the robust evidence about the PA benefits and the provision for PA 

recommendations that do exist, there are barriers that prevent the individuals from being 

physically active either in the general population or in RA individuals. Specifically in RA, 
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pain and fatigue are frequently mentioned as barriers preventing these people from engaging 

in PA and/or exercise (Veldhuijzen van Zanten et al., 2015) or due to experiencing these 

symptoms while exercising, as per this project’s first study findings. Of importance also was 

the novel finding of our results, suggesting that some people living with RA find boring PA 

and/or exercise as a behaviour (please see chapter 5.1). In contrast, studies from the general 

population suggest that the most frequently cited barrier for lack of engagement in physical 

activity and/or exercise is the lack of time. As such, exercise specialists developed HIIT 

exercise programs, with the intention to develop greater health-enhancing benefits in less 

time, making HIIT a more time efficient and attractive approach (Weston et al., 2014). As a 

consequence, HIIT constitutes an exercise modality that has received increased scientific 

attention lately, as it results in beneficial effects in key clinical outcomes, at both healthy and 

patient populations (Midgley et al., 2007, Ross et al., 2016). In healthy individuals, HIIT 

resulted in greater CRF improvements compared to the improvements elicited by moderate- 

intensity continuous exercise training (MCT) (Midgley et al., 2007). In clinical settings, CVD 

is the most studied condition regarding the potential advantages of using HIIT protocols 

(Ross et al., 2016). Specifically, a systematic review of the literature in CAD showed that 

CRF, endothelial function, LV morphology and function (e.g. ejection fraction), improved to 

a significantly greater extent when compared with conventional MCT (Cornish et al., 2011), 

while a systematic review and metanalysis in HF reported better efficacy on the improvement 

of ejection fraction and LV end diameter (Cornelis et al., 2016). Regarding the pulmonary 

diseases, COPD is the most common pulmonary disease that has been studied in relation to 

exercise (Ross et al., 2016). These collective findings from CVD and COPD suggest that 

HIIT is a) equally effective with the MCT in producing beneficial physiological adaptations 

and b) produces greater reductions in leg discomfort and dyspnoea (Kortianou et al., 2010). 
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In RA, evidence suggests that avoiding PA and being sedentary associates with an 

increased risk for CVD (Fenton et al., 2018b, Fenton et al., 2018a, Fenton et al., 2017). In 

contrast, engaging and/or increasing PA in RA can evidently have significant benefits in 

multiple different disease-related outcomes and systemic manifestations in RA. Even more, 

increasing PA has been associated, alongside lower disease activity, with reduced hospital 

admission as well as days of hospitalization in RA, so perhaps PA may even be cost-effective 

(Metsios et al., 2011). In specific, increasing PA in RA results in improved CRF, muscular 

strength (Hurkmans et al., 2009) while at the same time it reduces functional disability, pain 

and radiological damage (Hurkmans et al., 2009, de Jong et al., 2003) as well as fatigue 

(Dartel et al., 2015). Moreover, PA significantly improves vascular function and reduces 

CVD risk in RA (Metsios et al., 2009, Metsios et al., 2010, Metsios et al., 2014, Stavropoulos 

et al., 2013, Lemmey et al., 2009) and can reverse rheumatoid cachexia (Lemmey et al., 

2009, Stavropoulos et al., 2010). Unfortunately, for many years rheumatology healthcare 

practitioners have advised rest rather than PA in RA individuals mainly due to fear of 

exacerbating disease symptoms (Veldhuijzen van Zanten et al., 2015). In line with this, 

patient-specific barriers, such as pain, functional disability and fatigue – symptoms that can 

be significantly improved via engagement in PA – have significantly influenced people living 

with RA towards been physically inactive (Veldhuijzen van Zanten et al., 2015). However, 

there is now collective evidence to show that PA, is safe in RA with no studies in the 

literature reporting any adverse effects (Metsios and Lemmey, 2015). This is why the 

EULAR is actively promoting the use of PA in clinical practice (Osthoff et al., 2018) and has 

invested for implementing PA within clinical practice for improving the management of RA 

(Metsios et al., 2019). HIIT may be even more effective in improving various different 

outcomes in RA, however, research in this area is scarce. Specifically, the implementation of 

a HIIT programme, although introduced with a randomised control trial almost 20 years ago 
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from De long et al. (2003) with favourable results in terms of safety and efficacy (de Jong et 

al. 2003), has not been actively investigated in depth in the meantime (Andonian et al., 2018). 

Similarly, to the best of our knowledge, there are no available data in the literature that 

evaluate the potential physiological changes in cardiac and pulmonary organ systems due to 

an exercise stimulus in RA. In other populations, exercise interventions can improve 

significantly ejection fraction (Hambrecht et al., 2000), LV strain rotation and twist at rest 

(Stöhr et al., 2012) as seen in cardiac ultrasound scan, as well as FVC and FEV1, as seen in 

spirometry (Helal et al., 2017). Relevant studies to evaluate adherence to a HIIT program and 

understand the underlying mechanics held responsible for the CRF improvements in RA 

(cardiac and pulmonary) are currently lacking. 

Given that there is: a) a high prevalence of cardiac and pulmonary diseases in RA 

(Corrao et al., 2012, Gregersen and Gravallese, 2018), b) well-evident association of 

impaired lung function with cardiovascular comorbidities with increased mortality risk 

(Duong et al., 2019), c) evidence that the appropriate application of HIIT is a safe method for 

cardiac disease individuals, according to the results of a systematic review (Wewege et al., 

2018), and d) the resent release of guidelines for the implementation of HIIT in clinical 

populations (Taylor et al., 2019), development of HIIT interventions that will help RA 

individuals reduce their cardiovascular and pulmonary disease burden, seems to be an area 

that could be further investigated (Metsios et al., 2009). Therefore, the aims of the present 

study were to investigate a) the potential changes in cardiac structure and function and 

pulmonary function in response to the effects from a HIIT exercise regime and b) adherence 

to a HIIT program in RA. 
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5.4.3 Methods 
 

Recruitment 
 

This is a single center three-month intervention trial that took place at Henry Dunant Hospital 

Center (Athens, Greece). The overall trial flow is outlined in Figure 5.4.1. Participants in the 

present study were recruited from: a) registered patient members of the EL.E.AN.A, the 

largest Greek RA patient organization, and member of the EULAR, and b) via press release 

advertisements. Outside EL.E.N.A., other eligible individuals were also approached via 

emails, phone calls and press (internet, newspapers) adverts. All eligible individuals were 

provided with detailed information about the procedures of this study and individuals were 

provided with the opportunity to ask questions. Volunteering individuals signed an informed 

consent in order to participate in the study. The study was approved by both the University of 

Wolverhampton Faculty of Education Health and Wellbeing, UK and from the Henry 

Dunant’s Ethic Committee. RA individuals were recruited in the present study, after ensuring 

the following eligibility criteria: 

Inclusion criteria: a) fulfilling the revised American College of Rheumatology classification 
 

criteria for RA (Arnett et al., 1988), b) being on stable anti-rheumatic medications for at least 

three months prior to participating in the present study and, c) characterised by a physically 

inactive lifestyle (exercising for <30 minutes, 3 times/week or more). 

Exclusion criteria: Existence of comorbidities incompatible with exercise training as per the 
 

ACSM guidelines (Riebe et al., 2017). These include history of recent cardiac events, MI, 

cerebral arterial disease (stroke), peripheral arterial disease, uncontrolled arrhythmia, and 

uncontrolled HF (Balady et al., 2002), severe neurological problems (e.g. Parkinsons, 

dementia), severe pulmonary disease (e.g. COPD, pulmonary fibrosis), uncontrolled 

hypertension (170/80 mmHg) and mental or physical impairment causing inability to perform 

any test, pregnancy or any other reason that could risk the individual’s safety. 
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Individuals with established RA and above 18 years of age referred to this study 

Enrolment 

Eligible individuals 

Follow-up 

Follow up after 3 months 
Primary outcome: Cardiopulmonary physiology 

Duration: 12 weeks 

Analysis 

Figure 5.4.1 Study Flow Chart 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
 
 

Study Protocol 
 

All participants underwent a three-month HIIT exercise program at the pulmonary 

rehabilitation facilities of the Henry Dunant’s Hospital Centre and were assessed at baseline 

and at three months post intervention for the following parameters: cardiac ultrasound scan 

 

Individualised exercise prescription under 
supervision (3 times/week) 

Baseline assessments 
♦ Cardiorespiratory fitness test 

(CRF) 
♦ Cardiac Ultrasound 
♦ Complete pulmonary Function 

Tests (PFTs) 
♦ C ─ Reactive Protein (CRP) 
♦ Disease Activity (DAS 28) 
♦ Anthropometric characteristics 

Eligible individuals agreeing to participate 
undergo baseline assessments 
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(echocardiography), PFTs, CRF (via VO2max) with electrocardiography (ECG), disease 

activity (via DAS-28) using CRP, and anthropometric characteristics with body weight. For 

more details of the methodology of these assessments, please see the Chapter 4 (Sections 

4.2.1- 4.2.6). All the assessments were performed within the same day at each assessment 

time point (baseline and three month). The date range on which this study was conducted was 

between September 2018 and May 2020. 

Adherence: At each session during the three-month HIIT program, adherence data were 
 

acquired and analysed from four different aspects (Hawley-Hague et al., 2016): 1) overall 

adherence, defined as the mean value from the sum between attendance, intensity and 

duration adherence, 2) attendance adherence, defined as the number/percentage of sessions 

attended from the total number of sessions that the program had, 3) duration adherence, 

which evaluated whether the prescribed time-limited intervals from the HIIT were met as 

well as qualitative data were gathered about the reasons for not meeting them, and 4) 

intensity adherence, which assessed if the prescribed intensity was adhered along with the 

reasons (qualitative data) for not meeting the prescribed intensity. These data were 

categorised as: no adherence met, when the average rate was between 1-24% of the 

prescribed exercise program, inadequate adherence when the rates were between 25-49%, 

moderate adherence was between 50-74%, or adequate adherence was when adherence was 

reported between 75-100% (Hawley-Hague et al., 2016). 

Exercise protocol: The description of the aerobic exercise program is based on the template 
 

for intervention description and replication (TIDieR) checklist and guide (Hoffmann et al., 

2014). This was a three-time per week, three-month exercise prescription. The whole exercise 

program was supervised at all times from an experienced clinical exercise physiologist 

(author) through personal or semi-personal (2-3 persons) sessions. The exercise prescription 

was consisted of three different modes of exercise and specifically a) treadmill, b) bicycle 
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and c) arm ergometer aerobic exercises. The duration for each session was approximately one 

hour, and consisted of: a) 45 minutes of HIIT: each exercise mode had a 15-minute duration, 

from which the first three minutes were warm-up within each modality and the remaining 12 

were used for the HIIT training; these consisted of two-minute exercise bouts at 75-89% 

intensity of HRR, followed by one minute of exercise at 60-70%, and b) all individuals 

performed 10-15 minutes range of motion (ROM) / stretching exercises prior to and after the 

completion of the HIIT exercise program (Table 5.4.1). The intensities for the HIIT program 

were determined based on the results from the baseline CRF test (Riebe et al., 2017). HR 

monitors (Polar FT-1) were used at every session tracking the HR throughout the whole 

session to measure the responses of the heart. Qualitative data that were obtained and 

specifically, level of pain and RPE prior to, throughout, and after each session were used to 

discriminate the disease-related (i.e., already in pain and/or fatigued prior to the onset of the 

session) from the exercise-related (i.e., increased level of pain after the end of the session) 

symptoms. The first three sessions of this exercise program were used to personalize the 

aerobic exercise intervention according to the patient’s specific functional abilities, as well as 

to help individuals familiarise with the exercise procedures. In cases where disease-related 

complications prevented the individuals from performing the exercises (e.g., due to flares), 

then the modality that they were not able to perform was excluded and the exercise 

prescription was adopted accordingly (e.g., replacing one mode with another in order to 

achieve the duration and intensity targets). Given that exercise interventions are often 

incompletely described, a standardized method for reporting exercise programs in clinical 

trials, the Consensus on Exercise Reporting Template (CERT), was used at this study to 

ensure high methodological standards and allow for further evaluation, replication, and thus 

implementation, of the results into clinical practice (Slade et al., 2016). 
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Table 5.4.1 Exercise prescription 
 
 

Warm up: ROM exercises 10-15 mins neck rotation/side flexion, shoulder rolls/hands behind 

back+ neck/shoulder abduction, elbow flexion/extension, wrist flexion/extension, trunk 

rotation/side flexion, hip flexion, ankle rotation 

Conditioning (45mins) 

Time (mins) Treadmill Arm Ergometer Cycle Ergometer 

0-3 Warm-up Warm-up Warm-up 

3-5 75-89% HRR 75-89% HRR 75-89% HRR 

5-6 60-70 % HRR 60-70 % HRR 60-70 % HRR 

6-8 75-89% HRR 75-89% HRR 75-89% HRR 

8-9 60-70 % HRR 60-70 % HRR 60-70 % HRR 

9-11 75-89% HRR 75-89% HRR 75-89% HRR 

11-12 60-70 % HRR 60-70 % HRR 60-70 % HRR 

12-14 75-89% HRR 75-89% HRR 75-89% HRR 

14-15 Cool down Cool down Cool down 

 
 

Cool down: 10-15 mins of shoulder stretches, hip stretches, and knee stretches 
 
 
 

Statistical analysis 
 

Data are expressed as means and standard deviations. Comparisons between groups pre vs. 

post HIIT were determined by paired samples t-tests in all studied variables (i.e., cardiac, 

pulmonary, CRF and DAS28 data) The statistical analyses were performed using IBM SPSS 

statistics V.24.0 (IBM, Armonk, New York, USA) and the level of statistical significance was 

set at p < 0.05. A minimal clinically important difference was considered a change in the 

PFTs outcome of > 5% from baseline (Jones et al. 2008). 
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5.4.4 Results 
 

Demographic & study characteristics 
 

Fifteen middle-aged (58.7±7.5 years; n=12 females and n=3 males) people living with RA 

were recruited for the purpose of the study, with a mean±SD BMI of 27.6±4.9 kg·m-2. Two 

participants dropped out, one after two months due to complications from a change in 

medication and one after three weeks due to a flair. Moreover, four individuals were current 

smokers, three were former smokers, while eight never smoked. With regards to their disease 

activity status, seven individuals were in remission (DAS28=2.2±0.4), two had low disease 

activity (DAS28=3±0) and six had moderate disease activity (DAS28=3.6±0.1). The 

demographic and baseline characteristics of the 15 participants appears in Table 5.4.2. 
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Table 5.4.2 Study Characteristics including DAS28 different components 
 
 

Characteristics Baseline Post exercise p-value 

Age (years) 58.7±7.5 - - 

Height (meters) 1.7±0.1 - - 

Gender-F:M 12:3 - - 

Active smokers 4 - - 

BMI 27.6±4.9 27.5±5 p=0.715 

Weight (kg) 76.1±17.5 75.9±17.2 p=0.764 

Fat mass (%) 34.8±7.9 33.7±7.6 p=0.046 

Fat mass (kg) 27±9.9 26.1±9.5 p=0.078 

FFM (kg) 49±10.9 49.8±11.1 p=0.062 

DAS28 2.98±0.73 2.53±0.71 p=0.019 

Tender Joints 0.9±0.8 1.2±1 p=0.347 

Swollen Joints 1.6±1.6 1±0.9 p=0.260 

General Health 3.3±0.8 7±2.5 p=0.003 

CRP (mg/dL) 0.57±0.48 0.49±0.49 p=0.621 

CRF (ml/kg-1/min-1) 23.9±6 26.5±4.5 p=0.010 

CRF (L/min-1) 1.80±0.57 2.01±0.53 p=0.003 

Values are mean±SD. BMI, body mass index; F, female; M, male; DAS28, disease activity score 28; 

FFM, fat free mass; CRP, C-reactive protein. 

 
 

Pre vs. post exercise intervention differences: Regarding the cardiac ultrasound scan results 
 

(Table 5.4.3), there were no statistically significant differences pre vs. post intervention (all at 

p>0.05). However, the results from the PFTs (Table 5.4.4) revealed that the RV was 

statistically and clinically significantly reduced post exercise (pre: 114.13±21.8% vs. post: 



143 
 

104.3±27.09%, p=0.046). RA participants CRF levels (Table 5.4.2) significantly improved 

post the exercise intervention (pre: 23.9±6 vs. post: 26.5±4.5ml/kg-1/min-1, p=0.010). Finally, 

post exercise disease activity and fat mass (%) were also both significantly reduced (DAS28 

pre: 2.88±0.71 vs. post: 2.52±0.71, p=0.025 and fat mass%, pre: 34.8±7.9 kg vs 

post:33.7±7.6kg, p=0.046). For details of pre and post means±SD please see Table 5.4.2. 

Table 5.4.3 Cardiac Ultrasound Scan Results 
 
 

Geometry Baseline Post exercise p-value 
LV mass/BSA, g/m2 

LVEDD 
LVESD 

PWT, mm 
RWT, mm 
IVST, mm 

RVEDD, mm 
LAD, mm 

A0, mm 
Systolic Function 

LVEF, (%) 
GLPS-Avg, (%) 
GLPS-A4C, (%) 
GLPS-A2C, (%) 
GLPS-LAX, (%) 

Diastolic Function 
Mitral E, m/s 
Mitral A, m/s 

E/A ratio 
Lateral e’, cm/s 

E/e’ 
DT, ms 

IVRT, ms 

76.58±16 76.58±12.4 p=1.000 
47±4 46.7±3.8 p=0.586 

27.8±3.2 27.4±4.2 p=0.614 
8.5±1.3 8.5±0.9 p=0.723 

0.36±0.04 0.36±0.03 p=0.640 
9.4±1.5 9.4±1.3 p=1.000 
31.3±3.5 31±3.5 p=0.770 
38.6±3.1 38.5±3 p=0.748 

29.5.6±5.8 29.5±6 p=0.906 
 

60.4±3.3 62.1±4.5 p=0.305 
-20.5±2.7 -20.3±2.2 p=0.846 
-20.5±2.8 -19.5±2.2 p=0.148 
-20.5±3.3 -20.9±3.3 p=0.696 
-20.3±2.7 -20.7±2.1 p=0.737 

 
0.74±0.14 0.75±0.11 p=0.754 
0.76±0.18 0.73±0.21 p=0.375 

1±0.30 1.11±0.35 p=0.178 
9±1.6 9±2 p=0.857 
8.5±2 8.7±2.3 p=0.576 

200.64±35.9 192.09±15.8 p=0.439 
94±10.9 92.3±19 p=0.761 

 
 

LV mass/BSA, Left ventricular mass indexed to body surface area; LVEDD, left Ventricular end 
diastolic diameter; LVESD, left ventricular end systolic diameter; EF, ejection fraction; PWD, left 
ventricular posterior wall end diastole; RWT, relative wall thickness; IVST, interventricular septal 
end-diastolic wall thickness; RVEDD, right ventricular end diastolic diameter; LAD, left atrium 
diameter; A0, aortic room diameter; EF, left ventricular ejection fraction; IVRT, isovolumic relaxation 
time; E/A, mitral inflow E/A ratio; DT, mitral deceleration time; E-wave, mitral inflow E-wave 
velocity; A-wave, mitral inflow A-wave velocity; E/ε’, filling pressure E/ε’, GLPS-A4C, GLPS of 
apical four chamber view; GLPS-A2C, GLPS of apical two chamber view; GLPS-LAX, GLPS of 
apical long axis view; and GLPS-Avg, Average GLPS 
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Table 5.4.4 Pulmonary Function Tests 
Results 

 Baseline Post exercise p-value 

FEV1(%/pred.) 100±9.5 99.6±11.6 p=0.764 

FVC(%/pred.) 96.8±11.7 99.9±13.1 p=0.083 

RV(%/pred.) 114.13±21.8 104.3±27.09 p=0.046 

TLC(%/pred.) 103.07±13 101.7±15.4 p=0.411 

RV%TLC(%/pred.) 114.27±13.2 113.9±12.2 p=0.921 

FRC(%/pred.) 109.5±24.8 112.07±23.1 p=0.733 

DLCO(%/pred.) 84.8±13.6 83.2±11.6 p=0.423 

MVV(%/pred.) 78.9±25 83.3±21 p=0.216 

MIP(%/pred.) 73.1±28.2 71.6±28.5 p=0.605 

MEP(%pred.) 108.1±40.7 112.7±43.6 p=0.368 
FEV1, forced expiratory volume in one second; FVC, forced vital capacity; RV, residual volume; 
FRC, functional residual capacity; TLC, total lung capacity; MVV, maximal voluntary ventilation; 
DLCO, diffusion capacity; MIP, maximum inspiratory pressure; and MEP, maximal expiratory 
pressure. 

 
 
 

Figure 5.4.2 VO2MAX 3-month changes for each individual participant 
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HIIT adherence results 
 

Overall adherence: the average value from the sum of all three different adherence elements 

presented a moderate percentage of 65.3±18.8%. A summary of the main findings from 

exercise prescription adherence is presented in Table 5.4.5. 

Attendance adherence: The participants’ mean exercise attendance rate presented a moderate 

percentage of 59.1±14%. In specific, inadequate attendance adherence was observed in three 

individuals (20%), while eight moderately (53,3%) and four adequately (26,7%) adhered to 

this three-month exercise regime. Overall, lack of attendance adherence was due to a 

rearranged session (the day that was initially planned was a bank holiday) that individuals 

failed to finally join (53%, n=86), or due to family and work-related reasons (47%, n=76). 

Intensity adherence: Overall, the average intensity of the mean values from the exercise 

prescription including all three modalities presented with the inadequate adherence rate of 

39.7±36.7%. Namely, a) treadmill exercises presented with an overall moderate adherence of 

53.3±40.8%. Specifically, four (26,7%) recorded no adherence, four (26,7%) had moderate 

and seven (46,7%) had adequate adherence to the exercise HIIT treadmill’s intensity. The 

main reason for not adhering to the intensity on the treadmill, was due to pain and fear of 

aggravating or further damaging joints, or due to safety reasons attributed to lower extremity 

restriction. Arm- ergometer mean intensity adherence demonstrate inadequate adherence 

equal to 34.2±35,8%. Explicitly, six (40%) reported no adherence, four (26,7%) had 

moderate adherence and five (33,3%) presented adequate adherence. The main reason 

reported for the lack of adherence to the arm-ergometer intensity was due to the local fatigue 

(increased effort due to using arms only during exercise) required to reach the prescribed HR 

intensity. Finally, cycle-ergometer reported an inadequate intensity adherence rate of 

37.5±33,4%. In specific, five (33,3%) failed to adhere, two (13,3%) reported inadequate 
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adherence, two (13,3%) reported moderate adherence and six (40%) reported adequate 

adherence. The main reason reported for lacking to adhere to the intensity of the cycle- 

ergometer was due to fear of aggravating knee symptoms and increased feeling of local 

fatigue on both legs. Analysis of the overall sample for the reasons that prevented individuals 

from meeting the prescribed intensity showed that 37.6% was due to disease-related reasons 

(e.g., inflammation, joint pain, fatigue, depressed mood), and the 14.2% was due to other 

reasons (e.g., knee joint puncture, dizziness, eye infection, sleepless night). Both reasons led 

to adjust differently the exercise regime (i.e., lower intensity or continuous training 

programme of moderate intensity instead of HIIT). At the remaining 48.2% of the non- 

adhered in terms of intensity sessions, although individuals experienced symptom-free 

sessions, they finally failed to meet the prescribed intensity. 

Duration adherence: The present data for exercise duration adherence presented with 

adequate adherence (97.3±5.6%). In two cases (2.7%) we reduced the exercise prescription 

load by omitting the treadmill in one patient (1.3%) and the arm ergometer at the other 

(1.3%) for one week, due to barriers they experienced irrelevant to exercise. Both individuals 

returned back to their normal exercise prescription and continued experiencing symptom-free 

sessions till the end of the intervention. In one patient (1.3%) the range of motion from the 

knee joints was markedly limited due to excess body weight, affecting the performance on 

the upright cycle ergometer, and thus, the time was split instead through the rest two 

modalities of the treadmill and arm ergometer. 
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Table 5.4.5 Main Adherence Results from Exercise Prescription 
 
 

Adherence Aspects Overall Treadmill Arm- 
Ergometer 

Cycle- 
Ergometer 

Attendance(mean±SD) 59.1±14% - - - 

Intensity(mean±SD) 39.7±36.7% 53.3±40.8% 34.2±35,8% 37.5±33,4% 

Duration(mean±SD) 97.3±5.6% - - - 

Average (mean±SD) 65.3±18.8% - - - 

 
 
 

5.4.5 Discussion 
 

The present single arm study aimed to explore the effects and adherence of a three-month 

HIIT aerobic exercise intervention program on the cardiopulmonary physiology parameters in 

RA individuals. The results of this study revealed that a HIIT aerobic program in RA 

individuals revealed significant improvements in pulmonary RV, CRF, and reduced disease 

activity, despite it was not adequately adhered to, due to the moderate and inadequate 

adherence that was presented at attendance and intensity elements, respectively. No other 

parameters changed in response to this HIIT intervention. 

So far, there are no studies in RA to evaluate the effect from exercise into the cardiac 

and pulmonary organ systems. The present study showed that although there were no 

statistically significant differences in cardiac structure and function (p>0.05), the pulmonary 

function post-exercise (i.e., RV), was significantly improved (p=0.046). For cardiac function 

perhaps the non-significant changes in the studied variables are probably attributed to the 

short-term methodology of this study. However, some parameters improved, albeit not at a 

statistically significant level, a finding that may have clinically important implications. 

Specifically, echocardiographic parameters of diastolic function post exercise presented with 

an improved function, as IVRT and A wave velocity were reduced (94±10.9 vs. 92.3±19ms, 
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0.76±0.18 vs. 0.73±0.21m/s, p>0.05, respectively), while E wave velocity and the E/A ratio 

increased (0.74±0.14m/s vs 0.75±0.11), although not at a statistically significant level. 

Cardiac structure on the other hand demonstrated a small increase of 0.005mm post exercise 

in RWT, which may not be a random finding but may be an initial stage of an exercise 

induced cardiac remodelling process (Nystoriak, 2018). The reason why these may be 

clinically important findings, despite the lack of statistical significance, is because research 

findings suggest that a 0.01 increase in RWT in individuals with established LV dysfunction 

results in a reduced risk of 12% for VA and 10% for VA/death, respectively (Biton et al., 

2016). As such, given the increased prevalence of diastolic dysfunction seen in RA, where 

both structure and function of the heart are impaired, (Aslam et al., 2013) and given the 

results of the present Thesis (i.e. results from the previous Chapter), which showed that 

physically inactive RA individuals presented with significantly reduced RWT as opposed to 

physically inactive non-RA controls (0.35±0.03 VS 0.37±0.03mm, p=0.038), may suggest 

that an individualised aerobic HIIT regime could lead to an exercise-induced cardiac 

remodelling process in RA. However, randomised control trials of potentially longer duration 

are required to confirm this finding. 

Regarding the pulmonary function in RA, the present study was the only study that 

investigated PFTs in RA, in response to an exercise program. The findings from the previous 

Chapter of this Thesis (i.e. cross-sectional study on the differences between cardiac and 

pulmonary parameters between RA individuals and non-RA controls) demonstrated that RA 

individuals presented with a hyperinflation pattern as opposed to non-RA controls, according 

to the results of TLC (103.98±15 vs 94.7±11.6%, p=0.002), RV (114.19±34.6 vs 89±24.4, 

p<0.001) and the ratio of RV%TLC(118.31±16.8 vs 108.7±12.3, p=0.004) respectively. 

Thus, the statistically and clinically significant reduction (p=0.046) of the mean value in RV 

by 9.83% that is presented in this study as a result of exercise in RA participants, is important 
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(Jones et al. 2014) and may suggest an exercise-induced pulmonary remodelling process. This 

may be particularly important, when taking also into consideration the interplay between the 

cardiac and pulmonary systems, given that any alteration that occurs in one system may 

directly affect the other (Cheyne et al., 2020). In specific, pulmonary disorders can be the 

driving cause of cardiac dysfunction (Alter et al., 2018) with pulmonary hyperinflation 

contributing significantly to this malfunction (Cheyne et al., 2018, Cheyne et al., 2016, Stone 

et al., 2016). Therefore, the present results may suggest that a supervised HIIT regimen could 

reverse a hyperinflation pattern in RA with potential benefits on the cardiopulmonary system 

in general, however, future randomised control trials with similar design are required to 

confirm it. 

The findings from the present three-month HIIT aerobic training also confirmed 

previous findings (Stavropoulos et al., 2013, Hurkmans et al., 2009), which showed that CRF, 

DAS28 and fat mass% improved significantly post intervention. In fact, the observed 

increased in post-exercise CRF is a significant clinically important finding which may 

associate with a 10% reduction in all-cause morbidity and mortality (Swank et al., 2012). 

With regards to disease activity, the mean score of the overall sample's DAS28 was 

statistically significantly reduced (p=0.025) and changed the group’s disease activity from 

low (i.e., when DAS28 is between 2.6 and 3.2) to remission (i.e., when DAS28 is lower than 

2.6), with 14 out of the 15 RA individuals (93.3%) having reduced their DAS28 28 in 

response to this three-month HIIT intervention. Providing a justification to explain the anti- 

inflammatory role of exercise in this study is challenging due to the small number of 

participants. Specifically, CRP and joint outcomes (i.e., swollen) presented marginal 

improvements post-exercise. In contrast, the significant improvement in patient general 

health score post this HIIT supervised exercise programme was probably the main contributor 

for the significant reduction of the overall DAS 28 score. 
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Adherence, in general, is a non-well defined term and is even more complicated when 

is applied to exercise regimes in people living with musculoskeletal disorders, like the RA 

population (Bailey et al., 2020). A review from Hague et al., (2016) answering how we 

should define and measure adherence in exercise, stated that if adherence is being measured 

in a study with the intention to assess if the intervention generates a health gain, then the 

definition of adherence needs to focus on a number of different measurements, suggesting as 

necessary parameters: attendance, duration, and intensity adherence (Hague et al., 2016). 

However, there are no available data in RA providing information at this level for adherence 

from exercise regimes. Studies reporting adherence mainly report the attendance adherence, 

which may provide incomplete data on the overall adherence and thus, the way 

individualization of exercise programs occurs. As such, the outcomes from the present study 

may be important, since they demonstrated that attendance adherence had moderate 

adherence (59.1±14%.), intensity had inadequate adherence (41.7±36.7%) and duration had 

adequate adherence (97.3±5.6%). As per the findings of the present study therefore, it seems 

that RA individuals can not adhere to the intensity element of a HIIT program, if the 

program’s methodology is not individualised (e.g., the changes in the modes of exercise as 

was shown herein). In addition, these findings are in line with the study results from the first 

study of the present work (please see chapter 5.4.1), where people living with RMDs reported 

exercise in a moderate manner as the best preferred option and swimming as the most popular 

type of exercise. Since exercise has a dose-dependent relationship with health outcomes and 

because intensity plays a pivotal role in this association (Lee, 2007), it can be argued 

however that the present sample of individuals did not receive the optimum benefits of the 

present HIIT exercise program. If the study’s sample was adequate, this would be better 

presented through a sensitivity analysis on whether those adhered better with the exercise 

programme finally presented with better cardiopulmonary physiology outcomes. The present 
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adjustments in the exercise modes were applied to help individuals to improve their 

attendance adherence, which is the key component to keep RA patient physically active. 

Importantly, even if intensity adherence was not achieved to a required level, significant 

improvements were detected in key clinically important findings, including pulmonary 

function CRF and DAS28. 

 
Limitations 

 
 

The single-arm design of this study is a significant limitation. The initial intention for this 

study, however, was to develop a randomised control trial, but due to the pandemic of Covid- 

19, the data collection process had to be cancelled affecting the pending re-evaluation of post-

three-month data of 15 RA individuals from the control group who did not exercise. 

Therefore, only six individuals had a complete evaluation from the control group (baseline 

and post three months), and thus, the whole group was excluded from the study. 

Consequently, this study results lack sensitivity analysis that would be interesting to conduct 

and investigate the cardiopulmonary physiology study outcomes amongst people living with 

RA and had inadequate, moderate and adequate exercise adherence results. As such, future 

randomised control trials with long-term interventions (more than three months) are 

necessary to investigate and confirm the long-term adherence and the expected differences in 

both cardiac and pulmonary systems in RA. 

 
5.4.6 Conclusions 

 
This study is the first to evaluate the effects of a three-month HIIT in cardiac and pulmonary 

indices in RA, along with detailed data for adherence. Statistically significant improvements 

were detected in the pulmonary function (i.e., RV), CRF, and DAS28, although RA 

individuals did not adequately adhere to the exercise regimen. More studies are needed 
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however for a further investigation of these results and to help develop targeted and 

adequately adhered exercise regimes, in order to contribute towards a better RA management. 
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CHAPTER SIX: GENERAL DISCUSSION 
 
 

The overall work within this Thesis aimed to investigate the role of exercise in RA 

individuals' cardiopulmonary physiology through a rounded approach. To develop such an 

approach, we initially explored the currently achieved and preferred exercise principles and 

exercise awareness in people living with RMDs, including people living with RA. 

Subsequently, the project investigated the validity, safety, and necessity of a combined CPET 

with a verification phase protocol in RA and non-RA controls. After that, we independently 

examined and compared cardiac function and structure and pulmonary function between 

people living with RA and non-RA controls and their associations with the CRF level in both 

groups. Finally, we studied the potential effects and adherence of a three-month HIIT aerobic 

exercise regimen in RA individuals' cardiac and/or pulmonary physiology. 

As highlighted in the Chapter Literature Review of the current Thesis (please see 

Thesis section 2.5), people living with RMDs keep a physically inactive and/or sedentary 

lifestyle, despite the recent EULAR recommendations for actively incorporating PA and/or 

exercise in the management of their condition. With higher PA and/or exercise levels 

associated with better disease-related outcomes, CVD morbidity and mortality outcomes, the 

development of effective exercise regimes that do not aggravate disease-related symptoms 

and adequately transform lifestyle into more physically active is necessary. 

As such, for the first study, we co-designed – with academics and RMD patient 

groups – a questionnaire to examine the currently achieved and the preferred exercise 

principles (i.e., frequency, intensity, time, type) and modality in people living with RMDs. 

Our results revealed that a low percentage of the present individuals achieved the 

recommended levels of PA. According to RMD individuals’ preferences, a potentially 

exercise prescription – that individuals would be willing to engage in – would have a 
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frequency of “2-3 times per week”, characterised by a moderate intensity, last of “about an 

hour’’, and preferably implemented via swimming methods. A blended intervention modality 

consisted of group-based, individualised, and supervised exercise programmes were the best- 

preferred option. About the benefits of exercise, individuals’ responses concerned three main 

themes: a) mental health, b) functional ability, and c) overall health. The content analysis 

regarding exercise awareness of this study suggested a novel exercise barrier that may arise 

from a potential exercise misuse. Individuals answered that the disease-related symptoms of 

“pain’’ and “fatigue” experienced during exercise, were the principal reasons they do not 

want to engage in exercise. Oxymoron is that the main symptoms for avoiding exercise are 

the very ones that improve once individuals engage in PA/exercise (Veldhuijzen van Zanten 

et al., 2015). Overall, besides those individuals that exercise and meet the recommended PA 

guidelines, the qualitative results lead to suggest an approach for categorising people living 

with RMDs about PA and/or exercise, where: Category A: individuals who like and perform 

some exercise without actually wanting to meet the suggested PA guidelines; Category B: 

individuals that like to exercise, but they do not engage in PA/exercise; Category C: 

individuals that do not like exercise, due to disease-related symptoms that they experienced 

during PA/exercise, and Category D: individuals that do not like exercise at all. This study's 

generated outcomes could potentially help better understand the individuals΄ needs and 

preferences so that future practitioners can use such data to tailor exercise programs 

according to the individuals’ needs and preferences. In general, implementation research is 

significantly under-used in RMDs and thus, the researchers assume that the development of 

an exercise program could potentially be relevant to other individuals. This, however, is a 

traditional “one-size-fits-all” approach that suffers from sustainability. In support of this, 

individuals that engage in research projects that incorporate exercise can improve their CRF 

(Hurkmans et al., 2009), however when research projects (and funding) cease, individuals 
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tend to return their baseline levels. This is why cross-sectional studies that evaluate CRF in 

RMD individuals and controls still reveal significant lower values in people living with 

RMDs (Metsios et al., 2015) . Thus, tailoring exercise programs to the individuals’ needs and 

preferences, empowering individuals to become autonomous and knowledgeable about the 

benefits of exercise and the exercises that are beneficial for them and helping them maintain 

fitness levels in the long term, is a necessity that has to be addressed in order to help 

individuals improves their CRF and thus, optimize the potential exercise-induced benefits. 

In the second study, we tested the verification phase protocol's incorporation at the 

gold standard method to measure the cardiopulmonary system, the CPET, to investigate 

attainment of a “true” VO2max test. Our results showed that incorporating the verification 

phase after a CPET constitutes a diagnostically superior, safe, and necessary modality for use 

by RA healthcare professionals for RA individuals as well as healthy but physically inactive 

controls. Both groups presented with no differences in terms of age, BMI, CRF, and PA level, 

however, 15% fewer people with RA achieved maximal effort compared to non-RA controls 

during CPET, most likely due to disease-related reason and/or symptoms. Specifically, 

disease-related symptoms of pain/fatigue, along with a potential subclinical cardiac 

malfunction expressed with exercise intolerance symptoms, may account for these findings. 

With regards to the evidence and diagnostic accuracy of the CPET for a ‘true’ VO2max 

attainment, no criterion or combination of criteria presented good diagnostic accuracy (i.e., 

sensitivity, specificity, LHR+, LHR-, DOR) while adding a verification phase to the CPET 

unmasked a twofold prevalence of clinically significant VO2 differences between the two 

tests (CPET vs verification phase) in people living with RA compared to healthy but 

physically inactive controls. Although these are clinically meaningful results, some authors 

do not recommend using the verification phase in the clinical setting (Murias et al., 2018, van 

Breda et al., 2017), due to the fact that this is considered a supramaximal effort. However, 
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our study results demonstrate that in people living with RA, especially those characterised 

with low to moderate disease activity, the verification phase protocol performed without 

complications or adverse effects despite its high intensity load. Thus, to produce 

diagnostically accurate and clinically meaningful CPET results, the current results strongly 

suggest that the verification phase protocol is necessary either in RA individuals 

characterised with a low to moderate disease state or in physically inactive non-RA controls. 

This is particularly important for developing tailored exercise prescriptions since submaximal 

VO2max values (as depicted from the results of this Thesis) will lead to the development of 

exercise prescriptions with sub-optimal dosage and adaptation benefits. When a CPET, 

however, is not applicable either due to a) the individuals’ functional limitations, b) the 

increased cost of utilizing specialized equipment, c) lack of the necessary equipment, then 

alternative cost-effective and easier methods (i.e., six-minute walking test, step test) can be 

available for evaluating CRF levels and these are indeed widely used in the clinical and 

research practice. However, the clinical and research significance of CPET cannot be 

displaced given that it has a broad spectrum of clinical applications besides the exercise 

prescription (i.e., overall current health state, response to treatment, preoperative evaluation) 

(Ross., 2003). To the best of found knowledge, this study is the first to assess the diagnostic 

accuracy of the CPET and the results from the implementation of a verification phase 

protocol in people living with RA. The findings from this study, may help establish the 

implementation of a combined CPET with a verification phase into the routine clinical and 

research agenda of people living with RA. 

In RA, the CRF which is determined by both the cardiac and pulmonary systems, is 

significantly different between RA and controls (Metsios et al., 2015), while there is an 

increasing body of evidence suggesting cardiac (Zubieta et al., 2012) and pulmonary 

(Gregersen and Gravallese, 2018) complications in this population. As a consequence, the 
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initial hypothesis of the third study was to further investigate the increased prevalence of 

cardiopulmonary abnormalities in people living with RA compared to general population and 

explore which cardiac and pulmonary parameters underlie the observed CRF differences. As 

such, we evaluated the cardiac and pulmonary organ systems independently; to the best of 

authors knowledge, the distinct evaluation of the heart (cardiac ultrasound scan), lungs 

(PFTs) and their associations with CPET, has been performed for first time in the literature 

which demonstrates the novelty of this study. Such an approach allows for a plethora of 

clinical outcomes and provide a complete functional evaluation, able to differentiate between 

many different clinical scenarios attributed to similar disease-related symptoms driven from 

the heart and/or lungs (ex. exercise intolerance, fatigue, pain in legs). It is important to note 

that in this study we have set strict eligibility criteria in order to recruit apparently healthy RA 

individuals and adults (i.e., without any previous symptoms that could be attributed to cardiac 

or pulmonary disease). The results of the third Study revealed that in the absence of an overt 

cardiac or pulmonary disease, people living with RA presented with an eccentric cardiac 

remodelling and a lung hyperinflation pattern compared to non-RA controls. 

Specifically, this eccentric and not concentric (Cioffi et al., 2018, Myasoedova et al., 

2013, Midtbø et al., 2015) cardiac remodelling seen through the significantly reduced RWT 

value in RA individuals compared to non-RA controls could potentially be significant. That is 

because only a few studies have previously confirmed such differences in cardiac structure in 

people living with RA compared to the general population (Pascale et al., 2018), especially 

when it may cause a 24% and 20% increased risk of   VA and VA/death, respectively (Biton 

et al., 2016). As for the hyperinflation pattern observed from the increased values of TLC, 

RV and RV%TLC in RA comparing to non-RA controls, may disclose other underline 

conditions, such as COPD [(Saey et al., 2014), please see Study 3 Discussion for further 

details)]. The results of this study, revealed more parameters related to pulmonary function 
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that were compromised in RA vs controls compared to cardiac outcomes, were only RWT 

was significantly different. In specific, this study evaluated 11 pulmonary function 

parameters, of which three were significantly different, while from the nine cardiac structural 

parameters only RWT was significantly different and none of the 12 cardiac functional 

factors revealed significant differences. The Study three findings did not reveal a functional 

cardiac impairment between the two studied populations, possibly due to the present 

exclusion criteria, given that we excluded all participants that were identified with important 

cardiac or pulmonary complications, as per the ACSM guidelines for CPET safety. Taken 

together, the results from Studies two and three, may suggest that the occurrence of 

undiagnosed preliminary exercise intolerance observed in Study two (i.e., a substantial 

number of individuals not been able to achieve maximal effort) could be partially explained 

by the observed subclinical impairments in either pulmonary and/or cardiac function and/or 

both (i.e., results from Study 3). This is further supported by the results from the collective 

examination of CRF with echocardiography and PFTs parameters in study three which 

showed that CRF enhancement in RA might play a pivotal role in the observed cardiac 

diastolic dysfunction management (improves LV myocardial performance) and better 

pulmonary function outcomes (improved FVC and forced FEV1 values). 

However, more studies are necessary to investigate these hypotheses to replicate and 

confirm the present findings. Finally, it is important to acknowledge that a large number of 

cardiac and pulmonary variables were investigated in Study 3. Thus, focusing on those found 

to be statistically different may introduce bias in the present findings. Still, other variables 

that were not statistically different between the two populations (RAs and controls) may bear 

clinically important differences (i.e., cardiac diastolic function). It seems overall that cardiac 

structure and pulmonary function subclinical complications could be prevalent in apparently 

healthy people living with RA compared to non-RA controls, thus a better understanding 
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around statistical and clinically important differences between RAs and controls may provide 

helpful insights to understand better the causality between impaired cardiopulmonary 

physiology with disease-related and other outcomes in RA. That is because low CRF levels 

seen in RA individuals may not be only the result of an inactive and/or sedentary lifestyle. 

Possible subclinical cardiac (i.e., eccentric remodelling) and pulmonary (i.e., hyperinflation) 

physiologies may further affect and explain RA individuals’ exercise intolerance at the 

CPET. Given that RA constitutes an autoimmune disease without a definite aetiology, 

understanding the mechanisms leading to major organ systems' comorbidities, such as the 

heart and lungs, is of great importance as it could affect the overall RA treatment approach 

from the primary diagnosis of the disease. 

Τhe fourth study was designed to investigate the potential cardiac and/or pulmonary 

adaptations that occur in response to improved CRF. A HIIT aerobic regimen was utilised for 

this study since HIIT is rarely investigated in RA; paradoxically, it is an excellent 

intervention to improve CRF. As per the results from this before-after single-arm study, 

significant improvements in the RV, a meaningful indicator of pulmonary function, CRF, and 

reduced disease activity were observed, despite that RA participants failed to adequately 

adhere to this three-month exercise regimen (i.e., moderate overall adherence). This is 

potentially an important finding, which may suggest that lower intensities in a HIIT program 

are sufficient to partially improve pulmonary function, CRF and the disease state in RA. This 

confirms previously reported improvements on CRF from lower intensities as well as reduced 

disease activity in response to exercise (Stavropoulos et al., 2013, Metsios et al., 2014, 

Wadley et al., 2014). Specifically, the significant reduction of the mean pulmonary RV value 

by 9.83% following the moderately adhered HIIT exercise program in RA, indicates that 

exercise may has the ability to address the hyperinflation pattern observed in the third study 

of this project. This improvement is an important clinical finding (Jones et al., 2014) that may 
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also suggest an exercise-induced pulmonary remodelling process. Cardiac remodelling could 

also be suggested, given the observations in cardiac parameters. Specifically, the results 

revealed an increase of 0.005mm in RWT post-exercise, indicating that a HIIT aerobic 

regimen could lead to an exercise-induced cardiac remodelling process in RA, while 

increasing RWT just by 0.01 may reduce VA morbidity and mortality (Biton et al., 2016). 

However, appropriately designed randomised control trials with sufficient follow-up are 

required to confirm this hypothesis. 

Also, given the dose-dependent relationship between exercise and its benefits, the 

moderate attendance adherence observed in the fourth Study, indicated that the overall 

exercise dosage was lower than intended and thus, the benefits from this program were not 

optimized. Potential reasons for the intensity non-adherence were because some individuals 

failed to push themselves at the beginning of the programme due to fear of being in pain or 

aggravating their disease-related symptoms as a result of exercise. This is a frequently 

observed finding in RA (Veldhuijzen van Zanten et al., 2015) which may also be promoted 

by the traditional views of rheumatology healthcare professionals, who suggested for many 

years their RA individuals to rest (rather than exercise). The aerobic program in the fourth 

study was also a HIIT program, and connotations such as “high intensity” do result in fears of 

engaging in exercise in this individuals’ population. All these factors and other, that were not 

studied herein, may have accounted for the lack of better adherence. 
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CHAPTER SEVEN: LIMITATIONS 
 
 
 

Although the methodology of the present project was designed to directly respond the set 

research hypotheses, several potential limitations may have affected our findings. Limitations 

are discussed in detail within each study, therefore, in this section an overview of the key 

limitations are presented. 

• A cross-sectional design was utilised in the first, the second and the third study in the 

current project. Although the associations observed in these studies are interesting and 

can serve to generate future hypotheses that arise from this work, they do not provide 

definitive evidence for causality and directionality, which can only be best addressed 

via appropriately designed randomised control trials. However, research in general 

works in these ways: cross sectional studies normally precede randomised control 

trials because cross sectional and epidemiological evidence provides potential 

directions for investigating causality. For example, if a cross sectional study identifies 

associations, further causality between these associations can be investigated in a 

randomised control trial. 

• All four studies in the current project used convenience samples of participants. This 

overall project, therefore, may be characterized by selection bias and may be not 

representative of the corresponding population. To reduce selection bias through 

convenience sampling, randomised recruitment sampling strategies could be used, 

which is what was done in the fourth study. Furthermore, because we recruited 

participants to take part in exercise studies, the group may have included participant΄s 

interested or those who had already been engaged in exercise. Therefore, our 

participants may not be representative of all RA individuals, or in general in RMDs 



162 
 

individuals for the first study. This, however, is a characteristic in all exercise studies 

that recruit individuals. Furthermore, it is difficult to blind participants when they 

engage in exercise interventions, since participants know that they exercise (as 

opposed to placebo trials where patient do not know what intervention they receive). 

It was our intention to blind our participants for the interventional study of this Thesis 

(study four) but due to unforeseen circumstances the study changes from a 

randomised control trial to a single arm study. In specific, in study four we aimed to 

conduct a randomised control trial with one arm receiving an exercise placebo 

intervention i.e., an intervention with stretching exercises, that cannot bring about 

changes in the primary outcomes (cardiac and pulmonary physiology and CRF). 

However, due to the COVID-19 pandemic, we were forced to change our 

methodology to a single arm study and exclude all individuals that were recruited to 

serve as controls. 

• The sample size of the studies was not calculated using standardized techniques. All 

studies did not include power calculations, and this is a significant limitation in the 

current work. When studies are underpowered, they may not have the required power 

to create robust conclusions. Therefore, more studies are required to confirm the 

findings of all present studies. 

• Given that RA female individuals failed to present a threefold ratio comparing to men 

(Oliver and Silman, 2009), because our project’s sample included at all studies a 

percentage of female individuals≥80% (study 1=94.6%, study 2&3=85.7% and study 

4= 80%); thus the generalisability of our findings regarding men diagnosed with RA 

is limited. 

• Due to the lack of ethnic diversity, the generalisability of our findings is also limited. 
 

Furthermore, for the studies two, three and four we mainly recruited from only one 
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geographical location, the Athens region of the Attica, besides three cases (one from 

Crete, one from Thessaly and one from the Euboea Island), and thus, it cannot be 

assumed that findings in individuals from this area can be applied to all of the Greek 

population. However, for the study one, we recruited participants from different 

regional areas throughout mainland Greece and islands. Also, the exercise profile, 

BMI, and other demographic variables were consistent with RA studies previously 

conducted in UK by the supervisory team members and the author of this project. It is 

important to note that research is conducted to provide generalisable outcomes, 

however most of the time this is not possible as this requires a significant number of 

individuals from different regions, which most of the time is not possible with 

research due to limited funds. 

• Finally, because the outcome assessor was not blinded to the allocation of 

participants, the trial is at risk of assessment bias. Blinding, however, the assessor to 

the allocation of participants was not possible because the primary investigator was 

responsible for delivering both the face-to-face and telephone procedures and for 

performing most of the outcome assessments (besides the cardiac and pulmonary 

evaluation). Nevertheless, every attempt was made to standardise procedures and the 

outcome assessor was carefully trained and monitored for objective and consistent 

administration of them. 
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CHAPTER EIGHT: SUGGESTIONS FOR FUTURE RESEARCH 
 
 

Based on the information gained from study one, topics for further research might include: a) 

to obtain similar qualitative data from a larger sample and with a more representative sample 

size of as many as possible different RMDs, b) to evaluate whether this study’s suggestions 

for exercise could be adhered to with success by people living with RMDs and their efficacy 

on significant health and disease-related outcomes, and c) assessing whether it is feasible to 

develop a validated questionnaire to obtain such qualitative specific data to be further 

replicated and used in RMDs would be very helpful. 

Based on the outcomes of study two, it might be interesting to compare different 

verification protocols (e.g., verification phase mode, intensity, and duration, recovery period 

duration, verification criterion, same or alternate test days, and CPET protocol) in people 

living with RA and compare them with the existed results from the apparently healthy 

individuals, to confirm that in people living with RA, such differences in the verification 

phase procedure do not appear to influence its effectiveness. 

A step to further explore the results of study three could be to incorporate a more 

advanced screening method for the cardiac and pulmonary evaluation, such as the cardiac 

magnetic resonance imaging technique (MRI) and the positron emission tomography- 

computed tomography (better known as PET-CT or PET/CT) scan for lungs, respectively 

(although the latter is very invasive due to radiation levels). 

During study four, the covid-19 outbreak prevented us from incorporating non-RA 

controls. Therefore, it is necessity for a sufficiently powered randomised control trial to 

utilise similar methodologies but with a longer duration of the exercise intervention. 

Suggestions for future research may incorporate the use of more sophisticated screening 
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methods to assess the efficacy of exercise more adequately in the cardiac and pulmonary 

organ systems in RA individuals. 
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Appendix B: RA participants information sheet 

INFORMATION SHEET

Title of Research: 

Chief Investigator: 

Co-Investigators: 

Development and   evaluation   of   an   exercise   intervention 
programme to improve cardiac, pulmonary and functional 
responses in individuals with rheumatoid arthritis. 

Prof. George Metsios, BSc, MSc, PhD 
Research Institute in Healthcare Science 
University of Wolverhampton 
[telephone number redacted] 

Mr. Panagiotis Vitalis, MSc 
Research Institute in Healthcare Science 
University of Wolverhampton 
[telephone number redacted] 

Dr. Ian Lahart, MSc, PhD, PGCERT 
Research Institute in Healthcare Science 
University of Wolverhampton 

Prof. Yiannis Koutedakis 
Research Institute in Healthcare Science 
University of Wolverhampton 

Hospital and university regulations require us to obtain signed consent for participation 
in research involving human subjects. After reading the statements below, please 
indicate your consent by signing the Consent Form. 

Introduction to the research and invitation to participate in our study 
You are invited to participate in our study, which investigates the benefits of exercise on the 
heart, lungs and functional ability of individuals with rheumatoid arthritis. Participation in the 
study is voluntary. You do not have to take part, and your future treatment or care will not be 
affected by your decision. You could withdraw from the study at any time if you do take part. 

What is the research about? 
Individuals with rheumatoid arthritis have an increased risk of developing heart problems. 
Exercise is generally accepted as the best way to minimise risk for heart disease (without 
using drugs). However, the potential effects of exercise on the cardiac-lung function of 
individuals with rheumatoid arthritis have never been studied. This is surprising, because 
long-term exercise is known to reduce the activity of the disease and to improve the 
functional ability and quality of life of individuals with rheumatoid arthritis. The purpose of 
our study is to investigate the benefits of a three-month individualised exercise-training 
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programme on the cardiac-pulmonary function and functional ability of individuals with 
rheumatoid arthritis. 

What will I have to do? 

You will be included in our exercise programme for a period of three months. This 
programme will be specifically designed to meet your personal needs and will include three 
days of exercise per week. To customise your exercise programme, we will first assess how 
fit you are, your heart-lungs condition and your functional ability. 

What does the exercise-training programme involve? 

Exercise will focus on the improvement of the fitness of your heart and your muscles. In 
general, this is achieved with combined “aerobic” and resistance exercise. For this study, you 
will undergo aerobic only exercises and upon the completion of the programme, then you will 
receive tailor-made, according to your medical history, sugggestions for resistance exercises. 
Aerobic exercise is any activity that uses large groups of muscles, can be maintained for a 
long time (about 20 minutes or more) and is rhythmic (repetitive) in nature. It is a type of 
exercise that challenges the heart and lungs and causes them to work harder than when we 
rest. 

After exercise testing, you will be provided with 
a training programme designed specifically for you. 
This will aim to improve your fitness, without 
aggravating your arthritis. However, immediately after 
the first few exercise sessions, you may experience 
short-term pain, lasting for a few hours, as you would if 
you started exercising after long periods without any 
exercise. This side effect of exercise will disappear as 
you become fitter and more used to it. 

Each session will consist of a short warm-up 
period (10-15 mins) that will include range of motion 
exercises to prepare your body for the future exercise 
stimulus. The main exercise session will follow. This 
will include 20-minute bouts of exercises such as 
walking, cycling and arm ergometer, at an intensity 
considered suitable for you by the exercise physiologist 
and according to your results from the cardiopulmonary 
exercise tolerance test. The type of exercise that will be 
chosen depends on your own personal needs. All these 
exercises will last in total 30-35 mins. This will be 
followed by a short cooling-down routine with similar 
exercises as the warm-up. Overall, each session will last 
for about 60 mins (please see Figure). 

In total you will be asked to try to complete three exercise sessions each week, for a 
period of three months. They will be held in the premises of Henry Dunant Hospital, the 
Pulmonary Rehabilitation unit of Henry Dunant Hospital, under supervision of the exercise 
physiologist, Panagiotis Vitalis. By participating in this study, you will receive free exercise 

Cool-down (10-15 min) 

Range of motion (ROM) exercises 

Warm-up (10-15 min) 

Total aprox. duration 60 min 
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prescription and supervised exercise sessions at Henry Dunnant Hospital. In total, you will 
participate in 36 exercise sessions during the three-month period. 

 
What do the assessments involve? 

 
Tests can be divided into four main groups: 

1. Cardiac function. 
2. Complete Pulmonary Function Testing (PFTs) 
3. Cardiorespiratory fitness (i.e. the functional ability of the system consisted from your 

heart and lungs, resulting to your fitness level) and exercise tolerance (i.e. how much 
exercise you can take) evaluation. 

4. Functional ability tests (we will evaluate lower extremity function using tasks that 
mimic daily activities). 

1. Echocardiography (approximately 30 minutes) 
• We will ask you to be evaluated for a cardiac ultrasound scan from a specialised 

cardiologist, about your heart’s function. 
• Blood sample 

5 ml of blood will be collected from the individuals’ antecubital vein. Blood samples 
will be analysed for the inflammatory biomarker C-reactive protein (CRP). 

2. Pulmonary function tests (approximately 15 minutes) 
We will evaluate the pulmonary function and the respiratory muscle function through 
a compete battery of assessments at the A’ Pulmonary Department of Henry Dunant’s 
hospital. 

3. Cardiorespiratory fitness and exercise tolerance (approximately 45 minutes) 
• Demographics, disease activity (approximately 20 minutes): We will measure your 

weight and height. We will also assess the activity of your arthritis as we do in the 
clinics, i.e. by gently squeezing your joints to feel whether they are swollen so you 
can tell us whether they are painful). In total, this will take about 5 minutes. 

• Exercise Tolerance test (total time: 20-25 minutes): This is a test that will help us 
see how your heart functions during exercise. It will also help us tailor the training 
programme to your own individual needs. A treadmill will be used for the test. A 
trained exercise physiologist will show you how to use this equipment. We will ask 
you to exercise using such equipment until you reach voluntary exhaustion (that 
means until you think you cannot do any more). At the beginning of the exercise, the 
effort you need to put in will be minimal, but as time passes, the effort needed will 
gradually increase. When you believe that you cannot go on any longer you should 
stop. Usually, this test lasts for 15-20 minutes. 

• Other measurements: During the exercise test 
described above, we will be monitoring your heart 
function by measuring your heart rate and blood 
pressure. We will also be measuring the amount of 
oxygen your body uses during exercise. For this 
measurement, we will place a mask (like the one shown 
in the picture) around your mouth and nose. This mask 
has a hole in the front where a little fan is attached. 
This fan measures how much air you breathe in and out 
and calculates the amount of oxygen you use during 
exercise. The mask will not prevent you from breathing 
freely. This is the most accurate set of tests for fitness 
people can have. 
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4. Functional Ability (approximately 10 minutes). 
We will evaluate your functional ability through a simple procedure that is consisted 
from balance, gait speed and chair stand tests. 

 
When will I be tested? 
Testing will take place on two 
occasions. 
1. Before you start your exercise 

training: this is necessary for us 
designing the exercise 
programme based on your own 
needs and preferences. 

2. At the end of the training 
programme (three months 
after you have started), to 
assess the potential benefits in 
your heart, lungs, fitness level, 
functional ability, if any. 

 
The tests will be identical on both 
occasions. For the whole period of 3 
months there will be a total of 8 testing sessions (2 sets of 4 sessions), each session lasting 
about 1 hour. Testing will coincide with exercise days after you start the programme. The 
study is summarised in the above diagram. 

 
What will I have to do before the measurements? 

a) Before the cardiovascular fitness and exercise tolerance test 
a. Avoid a lot of physical activity (e.g. running, playing sports) for 2-3 days. 
b. The night before the cardiovascular fitness testing, you should eat something 

light and get a good night’s sleep. 
c. The morning before the test, eat a light breakfast at least four hours before 

your visit to the testing venue. Don’t drink any alcohol or smoke for the same 
period of time. 

b) Do not change your usual diet or medication. 
c) On the day of the tests, come to the Henry Dunant Hospital Centre, at the agreed time 

and bring your trainers and clothes suitable for exercising. 
 

What are the benefits from this study? 
Possible personal benefits: People with rheumatoid arthritis have a significantly increased 
risk of heart disease. Based on the results from the World Health Organisation, heart disease 
is the leading cause of death and chronic obstructive pulmonary disease is being placed as 
third. In addition, physical inactivity has been identified as the fourth leading risk factor for 
global mortality. For most people, exercise is a very good way to prevent all the above. 
Completion of the exercise programme as part of this research, is very likely to result in 
improved fitness of the heart, lungs and functional ability, which may also benefit your 
overall arthritis. 

 
Your personal exercise-training programme, which is the first of its kind in Greece, will be 
constructed according to the latest scientific evidence and based on your individual needs by 
an experienced exercise physiologist. The training sessions will be held in Henry Dunant, at 

Pulmonary 
function 
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Cardiorespiratory 
fitness/exercise tolerance 
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fitness/exercise 
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(1 day) 

Function 
al 
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(1 day) 
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(3 days per week for 3 months) 
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al 
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(1 day) 
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A’ Pulmonary Departments Unit, where you will be given for free throughout all three 
months. During the entire study, the clinical exercise physiologist will always be available if 
you have any questions. 

 
General benefits: The information we will gather from all the people taking part, will help 
us understand much better some of the mechanisms that may be responsible for causing the 
heart, lungs and functional ability problems of people with rheumatoid arthritis. Even more 
importantly, it may help us to identify ways to reduce such problems. In the future we hope 
we will be able to apply this knowledge to many more people with rheumatoid arthritis. 

 
What are the risks? 

However helpful they may be, exercise programmes may also carry some risks. Cases of 
falls, injuries, heart complications (such as heart attacks), even death, have been reported 
while exercising on less than 1 in 10,000 occasions - this is about 6 times less likely than you 
being hit by a car in your everyday life. All necessary precautions for this are routinely taken 
to minimise such risks in Henry Dunant Hospital Centre. 

 
What happens if I do not want to take part or change my mind during the study? 
If you decide to participate, this is entirely of your own free will. If at any point and for any 
reason you do not want to carry on, you can stop. Your treatment does not depend on your 
participation in this study. 

 
What happens to the information? 
All information obtained from you will be kept strictly confidential. This information will be 
identified according to a code number known only to those directly involved with this 
project. We will also let your rheumatologist know of any problems that may be identified in 
the course of this study. 

 
Who else is taking part? 
Individuals with rheumatoid arthritis, irrespective of disease activity at the time of the 
measurement, and non-RA controls will be asked to participate. For each patient who agrees to 
have the exercise programme, there will be another, similar patient, called a control. The 
controls will not have any structured exercise, but we will give them relevant advice. They will 
have exactly the same assessments, at the same intervals, as those people who will exercise. To 
produce meaningful results, we need just over 12 individuals in each group. 

 
What if something goes wrong? 
If something goes wrong during testing or exercise sessions, we will stop immediately, and a 
doctor will examine you and act accordingly. If anything goes wrong with your treatment, 
this will be dealt with in the usual way being in a constant cooperation with your 
Rheumatologist. 

 
What happens at the end of the study? 
We will analyse the results and come to some conclusions. We hope to be able to present 
these at national and international conferences, scientific meetings and publish the results in 
scientific journals. Any such publication will not identify individuals, but will summarise the 
findings for the whole group of people who took part in the study. If you wish, we will send 
you a summary of our findings, and these will also be displayed in public areas of the Henry 
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Dunant Hospital Centre and also at the Hellenic League Against Rheumatism web site and 
social media. 

What if I have more questions or do not understand something? 
If you have any further questions, do not hesitate to ask the research assistant conducting the 
study (Panagiotis Vitalis). 

What happens now if I decide to take part? 
If you want to take part, please contact Mr. Panagiotis Vitalis [telephone number 
redacted] to make an appointment. 

This Information Sheet is yours to take home 
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Appendix C: Non-RA controls participants information sheet 

INFORMATION SHEET

Title of Research: 

Chief Investigator: 

Co-Investigators: 

Development and   evaluation   of   an   exercise   intervention 
programme to improve cardiac, pulmonary and functional 
responses in individuals with rheumatoid arthritis. 

Prof. George Metsios, BSc, MSc, PhD 

Research Institute in Healthcare Science 

University of Wolverhampton 

[telephone number redacted] 

Mr. Panagiotis Vitalis, MSc 

Research Institute in Healthcare Science 

University of Wolverhampton 

[telephone number redacted] 

Dr. Ian Lahart, MSc, PhD, PGCERT 

Research Institute in Healthcare Science 

University of Wolverhampton 

Prof. Yiannis Koutedakis 

Research Institute in Healthcare Science 

University of Wolverhampton 
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Hospital and university regulations require us to obtain signed consent for participation 
in research involving human subjects. After reading the statements below, please 
indicate your consent by signing the Consent Form. Introduction to the research and 
invitation to participate in our study 

You are invited to participate in our study, which investigates the benefits of exercise on the 
heart, lungs and functional ability of individuals with rheumatoid arthritis. Participation in the 
study is voluntary. You do not have to take part and you could withdraw from the study at 
any time if you do take part. 

 
 

What is the research about? 

Individuals with rheumatoid arthritis have an increased risk of developing heart problems. 
Exercise is generally accepted as the best way to minimise risk for heart disease (without 
using drugs). However, the potential effects of exercise on the cardiac-lung function of 
individuals with rheumatoid arthritis have never been studied. This is surprising, because 
long-term exercise is known to reduce the activity of the disease and improve the function of 
individuals with rheumatoid arthritis. The purpose of our study is to investigate the benefits 
of a three-month individualised exercise-training programme on the cardiac-pulmonary 
function and functional ability of individuals with rheumatoid arthritis. 

 
 

What will I have to do? 

You will be evaluated for your cardiac-pulmonary function, fitness level and functional 
ability. 

 
 

What do the assessments involve? 

Tests can be divided into four main groups: 

5. Cardiac function. 
6. Pulmonary function 
7. Cardiorespiratory fitness (i.e. the functional ability of the system consisted from your 

heart and lungs, resulting to your fitness level) and exercise tolerance (i.e. how much 
exercise you can take) evaluation. 

8. Functional ability tests (we will evaluate lower extremity function using tasks that 
mimic daily activities). 

5. Echocardiography (approximately 30 minutes) 
• We will ask you to be evaluated for a cardiac ultrasound scan from the specialised 

cardiologist, about your heart’s function. 
6. Pulmonary function panel (approximately 10 minutes) 

We will measure the pulmonary function and the respiratory muscle function through 
a compete battery of assessments at the A’ Pulmonary Department of Henry Dunant’s 
hospital. 

7. Cardiorespiratory fitness and exercise tolerance (approximately 45 minutes). 
• Demographics, disease activity (approximately 20 minutes): We will measure your 

weight and height. We will also assess the activity of your arthritis as we do in the 
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clinics, i.e. by gently squeezing your joints to feel whether they are swollen so you 
can tell us whether they are painful). In total, this will take about 5 minutes. 

• Exercise Tolerance test (total time: 20-25 minutes): This is a test that will help us 
see how your heart functions during exercise. It will also help us tailor the training 
programme to your own individual needs. A treadmill will be used for the test. A 
trained exercise physiologist will show you how to use this equipment. We will ask 
you to exercise using such equipment until you reach voluntary exhaustion (that 
means until you think you cannot do any more). At the beginning of the exercise, the 
effort you need to put in will be minimal, but as time passes, the effort needed will 
gradually increase. When you believe that you cannot go on any longer you should 
stop. Usually, this test lasts for 15-20 minutes. 

• Other measurements: During the exercise test 
described above, we will be monitoring your heart 
function by measuring your heart rate and blood 
pressure. We will also be measuring the amount of 
oxygen your body uses during exercise. For this 
measurement, we will place a mask (like the one shown 
in the picture) around your mouth and nose. This mask 
has a hole in the front where a little fan is attached. 
This fan measures how much air you breathe in and out 
and calculates the amount of oxygen you use during 
exercise. The mask will not prevent you from breathing 
freely. This is the most accurate set of tests for fitness 
people can have. 

8. Functional Ability (approximately 10 minutes). 
We will evaluate your functional ability through a simple procedure that is consisted 
from balance, gait speed and chair stand tests. 

 
 

What will I have to do before the measurements? 

d) Before the cardiovascular fitness and exercise tolerance test 
a. Avoid a lot of physical activity (e.g. running, playing sports) for 2-3 days. 
b. The night before the cardiovascular fitness testing, you should eat something 

light and get a good night’s sleep. 
c. The morning before the test, eat a light breakfast at least four hours before 

your visit to the testing venue. Don’t drink any alcohol or smoke for the same 
period of time. 

e) Do not change your usual diet or medication. 
f) On the day of the tests, come to the Henry Dunant Hospital Centre, at the agreed time 

and bring your trainers and clothes suitable for exercising. 
 

What are the benefits from this study? 

Possible personal benefits: Based on the results from the World Health Organisation, heart 
disease is the leading cause of death and chronic obstructive pulmonary disease is being 
placed as third. In addition, physical inactivity has been identified as the fourth leading risk 
factor for global mortality. Completion of the assessments as part of this research, is going to 
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give meaningful information for the function of the heart, lungs, fitness level and functional 
ability which may also benefit your overall wellbeing. 

 
 

The assessments will be conducted according to the latest scientific evidence and by an 
experienced team of clinicians. Important to note that given the research purpose of this 
study, equivalent methodology is not applied in the general clinical practise. 

 
 

General benefits: The information we will gather from all the people taking part, will help 
us understand much better some of the mechanisms that may be responsible for causing the 
heart, lungs and functional ability problems of people with rheumatoid arthritis. Even more 
importantly, it may help us to identify ways to reduce such problems. 

What are the risks? 

However helpful they may be, exercise programmes may also carry some risks. Cases of 
falls, injuries, heart complications (such as heart attacks), even death, have been reported 
while exercising on less than 1 in 10,000 occasions - this is about 6 times less likely than you 
being hit by a car in your everyday life. All necessary precautions for this are routinely taken 
to minimise such risks in Henry Dunant Hospital Centre. 

What happens if I do not want to take part or change my mind during the study? 

If you decide to participate, this is entirely of your own free will. If at any point and for any 
reason you do not want to carry on, you can stop. 

What happens to the information? 

All information obtained from you will be kept strictly confidential. This information will be 
identified according to a code number known only to those directly involved with this 
project. 

Who else is taking part? 

Individuals with rheumatoid arthritis, irrespective of disease activity at the time of  the 
measurement, and non-RA controls will be asked to participate. 

What if something goes wrong? 

If something goes wrong during testing or exercise sessions, we will stop immediately and a 
doctor will examine you and act accordingly. 

What happens at the end of the study? 

We will analyse the results and come to some conclusions. We hope to be able to present 
these at national and international conferences, scientific meetings and publish the results in 
scientific journals. Any such publication will not identify individuals, but will summarise the 
findings for the whole group of people who took part in the study. If you wish, we will send 
you a summary of our findings, and these will also be displayed in public areas of the Henry 
Dunant Hospital Centre and also at the Hellenic League Against Rheumatism web site and 
social media. 



225 

What if I have more questions or do not understand something? 

If you have any further questions, do not hesitate to ask the research assistant conducting the 
study (Panagiotis Vitalis). 

What happens now if I decide to take part? 

If you want to take part, please contact Mr. Panagiotis Vitalis [telephone number 
redacted] to make an appointment. 

This Information Sheet is yours to take home 
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Appendix D: Participants consent form 

Title of research: 

Chief Investigator: 

Co-Investigators: 

Development and evaluation of an exercise intervention 
programme to improve cardiac, pulmonary and functional 
responses in patients with rheumatoid arthritis. 

Prof. George Metsios, BSc, MSc, PhD 
Research Institute in Healthcare Science 
University of Wolverhampton 
[telephone number redacted] 

Mr. Panagiotis Vitalis, MSc 
Research Institute in Healthcare Science 
University of Wolverhampton 
[telephone number redacted]

Dr. Ian Lahart, MSc, PhD, PGCERT 
Research Institute in Healthcare Science 
University of Wolverhampton 

Prof. Yiannis Koutedakis 
Research Institute in Healthcare Science 
University of Wolverhampton 

I certify that I have read and understand the statement of procedure described 
in the Information Sheet and agree to participate as a subject in the research 
described therein. I understand that I may discontinue participation at any time 
without penalty or loss of any benefit to which I might otherwise be entitled. I 
certify that I am at least eighteen years of age and agree my exam results to be 
used for scientific reasons. 

/ / 
Print Your Name Here Sign Here Date 

/ / 
Name of Witness Signature of Witness Date 

A copy of this Consent Form will be made for you to take home 
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Appendix E: Study advertisement 

Recruitment Advertisement 

Title of Research: Development and   evaluation   of   an   exercise   intervention 
programme to improve cardiac, pulmonary and functional 
responses in individuals with rheumatoid arthritis. 

Chief Investigator: 

Co-Investigators: 

Prof. George Metsios, BSc, MSc, PhD 
Research Institute in Healthcare 
Science University of Wolverhampton 
[telephone number redacted]

Mr. Panagiotis Vitalis, MSc 
Research Institute in Healthcare Science 
University of Wolverhampton 
[telephone number redacted] 

Mr. George S. Metsios, MSc Research 
Institute in Healthcare Science 
University of Wolverhampton 
[telephone number redacted] 

Dr. Ian Lahart, MSc, PhD, PGCERT 
Research Institute in Healthcare 
Science University of Wolverhampton 

Prof. Yiannis Koutedakis 
Research Institute in Healthcare Science 
University of Wolverhampton 

Our Study 
You are invited to participate in our study investigating the benefits of structured exercise 
training on the cardiac-pulmonary function and functional ability in individuals with 
rheumatoid arthritis. Participation in the study is voluntary. You do not have to take part and 
your future treatment or care will not be affected by your decision. Additionally, you can 
withdraw from the study at any point. 

What Do I Need To Do? 
If you want to take part please contact Mr. Panagiotis Vitalis (6974065749) to make an 
appointment. We will make an appointment at a convenient time for you in order to provide 
you with more information about the study. 
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Appendix F: CPET with a verification phase assessment form 
 

Exercise Test Data Recording Form 

Patient Information Site: 

Name: Phy 
sicia 
n: 

Age: 
 

Test Date: 

Test Protocol: Modified Bruce 

DOB: SSN 
: 

Tec 
hnic 
ian: 

 
 

Ex. Echo 

 
 
 

Test Limiting Conditions: 
(e.g. Arthritis, Pulmonary, Orthopedic, 
CNS, Neuromuscular. Deconditioned, 
Obesity) 

 
(Indicate Time, TM Speed/Grade Below) 

EXERCISE TEST 

CPX  
 

Chest Pain: 
Type:1=Definite/Typical ANGINA 

2=Probable/Atypical ANGINA 
3=Non-Cardiac Chest Pain 

Intensity: 1= (low) - 10 = (severe) 
Suspected Diseases: 

 
 

Unexplained exertional dyspnea 
 

Heart Failure (HF) 
Hypertrophic cardiomyapathy (HCM) 
Pulmonary arterial hypertension (PAH) 
Chronic obstructive pulmonary disease 
Interstitial lung disease (ILD) 
Mitochondrial myopathy 
Myochardial ischaemia 

 
 
 
 
 
 
 
 
 

 
 

1ST min: 

2nd min: 

RECOVERY 
HR BP PE 

Others: 

 

 

 

 

 

 

 

 

Exercise Time Est. METs Speed GRA 
DE 

HR BP  PE 

Standing:        

02:30 2 2,7 0%     

05:30 3 2,7 5%     

08:30 4 2,7 10%     

11:30 7,7 4 12%     

14:30 10.9 5,4 14%     

17:30 14,4 6,7 16%     

20:30 18.3 8 18%     

23:30 22,3 8,8 20%     

02:30 24,5 9,6 22%     

ΜΑΧ EXERCISE        

Time:   Pred: 
Actual: 
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3rd min: 

4 min: 

 
5 min: 

Notes: 

 
Resting: 
1ST min - 50%: 

 
2ND min - 50% 

3RD min - 70% 

4TH min - 105% 

5TH min 

6TH min 

7TH min 

8TH min 

9th min 

10th min 

11th min 

12th min 

 
 
 
 
 
 
 
 

VERIFICATION PHASE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Key CPET variables 

Reason(s) to END TEST 
 

Normal endpoint: Reached target/fatigue 

Shortness of breath was the main reason 

Angina 
Other Chest Pain 
Patient Uncooperative 
Dyspnea 
Leg Fatigue 
Claudicatio 
Other Leg Pain 
Arm Pain 
Jaw Pain 
CNS Symptoms 
Sub-MAX Target 
ST Changes 
Dysrthythmias 
Technical Difficulties 

 

VALIDATION MAX EXERCISE 
 

Time: Speed: Grade: 

PE (Borg): 

1st min HR: BP: PE: 
 

2nd min HR: BP: PE: 
Peak VO2: 

 
Class: A B 

C D 
 

EOV 
YES NO 

VO2 Plateau: 

YES NO 

 
Resting 

PETCO2(mmHg): 

VO2 at VT: 
 
 
 

Peak RER 

VE/VCO2(l/ 
min) slope: 
Class: I 
II III 
IV 

Peak 
VE/VO2(l/m 

in): 

 
3RD min HR: 

4th min HR: 

5TH min HR: 

 
BP: 

 
BP: 

 
BP: 

 
PE: 

 
PE: 

 
PE: 

>33 <33 <40 50 Reasons for terminating the Validation 
Phase: 

VE/MVV(l/min) FEV1 reduction 
(<15%) 

PEF reduction 
(<15%) 

Spo2 (<5% 
decrease) 

<0,80 
>0,80 

Pre Post Pre Post Pre(> 
95%) 

Post  
 

Exercise Time 
Chest Pain 
Resolved: 

 
 

mm : ss 
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Appendix G: Cardiac ultrasound scan assessment form 
 
 

Ultrasound assessment 
 
Resting echo Stress echo 

Name: Age Height Weight Medication 

Resting ECG:  
Resting heart rate (HR): Resting Blood Pressure (BP): 

Evaluation M-MODE, 2D AT REST 

VARIABLES NORMAL 
VALUES 

ACTUAL 
VALUES 

COMMENTS 

Left Ventricular End Diastolic 
Diameter - LVEDD 

36-55mm   

Left Ventricular End Systolic 
Diameter - LVESD 

25-40mm   

Ejection Fraction (Simpson’s) - EF 55-75%   

Interventricular Septal End Diastole - 
IVSd 

6-11mm   

Left ventricular posterior wall end 
diastole - LVPWD 

6-11mm   

Right Ventricular End Diastolic 
Diameter - RVEDD 

25-41mm   

Left Atrium - LA 19-40mm   

Aortic Room Diameter- A0 20-37mm   

Left Ventricular 

Size: Contractility: 

Normal  Normal 

Abnormal Abnormal 

Notes: 

GLPS average 
(GLPS-Avg) 

GLPS of apical 
four chamber 

view 
(GLPS-A4C) 

GLPS of 
apical two 
chamber 

view 
(GLPS- 
A2C) 

GLPS of apical 
long axis view 
(GLPS-LAX) 

Left Atrium  
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Right Ventricular  

Right Atrium  

Interventricular septal  

Aortic valve  

Mitral valve E-wave= E/A= DT: 
 
A-wave= E/ε’= IVRT: 

Pulmonary valve  

Tricuspid valve  

Pericardial fluid collection  

Conclusion  
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Appendix H: Exercise adherence form 
 
 

 
EXERCISE FACT SHEET 

HR Target: beats 

Name: Date Day Week Starting Notes 
Borg Scale: 
Pain Scale: 

Exercises 
 Treadmill 

Speed: 
Grade: 

Arm Ergometer 
Resistance: 
Cadence: 

Cycle Ergometer 
Resistance: 
Cadence: 

Time 
(min) 

Pred. 
HR 

Actual 
HR 

Notes Pred. 
HR 

Actual 
HR 

Notes Pred. 
HR 

Actual 
HR 

Notes 

0-2          

2-3          

3-4       

4-5          

5-6          

6-7       

7-8          

8-9          

9-10       

10-11          

11-12          

12-13       

13-15          
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Appendix I: Rate of perceived exertion (Borg) Scale 
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Appendix J: Pain Scale 
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Appendix K: DAS28 
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