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Abstract 

Rheumatoid arthritis (RA) is a systemic and inflammatory disease 

that has been associated with an increased morbidity and mortality in 

cardiovascular disease (CVD). Low aerobic capacity is one of the 

strongest independent risk factors for CVD and all-cause mortality in 

the general population. In patients with longstanding RA, low aerobic 

capacity has been related with a worse cardiovascular profile and an 

increased risk of CVD mortality. As a consequence of this, low aerobic 

capacity might provide an additional risk factor for CVD in patients 

with RA. The aim of this thesis was to describe the associations 

between aerobic capacity and risk factors for CVD as well as disease 

activity in patients with early RA, and also the effects of intensive 

exercise therapy on traditional risk factors for CVD and disease 

activity in patients with longstanding RA. 

Paper I, a cross-sectional study including 67 patients with early 

RA, mean (SD) age 53.1 (14.4), assessments of aerobic capacity, 

CVD risk factors, disease activity and functional ability were taken. 

Data were analysed for the associations between aerobic capacity 

and CVD risk factors and disease activity. In paper II, an 

intervention study, including 13 patients with RA, median age 

(Q1-Q3) 57 (44-64) years, aerobic capacity, pulse wave analysis 

(PWA), CVD risk factors, and disease activity were analysed for 

changes after 10 weeks of intensive exercise therapy. Additional 

follow-up was made after 25 weeks. 

In paper I, the mean (SD) aerobic capacity was 31.6 (8.7) ml 

O2/kg/min. CVD risk factors and disease activity were all in favour 

of patients with higher aerobic capacity. In a multiple regression 

model, adjusted for age and sex, aerobic capacity was significantly 

associated with percent body fat (β=-0.502, 95%CI=-0.671;-

0.333) and triglycerides (β=-2.365, 95%CI=-4.252;-0.479). In 

paper II, intensive exercise over ten weeks was shown to be a 

feasible method to significantly improve aerobic capacity 

(p=≤0.05), systolic blood pressure (p=≤0.01) and the number of 

tender joints (p=≤0.05). No detrimental effect on disease activity 

was recorded. 

This thesis adds further knowledge of aerobic capacity and its 

associations with CVD risk factors and disease activity in patients 

with RA. Also, intensive exercise therapy was a feasible 

intervention to improve CVD risk factors. To include assessment of 

aerobic capacity in regular clinical practice may improve patient 

management as well as patient outcome in patients with RA. 
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Abbreviations 

ACC/AHA=American college of cardiology/American heart association 

ACPA=anti citrullinated protein antibody 

ACR=American College of Rheumatism 

ACS=acute coronary syndrome 

CHD=coronary heart disease 

CHF=congestive heart failure 

cIMT=carotid intima-media thickness 

CV=cardiovascular 

CVA=cerebro-vascular accident 

CRP=C-reactive protein 

CVD=cardiovascular disease 

DAS 28=disease activity score 28 

DBP=diastolic blood pressure 

DMARD=disease modifying anti rheumatic drug 

DXA=dual energy X-ray absorptiometry 

ERS-RA=expanded risk score-rheumatoid arthritis 

ESR=erythrocyte sedimentation rate 

EULAR=European League Against Rheumatism 

FRS=Framingham risk score 

HAQ=health assessment questionnaire 

HDL=high density lipoprotein 

HUNT=Nord Tröndelag health study 
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HR=heart rate 

LDL=low density lipoprotein, MET=metabolic equivalent task 

MET=metabolic equivalent task 

MI=myocardial infarction 

NSAID=non-steroidal anti-inflammatory drug 

PWA=pulse wave analysis 

PWV=pulse wave velocity 

QRisk II=cardiovascular disease risk score II 

RA=rheumatoid arthritis 

RF=rheumatoid factor 

RPE=rating of perceived exertion 

RPM=revolutions per minute 

SBP=systolic blood pressure 

SBPao=systolic blood pressure aorta 

SCORE=systematic coronary risk evaluation 

TNF=tumor necrosis factor 

VAS=visual analogue scale 

VO2 max=maximal oxygen uptake 
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Enkel sammanfattning på svenska  

Bakgrund 

Reumatoid artrit (RA, ledgångsreumatism) är en kronisk 

inflammatorisk sjukdom som i första hand angriper leder, men kan 

även påverka inre organ. Typiska symptom är ledsvullnad, smärta, 

morgonstelhet och nedsatt funktion i lederna. Patienter med RA har 

visat sig ha en ökad risk att insjukna i och avlida i hjärt- och 

kärlsjukdom. I den allmänna befolkningen har låg 

syreupptagningsförmåga (kondition) visat sig vara en av de starkaste 

riskfaktorerna för att insjukna i eller att avlida i hjärt- och 

kärlsjukdom. Tidigare studier har visat att patienter med RA kan ha 

låg kondition vilket kan utgöra en riskfaktor för hjärt- och 

kärlsjukdom även vid RA. 

Syfte 

Syftet med denna avhandling var att beskriva sambanden mellan 

kondition och riskfaktorer för hjärt- och kärlsjukdom och 

sjukdomsaktivitet. Ett annat syfte var att studera hur intensiv 

cykelträning påverkar kondition, traditionella riskfaktorer och 

sjukdomsaktivitet hos patienter med RA. 

Metod 

Studie I är en tvärsnittsstudie, bestånde av 67 patienter med tidig 

RA, som hade en medelålder på 53 år. De undersöktes avseende; 

kondition, riskfaktorer för hjärt- och kärlsjukdom och 

sjukdomsaktivitet för att analysera samband mellan dessa. Studie II 

är en träningsstudie, bestående av 13 patienter med RA, med en 

medianålder på 57 år. Kondition, riskfaktorer för hjärt- och 

kärlsjukdom och sjukdomsaktivitet analyserades för att se 

förändringar efter tio veckors intensiv cykelträning samt vid en 

uppföljning efter 25 veckor. 

Resultat 

I studie I visade den studerade gruppen ett konditionsmedelvärde på 

31.6 mL. Sambandsanalyser visade att högre kondition var relaterad 

till lägre grad av riskfaktorer för hjärt- och kärlsjukdom, samt lägre  
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10 års risk för hjärt- och kärlsjukdom och sjukdomsaktivitet. I studie 

II fann vi att tio veckors intensiv cykelträning kan vara en användbar 

metod för att förbättra kondition, blodtryck och antalet ömma leder. 

Ingen ökad sjukdomsaktivitet noterades. 

Slutsatser 

Dessa studier bidrar med kunskap om samband mellan kondition och 

riskfaktorer för hjärt- och kärlsjukdom samt sjukdomsaktiviteten hos 

patienter med RA. De visar också att intensiv cykelträning kan vara 

en effektiv metod att förbättra kondition och blodtryck hos patienter 

med RA.  



 

viii 

Original papers 

This thesis is based on the following papers, referred to in the text by 

their roman numerals I-II. 

I. Ångström L, Hörnberg K, Sundström B, Wållberg-Jonsson S, 

Södergren A. Aerobic capacity is associtated with 

cardiovascular risk factors and disease activity in early 

rheumatoid arthritis-a cross sectional study. Submitted. 

II. Hörnberg K, Ångström L, Wållberg-Jonsson S. Benefits of 

spinning exercise on cardiovascular risk factors in 

rheumatoid arthritis – a pilot study. Cardiopulmonary 

Physical Therapy Journal 2014; 25(3):68-74. 

               Authors KH and LÅ contributed equally in paper II. 

 

 

Reprint of paper II was made with the kind permission of the publisher. 

 



 

1 

Introduction 

Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune 

disease with a prevalence of 0.5-1% in adult populations worldwide 

(1). The disease is more prevalent in northern Europe and North 

America than rural parts of the world, which might indicate 

environmental and genetic differences (2). The incidence in different 

populations is 5-50 per 100.000 persons and year (1). In Sweden the 

overall incidence is 41 per 100.000 persons and year, 56 for women 

and 25 for men, with peaks in age-groups between 70-79 years (3). 

After menopause, the incidence for women is almost equal to men. 

Data indicates lower incidence rates in the recent decades (2). The 

disease can take its debut acute or sub-acute. The most typical 

clinical symptoms are pain, soft swellings in joints of the hands and 

feet, morning stiffness, soreness and disease-related fatigue (4). The 

cost for society is considerable, in 2014, the estimated total cost for 

RA in Sweden was 4.2 billions, SEK (5). 

Pathogenesis and risk factors 

Rheumatoid arthritis is a systemic and auto-immune disease (4). 

Auto-antibodies such as rheumatoid factor (RF) and anti-citrullinated 

protein anti-bodies (ACPA) are associated with a more severe disease 

(1). The presence of antibodies often precedes disease onset with 1-

10 years (6, 7). Rheumatoid arthritis starts with an inflammatory 

process which involves leukocytes, cytokines and prostaglandins, 

which causes synovial inflammation and joint destruction (7). The 

etiology behind RA is unclear. A combination of genetic and 

environmental factors is suggested. Approximately 50% of the risk 

ofdeveloping RA is genetic, but age and sex are also important risk 

factors (2). Smoking might be the most important environmental 

factor and is predominantly associated with seropositive RA (2), and 
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doubles the risk for developing RA in men, and by 30% in women (8). 

Peridontitis and microbes of the mouth, gut, lungs and viral infections 

are also suggested to be risk factors for a more severe disease (7). 

Other potential risk factors are hormonal and dietary factors, and low 

socioeconomic status (1). Physical activity has recently been shown 

to decrease the relative risk of developing RA with up to 35% (9). All 

risk factors might interact years before onset of the disease.  

Diagnosis 

Diagnosis of RA is based on classification criteria developed by the 

American College of Rheumatology (ACR) and the European League 

Against Rheumatism (EULAR). The 1987 criteria (10), (Table 1), was 

criticized for poor specificity and sensitivity in early RA (11), and in 

2010, the revised classification criteria were introduced (12) (Table 

2). 

Table 1. The 1987 criteria from the American college of rheumatology for the diagnosis 

of rheumatoid arthritis (10). 

1. Morning stiffness (at least 1h) 

2. Arthritis of three or more joint areas 

3. Arthritis of hand joints (≥1 swollen joints) 

4. Symmetrical arthritis 

5. Rheumatoid nodules 

6 Serum rheumatoid factor 

7. Radiographic changes (erosions) 

Four out of seven criteria must be present. Criteria 1–4 must have been present for 

at least 6 weeks. 
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Table 2. The American College of Rheumatism (ACR) / The European League against 

Rheumatism (EULAR) 2010 criteria for the classification of rheumatoid arthritis (12).  

1. Joint involvement (0–5) 

One medium-to-large joint (0) 

Two to ten medium-to-large joints (1) 

One to three small joints (large joints not counted) (2) 

Four to ten small joints (large joints not counted) (3) 

More than ten joints (at least one small joint) (5) 

2. Serology (0–3) 

Negative RF and negative ACPA (0) 

Low positive RF or low positive ACPA (2) 

High positive RF or high positive ACPA (3) 

3. Acute-phase reactants (0–1) 

Normal CRP and normal ESR (0) 

Abnormal CRP or abnormal ESR (1) 

4. Duration of symptoms (0–1) 

Less than 6 weeks (0) 

6 weeks or more (1) 

The classification of rheumatoid arthritis requires presence of at least one clinically 
swollen joint, and absence of alternative diagnosis. Points are shown in parentheses. 
Cut-point for rheumatoid arthritis is six points or more. Patients can also be 
classified as having rheumatoid arthritis if they have: (a) typical erosions; (b) long-
standing disease previously satisfying the classification criteria. 

 

Treatment 

The goal of treatment is remission, i.e. no clinical sign of arthritis, or 

at least low disease activity within six months after diagnosis. Disease 

modifying anti-rheumatic drugs (DMARDs) should be used according 

to EULAR recommendations as early as possible, even if the 

classifation criteria of RA are not fulfilled (13). Glucocorticoids are 

often used in combination with DMARDs, primarily in early RA with 

high disease activity. In cases where response to therapy is low, 

biological agents are recommended. Non-steroidal anti-inflammatory 

drugs (NSAIDs) are used to reduce the patient´s pain and stiffness 

(4). For those patients who have symptoms and functional 

limitations, adequate rehabilitation is motivated. Patients with RA 

should also be encouraged to be physically active and exercise in 
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order to improve and maintain their physical health as well as reduce 

the increased risk of co-morbidity in CVD (14, 15).  

Prognosis of rheumatoid arthritis  

A combination of better conventional and biological agents has led to 

a less severe disease and falling mortality rates (2). Nevertheless, RA 

leads to a number of consequences, a decline in functional ability and 

quality of life, co-morbidities (7) and work disability (16). The 

prediction of outcome is difficult to make in individual cases, but 

negative factors of importance for the outcome are: female sex, older 

age at onset, smoking, late treatment with DMARDs and the presence 

of auto-antibodies (2). Rheumatoid arhritis is a chronic disease, but a 

substantial number, over 50%, of patients will be in remission with 

modern therapy. However, 20-25% will not reach treatment goals 

(7). 

Co-morbidity in rheumatoid arthritis 

Co-morbidity is an expression of one or more additional diseases 

present along with the rheumatic disease. In comparison with the 

general population, patients with RA suffer from a 50% increased risk 

of CVD, and approximately a 50% increased mortality risk in CVD 

(17-19). Different forms of cancer, infections, depression, 

osteoporosis and diabetes are also more prevalent in RA (4, 17, 20). 

Cardiovascular disease 

Atherosclerotic CVD, including MI, stroke and peripheral artery 

disease, is the leading mortality cause in the general population 

globally (21). Endothelial dysfunction is regarded as an early sign of 

atherosclerosis. Atherosclerosis mostly affects the innermost layer of 

the arteries, the intima, which consists of endothelial cells. Initially, 

lipids accumulates between the endothelial cells, macrofages engulf 
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lipids and burst, foam cells are produced. An increasing fibrosis 

occurs and eventually a plaque is formed (21). The entire arterial 

wall, the media and adventitia included, is likely to be affected by this 

process if proper treatment is not initiated. Atherosclerosis is most 

prevalent in the aorta and in the coronary, carotid, iliac and femoral 

arteries. Areas around the arteries´ bifurcations are particularly 

vulnerable. The disease develops during the whole life-span, and 

might be without symptoms. In more severe cases, restrictions in 

blood flow can lead to ischemic symptoms, with considerable 

disability or premature death as a consequence (21). 

Cardiovascular disease in rheumatoid arthritis 

In 1997, Wållberg-Jonsson, et al, found that CVD mortality was 

increased by 46%, compared to the general population (17). Similar 

findings were reported in a meta-analysis of more than 111 000 

patients with RA (18). Another meta-analysis investigated the 

incidence of cardiovascular events in RA. This study reported that 

patients with RA had a 48% increased risk of incident CVD and a 

68%, 41% and 87% increased risk of myocardial infarction (MI), 

cerebro-vascular accident (CVA) and congestive heart failure (CHF), 

respectively, when compared to the general population (19). Patients 

with seropositive RA also suffer from an increased incidence of stroke 

and an impaired prognosis, compared to the general population (22). 

A recent cohort study on more than 15.000 patients with early RA, 

concluded that absolute risks have decreased, as have in the general 

population, while the increased risk of 40% for acute coronary 

syndrome (ACS) remains the same (23). Rheumatoid arthritis has 

been associated with the same risk of MI as diabetes mellitus, equal 

to the risk in non-RA subjects 10 years older (24) 
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Risk factors for cardiovascular disease in rheumatoid arthritis  

A risk factor is a variable associated with an increased risk of 

suffering from a disease. Modifiable traditional risk factors for CVD in 

the general population are hypertension, dyslipidemia, obesity, 

smoking and physical inactivity, while non-modifiable risk factors are 

high age, male sex and heritage. Hypertension was reported to be 

associated with CVD events in patients with RA (25, 26). In a large 

study on >24000 patients, the mortality risk was studied. 

Paradoxically, high BMI was associated with low CVD mortality risk, 

but also an increased risk of other co-morbidities, such as joint 

replacements, pain and quality of life (27). In a large international 

cohort of more than 5600 individuals with RA (28), Crowson and co-

workers studied the population attributable risk, i.e., the number of 

CVD events in a population that would have been avoided if a specific 

risk factor had been absent. Thirty percent of CVD events were 

attributable to RA characteristics, such as DAS 28 and seropositivity. 

Seventy percent were a combination of all CVD risk factors and RA 

characteristics. All CVD risk factors combined, accounted for 

approximately 50% of all 10-year CVD event risk. Smoking, 

hypertension and total cholesterol had the highest attributable risks 

of all CVD risk factors (28). Aerobic capacity or physical activity data 

were not present in that analysis. 

Systemic inflammation contributes to CVD risk in RA , and plays an 

active role in the development of atherosclerosis (29). Markers of 

inflammation, such as erythrocyte sedimentation rate (ESR) and C-

Reactive protein (CRP) seem to potentiate the atherosclerotic process 

(25). 

Corticosteroids are associated with an increased risk of CVD (30). 

However, they are also known to reduce inflammation, and therefore 
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have the potential of lowering CVD risk. With regard to the effect on 

cardiovascular risk factors, studies conclude that all NSAIDs and 

coxibs should be prescribed with caution to patients with increased 

cardiovascular risk (30, 31). Also, the EULAR recommends to use 

NSAIDs with caution, and the lowest possible dosage of 

corticosteroids (13).  

There is no longitudinal study in RA investigating associations 

between aerobic capacity and increased risk of morbidity and 

mortality in CVD. A cross-sectional study by Metsios et al, reported 

associations between low aerobic capacity and a worse CVD risk 

profile, in a cohort of patients with longstanding RA (32). 

Stavropoulos-Kalinoglou, et al, reported individualized exercise to be 

successful in improving aerobic capacity, individual CVD risk factors, 

composite CVD risk as well as disease activity and severity in patients 

with RA (33). Also, a study by Hörnberg, et al (34), reported 

associations between aerobic capacity at onset of RA, and CVD risk 

factors 16 years later. It is possible that low aerobic capacity is a risk 

factor for CVD also in RA. 

Surrogate measurements of atherosclerosis  

Atherosclerosis refers to the build-up of blood lipids in the artery 

walls, which causes thickening of the vessel wall. Signs of an 

accelerated atherosclerosis have been found in early RA as well as in 

longstanding RA (35). Several validated methods to assess sub-

clinical atherosclerosis non-invasively are available. The carotid 

arteries are accessible for assessment by ultrasound. In RA, carotid 

intima–media thickness (cIMT) has become the most commonly used 

surrogate measure of subclinical atherosclerosis. The combined 

thickness of the intimal and medial layers of the arterial wall 

constitute the cIMT. Values above 0.9 mm are regarded as abnormal 
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(36) and a value >75 th percentile of reference values indicates an 

increased CVD risk (37). Yet another method to assess subclinical 

atherosclerosis is the pulse wave analysis (PWA), where the standard 

indicator of arterial stiffness is the pulse wave velocity (PWV). A 

higher PWV refers to an increased stiffness in large arteries. This 

technique is based on the systolic pressure wave travelling through 

the branches of the arteries. The distance between the sternal notch 

and the symphysis is used for calculation of PWV in the aorta. Values 

of > 10 m/s, is associated with an increased risk of CVD, independent 

of age (38). The risk of major CV events increases by approximately 

14% with 1 m/s increase in PWV (39). In all, cIMT and PWV are both 

predictors of future CVD events in patients with RA (40).  

Assessment of body composition 

Body composition relates to the amount of different tissues like bone, 

fat and muscle in the whole body, and can be measured by Dual 

Energy X-ray absorptiometry (DXA). In DXA, small amounts of X-ray 

produce a body image. Two energy levels are absorbed differently by 

bone, muscle and fat tissue, and the amount of these tissues are 

based on the different absorptions. Reference values for percent body 

fat in the Swedish general population aged 20-75 years are 

approximately 34% and 24% for women and men, respectively (41). 

The level for an increased risk of CVD for women aged ≥60 years is 

>35%. The corresponding figure for men is >25% (42). Waist 

circumference (WC) provides a simple assessment of central obesity, 

which is predictive of CVD events. The level of an increased risk in 

women are >88 cm, and in men >102 cm (43). 

Assessment of cardiovascular disease risk 

Cardiovascular risk scores are used to estimate the risk of CVD 

events in individuals during a specified time period, most typically a 
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10 year period. They include combinations of traditional risk factors, 

but also variables such as CRP, RA disease, parental history of CVD, 

renal disease, socio-economic background and the use of 

corticosteroids, statins and anti-hypertensive treatment, however not 

with one exception, aerobic capacity. Risk estimations may vary 

highly in relation to age, sex and race. Patients with the same 

traditional risk factors for CVD, such as hypertension, may present a 

different 10-year risk of CVD, as a result of this. Assessment of CVD 

risk in patients with RA is recommended on a regular basis by the 

EULAR (15). Frequently used risk scores like the Systematic Coronary 

Risk Evaluation (SCORE)(44), the Framingham risk score (FRS) (45), 

the American college of cardiology/American heart association 

(ACC/AHA) calculator (46), the Reynolds score (47) and the Lifetime 

risk tool (48), are developed for use in the general population. More 

recently, RA-specific risk tools, such as the expanded risk score (ERS-

RA) (49), the QRisk II (50) and the EULAR 1.5 (15) multiplier for 

SCORE, have been developed. 

Aerobic capacity 

Aerobic capacity is related to the integrated function of the 

pulmonary, cardiac, vascular and muscular systems, and might serve 

as composite marker of general body health (51). Maximal aerobic 

capacity is typically expressed relative to bodyweight in millilitre (mL) 

oxygen (O2) /kilogram (kg) /minute (min), which makes comparisons 

between individuals of different body mass possible. Absolute aerobic 

capacity is expressed in Litre (L) O2/min. Synonyms frequently used 

are cardiorespiratory fitness (CRF), maximal oxygen uptake (VO2 

max) and aerobic fitness. Metabolic equivalent task (MET) is an 

expression of physical capacity defined as the amount of oxygen 

consumed while sitting at rest and is equal to 3.5 mL O2/ kg/ min. 

Normally, men have higher aerobic capacity than women due to a 
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larger blood and heart stroke volume, higher levels of hemoglobin 

and greater muscle mass. The difference between men and women is 

approximately 6-8 mL O2/kg/min (52). Aerobic capacity may vary 

from as low as 10 mL/kg/min in patients with chronic diseases, up to 

80-90 mL/kg/min in highly trained individuals (51). Over time, there 

is a reduction of aerobic capacity from 5% per decade at young age, 

up to 20% per decade at high age. There is no consensus regarding 

optimal aerobic capacity to reduce CVD risk. However, in a meta-

analysis of aerobic capacity on >100.000 individuals, values > 28 mL 

O2/kg/min, was reported to be associated with a substantially 

reduced risk of all-cause mortality as well as coronary heart disease 

(CHD) and CVD events (53). 

Evaluation of aerobic capacity.  

Testing for maximal oxygen uptake (VO2 max), with a progressive 

increase of test load until exhaustion, is accepted as the most precise 

measurement of aerobic capacity. Theoretically, a maximal test is 

determined by a choice of different criteria: a respiratory exchange 

ratio of >1.10 (CO2/˙VO2), a blood lactate of >8-10 mmol/L, >90% 

of maximal heart rate (HR) or <10 beats/min from the estimated 

maximal HR (220-age). Rating of at least 18 units on the Borg scale 

of exertion may also indicate maximal effort (54). However, in 

patients with chronic diseases a maximal effort can be hard to reach 

due to personal motivation, pain and the tester´s ability to push 

against exhaustion and a sub-maximal test might therefore be the 

test of choice.  

The Åstrand bicycle ergometer test (55), is one of the most 

frequently used submaximal tests. It is based on the assumption of a 

linear relationship between heart rate, oxygen consumption and 

mechanical load. Normally a test lasts for six minutes, and is 
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terminated when steady state HR is reached. The test is corrected for 

age, sex and work load, and has shown to be valid in the general 

population (56, 57), as well as in patients with RA (58). The strongest 

limitation of this test is on an individual level, due to the variation in 

maximal heart rate of each individual being approximately 10-15 

beats per minute at one standard deviation (59). Consequently, 

individuals who have a relatively high maximum HR are 

underestimated, and individuals who have a relatively low maximum 

HR are overestimated regarding aerobic capacity. The recently 

developed HUNT formula, 211-0.64 × age (60), might predict 

maximal heart rate according to age better, and improves the validity 

of the test in patients with RA (58). Patients subscribed beta-blocking 

agents will respond differently during the test with regard to heart 

rate, compared with non-users, and are not included in this thesis. 

Sub-maximal testing can also be performed by walking (61), or 

stepping (62). Differences have been reported between tests 

performed on treadmills and bicycles, with lower values noted on 

bicycles (51). 

Aerobic capacity in the general population 

There is strong evidence in the general population for the association 

between aerobic capacity and atherosclerosis (63-65), body 

composition (66, 67), CVD mortality risk (53, 68-70), markers of 

inflammation (71, 72), diabetes type 2 (73-75), and the risk of 

disability (76). Low aerobic capacity might even be a stronger risk 

factor for CVD and all-cause mortality than hypertension, obesity, 

smoking and hyperlipidemia (51, 70). Large meta-analyses and 

epidemiological studies have described aerobic capacity in relation to 

increased survival. For each MET improvement, the mortality risk was 

reduced with 12-21% (53, 69, 70). From a population preventive 

perspective, a meta-analysis on more than 100 000 individuals by 
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Kodama et al (53), individuals with less than 8 METS had markedly 

higher risk of all-cause and CHD/CVD mortality compared to those 

with >8 METS. A study on more than 4600 individuals, reported that 

women below 35 mL O2 kg/min, and men below 44 mL O2 kg/min 

were five and eight times more likely to have a cluster of 

cardiovascular risk factors, respectively, than those in the quartile 

with the highest aerobic capacity (77) . Longitudinal studies have 

examined the impact of changes in aerobic capacity over time on 

mortality risk for men in the general population (78-81). It has been 

reported that each mL O2 kg/min increase in aerobic capacity was 

associated with 9% reduction of relative risk for all-cause mortality 

(81), while each MET improvement reduced risk for CVD mortality 

with 19% (80). Blair, et al, studied the attributable fractions of 

different CVD risk factors on mortality in more than 40.000 men and 

women. Low aerobic capacity accounted for about 16% of all 

mortality in men and women, obesity by 3%, smoking by 8%, high 

cholesterol by 2-4%, diabetes by 2-4%, and hypertension in women 

and men by 7% and 15%, respectively (82). Sui and co-workers, 

reported similar conditions, low aerobic capacity was responsible for 

the highest proportion of deaths, compared to smoking, diet and BMI 

(83). Several biological mechanisms have been suggested for the 

impact on mortality. The main effect from improved aerobic capacity 

is likely to be by improving risk factors such as blood lipids, blood 

pressure, glucose levels, waist circumference and markers of 

inflammation (52). 

Aerobic capacity in populations with other chronic diseases 

In populations of women and men, undergoing cardiac rehabilitation 

(84, 85), small increases of 1 mL O2 kg/min is associated with 10% 

lower risk of cardiac mortality (84, 85). Also, in populations with 

respiratory conditions, (86, 87). type 2 diabetes (73, 75), cancer (88) 
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and dementia (89) inverse associations between aerobic capacity and 

mortality risk have been reported.  

Aerobic capacity in rheumatoid arthritis  

Aerobic capacity in patients with RA has been studied since the 

1970´s. Test values have shown great variety. Low values have been 

described in recent cross-sectional studies (32, 33), but aerobic 

capacity has also been reported to be similar as reference data (34, 

90, 91), and as values presented among healthy controls (92-94). 

Only two studies have related aerobic capacity to assessments of 10-

year CVD event risk (32, 33). Some trends might be visible, more 

recent studies, and studies performed in Sweden, tend to report 

higher values of aerobic capacity, than older reports, and reports 

from other countries. An overview of Swedish studies regarding 

aerobic capacity in patients with RA are presented in Table 3. In 

Table 4 reports from other countries are presented. 
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Table 3. Swedish studies investigating aerobic capacity in patients with RA. 

Author, 

year, (ref). 

Number of 

included 

patients,  

(% women) 

RA/controls 

Age, years, 

RA/control

s 

Disease 

activity 

Disease 

duration, 

years 

Test method Aerobic capacity 

,ml/kg/min 

P 

Lange, 2018, 

(94). 

36 (75) / 

38 (76) 

69(2.6)/ 

70(2.3) 

DAS 28: 

2.33(1.1)/2.

41 

(0.9) 

15.4 (10.7)/ 

17.4 (10.9) 

Maximal 

bicycle test 

18.6 (3.8)/17.8(3.8) n.a 

Hörnberg, 

2017, (34). 

25 (80)/16-

year follow-up 

40  

(34.5-49.5)/ 

58 (52.0-

63.5) 

DAS 28:4.73 

(1.22), 

ESR:19 

(13.5-

37.5)/DAS 

28:2.9(1.3) 

0.1(0.0)/16.2 

(2.4) 

Submaximal 

bicycle test 

32.3 27(9-42.1)/ 

33.2 (28.4-38.9) 

n.s 

Nordgren, 

2015, (58). 

220 (81)/0 59 (8.8) DAS 28: 2.4 

(2.2-2.8) 

12 (9.6) Submaximal 

bicycle test 

33 (7.8) n.a 

Hörnberg, 

2014, (95).  

13 (93)/0 57 (44-64) DAS28: 

3.2 (2.6-

4.3), 

ESR:8.0 8-

15.5) 

12 (6-22) Submaximal 

bicycle test 

26.0 (19-36) n.a 
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Haglund, 

2009,(96). 

52 (62)/0 53 (23-66) Tender 

joints: 4(0-

26), swollen 

joints 3 (0-

24) 

<6 years Submaximal 

treadmill test 

and 

submaximal 

bicycle test 

Treadmill 

Female: 27 (23-39) 

Male: 36 (31-46) 

Bicycle 

Female 28 (19-52) 

Male 26 (17-55) 

n.a 

Hörnberg, 

2007, (97). 

 

66 (77)/0  51 (15) DAS 28:4.6 

(4.1-5.6) 

Symptoms for 

<1 years 

Submaximal 

bicycle test 

31 (27-39) n.a 

Bilberg, 

2005, (91) 

RA Exercise: 

20  

RA Controls: 

23 

Exercise: 49 

(32-62), 

controls: 46 

(21-65) 

DAS28: 

Exercise:4.1 

(1.5), 

Controls:4 

(1.3) 

RA:2.6 (1.3) 

Controls: 2.9 

(1.4) 

 

Submaximal 

bicycle test 

Exercise: 34 (10.9) 

Controls: 34.2 (6.7) 

n.a 

Eurenius, 

2005, (90). 

298 (76)/0 57 (19-90) DAS28: 3.5 

(0-7.4) 

< 6.5 years Submaximal 

bicycle or 

treadmill test 

Similar to norm data, not 

presented in ml/kg/min 

n.a 
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Author, 

year, (ref). 

Number of 

included 

patients,  

(% women) 

RA/controls 

Age, years, 

RA/control

s 

Disease 

activity 

Disease duration, 

years 

Test method Aerobic capacity 

(ml/kg/min) 

P 

Ekdahl 

1992, (98). 

67 

(64)/77(61) 

53.0 (10.2) ESR: 

25 (7.8) 

CRP:  

23.5 (28.0) 

Ritchie 

Index:  

11.5 (8.2) 

10.6 (7.8) Submaximal 

bicycle  

test 

Female :< 54 

years: 22.3 (6.8) 

Controls 31.7(12.1) 

> 54 yrs: RA 18.7 

(3.5), Controls 21.9 

(5.3). Male < 54 

yrs: 24.0 (4.3) 

 Controls 27.6 (7.4) 

> 54 yrs RA18.7 

(4.1) Controls 25.1 

(6.1) 

 

 

<0.001 

 

<0.001 

  

<0.001 

  

 

<0.001 

Nordemar, 

1981, (99). 

23 (83)/23 

(83) 

56 (9)/ 

58 (10) 

48 (24)/45 

(25) 

16 (7)/14 (7) Submaximal 

bicycle  

test 

TG: 1.28 (0.31) 

L/min 

CG: 1.12 (0.46) 

L/min. 

n.s 

Ekblom, 

1974, (100). 

31 (100)/ 

0 

56 (range 

38-63) 

Not 

presented 

11.6 (range 2-30) Maximal 

bicycle test 

1.17 (0.04) L/min, 

30% lower than 

norm data 

n.a 
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CG=control group, CVD=cardiovascular disease, DAS28=disease activity in 28 joints, DAS44= disease activity score in 44 joints, 

ESR=erythrocyte sedimentation rate, CRP=C-Reactive protein, FC=functional class, n.a=not applicable, n.s=non significant, TG=training 

group, 66/68 joint count=disease activity of tender and swollen joints, P=analyses of differences in aerobic capacity between groups. Data 

are given as means (SD) when not otherwise said. 
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Table 4.Studies from other countries investigating aerobic capacity in patients with RA. 

Author, year, 

country 

Number of 

included 

patients  

(% women) 

RA/controls 

Age years 

RA/ 

controls 

Disease 

activity 

Disease 

duration 

(years) 

Assessment of  

CVD risk, % (Q1-

Q3) 

Test 

method 

Aerobic capacity  

(ml O2/kg/min) 

P-

value 

Bartlett, 2018, 

USA (101). 

12 (92)/0 64 (7) DAS 

28:3.1 

(1.6) 

- - Peak 

treadmill test 

25.0 (6.6) n.a 

Zoli 2017, 

Italy, (102). 

20 (75) 

10 (80) 

52 (12) DAS44: 

3.9(1.2) 

0.5 (0.2) - Maximal 

treadmill test 

RA: 25.2 (5.4) 

Controls: 23.2 (3.2) 

n.s 

Metsios, 2015, 

UK (32). 

144 (70)/0 54.4 (11.7) DAS28: 

3.2 (2.3-

4.5) 

6.0  

(3-10) 

SCORE: 10-year 

CVD risk:  

7 (3-13). 

Maximal 

treadmill test 

20.9 (5.7) n.a 

Munsterman, 

2013, 

Netherlands 

(103). 

60 (73.3)/0 51.8 (10.4) DAS28:  

3.4 (1.4) 

10.2 (0-41) - Submaximal 

treadmill test 

27.8 (3.8),  

Female 26.4(3.0) 

Male: 31.7 (2.6)  

n.a 

Stavropoulos-

Kalinoglou, 

2013, UK (33). 

36 (78)/0 53.9 (9.9) DAS28: 

3.2 (1.1) 

6.0 (4-10) SCORE: 10-year 

CVD risk:  

1 (0-4). 

Maximal 

treadmill test 

23.7 (6.8) n.a 
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Cooney, 2013, 

UK, (104). 

30(80)/0 53(10) DAS 28 

Women: 2.9 

(0.3) 

Men: 2.0 (0.3) 

Women: 

13.0±1.9 

Men: 12.8 

(1.8) 

- Maximal 

bicycle test 

Women: 19.2 (4.1) 

Men: 22.3 (4.0) 

n.a 

Neuberger, 

2007, USA, 

(105). 

 

220/0 55.5 (40-

70) range 

ESR 27.9 (24.1)  - Submaximal 

bicycle test 

22.3 (8.2) n.a 

Kurtais, 2006, 

Turkey 

(106). 

19 (100)/15 

(100) 

48.3 (8.4) ESR: 26.0(15.8) 

DAS 28: 

3.9(1.5) 

10.8 (7.2) - Maximal 

treadmill 

test 

RA: 23.7 (4.9) 

Controls:26.6 (6.0) 

n.s 

de Carvalho, 

2004, Brazil, 

(107)  

35 (89)/35 

(89) 

47.8 (8.3) ESR:36 

Ritchie 

Index:4.0 

8 - Maximal 

treadmill 

test 

FCI: 24.9 (n=7) 

FCII: 21.9 (n=6) 

Controls: 24.5 

(n=22) 

n.s 

 

Häkkinen, 2002, 

Finland (92). 

ERA:12 (100) 

LRA:11 (100) 

ERA:41 (9) 

LRA:49 (7) 

ESR:  

ERA: 7.4 (6.0), 

LRA:12.9 (7.7) 

ERA: 2.9 

(0.6),  

LRA: 14.5 

(4.5) 

- Maximal 

bicycle test 

ERA: 26.7 (6.8), 

LRA: 23.1 (6.1) 

n.s 

Cimen, 2001, 

Turkey (93). 

25 (68)/21 

(76) 

48(14)/46(

13) 

Ritchie index: 

9.2(6.2) 

9.9 (6.6) - Maximal 

bicycle test 

 

RA: 65.6 (16.9) 

Controls: 77.4 

(11.7) 

< 

0.001 
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Author, year, 

country 

Number of 

included 

patients  

(% women) 

RA/controls 

Age years 

RA/ 

controls 

Disease 

activity 

Disease 

duration 

(years) 

Assessment 

of CVD risk, 

% (Q1-Q3) 

Test method Aerobic capacity  

(ml O2/kg/min) 

P-

value 

Neuberger, 

1997, USA, 

(108). 

 

32/0 55 (30-71) 

range 

ESR: 30.1 

(32.4) 

9.8 (7-30) 

ranger 

- Submaximal 

bicycle test 

22.7 n.a 

van den Ende, 

1996, 

Netherlands, 

(109). 

100/0 52 (11.5) 29.8 (21.2) 9.9 (7.8) - Submaximal 

bicycle test 

28.6 (8.1) n.a 

Minor, 1988, 

USA (110). 

40 (85)//0 54.3 

(14.2) 

Tender joints: 

17.3 (12.2) 

Swollen joints: 

14.4 (9.8) 

10.8 (7.9) - Maximal 

treadmill test 

Female: 17.8 

(4.9), 62% of 

predicted value 

Male: 19.4 (7.0), 

81% of predicted 

value 

n.a 

CRP=C-Reactive protein, CVD=cardiovascular disease, DAS28=disease activity in 28 joints, DAS44= disease activity score in 44 joints, 

ESR=erythrocyte sedimentation rate, ERA=early RA, FC=functional class, LRA= longstanding RA, n.a=not applicable, n.s=non significant, 

66/68 joint count=disease activity of tender and swollen joints, P=analyses of differences between groups. Data are given as mean (SD) 

when not otherwise said.
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Rationale for this thesis 

Patients with RA are at an increased risk of morbidity and mortality in 

CVD compared to the general population. Additionally, patients with 

RA may show low aerobic capacity. In the general population there is 

strong evidence that low aerobic capacity is an independent risk 

factor for all-cause and CVD mortality. Individuals who are able to 

maintain or improve aerobic capacity over time are at lower mortality 

risk, than those who do not. However, in patients with RA, there are 

few reports detailing the associations between aerobic capacity, CVD 

risk factors and risk of CVD events, and even fewer on the effects of 

intensive exercise interventions on CVD risk factors. The results from 

this thesis contribute to this area of research further. 
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Aims  

The overall aim of this thesis was to investigate the associations 

between aerobic capacity and CVD risk factors and disease activity in 

patients with RA. 

Specific aims:  

 To investigate aerobic capacity and its associations with 

subclinical atherosclerosis, estimated 10 year risk of 

CVD mortality, traditional risk factors for CVD and 

disease activity in patients with early RA (Paper I). 

 To investigate the effects of intensive exercise therapy 

on traditional CVD risk factors and disease activity in 

patients with RA (Paper II). 
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Methods 

Table 5. Study design and descriptive data in paper I-II. Data are presented as mean 

(SD) or median (Q1-Q3), or as numbers. 

 Paper I Paper II 

Study design Cross-sectional study Intervention study 

Patients, n 67  13 

Sex, female/male, n  51/16 12 /1 

Age, years 53 (14) 57 (44-64) 

Disease duration, years 1.3 (0.4) 12 (6-22) 

ESR, mm/h 13.3 (9.1) 8.0 (8.0-15.5) 

CRP, mg/L 3.2 (2.8) 5.0 (5.0-12.0) 

DAS 28, unit 2.8 (1.3) 3.2 (2.6-4.3) 

HAQ 0.38 (0.0-0.88) 0.63 (0.19-0.88) 

HUNT, ml O2/kg/min 31.6 (8.7) 27.6 (21-39) 

Åstrand, ml O2/ kg/min 29.4 (9.3) 26.0 (19-36) 

Cholesterol, mmol/L 5.1 (1.1) 5.1 (4.8-6.2) 

Triglycerides, mmol/L 1.3 (0.8) 1.2 (0.7-1.3) 

HDL, mmol/L 1.5 (0.5) 1.7 (1.4-1.8) 

LDL, mmol/L 2.9 (0.9) 3.3 (2.7-3.8) 

SBP, mm Hg 130 (17) 138 (120-152) 

PWV, m/s 9.3 (2.4) 8.3 (7.1-11.6) 

cIMT, mm 0.7 (0.2) - 

BMI, kg/m2 27.0 (25-31) 25.4 (22-31) 

BMI=Body mass index, cIMT=carotid intima-media thickness, CRP=C-reactive protein, 

DAS 28=Disease activity score 28, ESR=Erythrocyte sedimentation rate, HAQ=Health 

assessment questionnaire, HDL=High density lipoprotein, HUNT= Nord-Tröndelag 

health study, LDL=Low density lipoprotein, PWV=Pulse wave velocity SBP=Systolic 

blood pressure. 
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Paper I 

Paper I is a cross-sectional study with patients diagnosed with RA 

during  2013-2016, 12-24 months prior to consecutively being invited 

to participate in the study. All patients at the Department of 

Rheumatology, University Hospital, Umeå, Sweden, included in the 

Early Rheumatoid Arthritis project (TRAM), were invited to take part 

in the study. Inclusion criteria were; either sex, age between 18 to 75 

years and diagnosed with RA in accordance with the 1987 ACR 

criteria. Exclusion criteria were serious medical conditions such as 

heart, lung and neurological disease(s), and the use of beta-blocking 

agents that prevented testing by the Åstrand sub-maximal cycle test. 

Finally, 67 patients were included. 

Paper II 

Paper II is an intervention study, where 60 outpatients on a waiting 

list to the Department of Rheumatology, University Hospital, Umeå, 

Sweden, where consecutively invited. Inclusion criteria were: either 

sex, aged between 18-69 years, a diagnosis of RA according to the 

1987 ACR criteria, with a stable disease three months prior to 

participation in the study. Exclusion criteria were: inability to tolerate 

cycling due to functional impairment, including heart, lung or 

neurological disease (s), as well as the use of beta-blocking agents. 

Thirteen patients were included. 

Assessments 

Assessment of aerobic capacity 

In papers I and II, aerobic capacity was estimated by the Åstrand 

sub-maximal bicycle test, expressed in mL/kg/min, and in L/min. 

Patients were instructed to refrain from exercise, heavy meals and 

tobacco for at least two hours preceding the test. The patients cycled 

on an individually chosen submaximal work rate for six minutes to 
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achieve a steady state heart rate (HR). The pedal rate was 50 

revolutions per minute (RPM). The patients rated their perceived 

exertion on the Borg´s 6-20 scale, every minute during the test. 

Ratings should be in the interval of 13-16, and the test was 

discontinued with values >16. The completed test was terminated 

when steady-state HR, determined as a HR within a range of five 

heart beats during the last two minutes, was reached at about 50% 

of maximal aerobic capacity. Aerobic capacity was estimated with 

regard to work-load, steady state HR, sex, age, and body weight. In 

paper I, the HUNT formula (211-0.64×age) was used to improve 

prediction of aerobic capacity further. 

Assessment of disease activity, blood lipids and functional 

ability 

Erythrocyte sedimenation rate, (Westergren method, mm/hour), CRP 

(mg/L), and blood lipids (mmol/L), were taken after an over-night 

fast and analyzed according to clinical routine methods. Disease 

activity was calculated with the Disease activity score 28 (DAS28) 

which includes number of tender and swollen joints (out of 28), ESR, 

and patient´s global health, measured by visual analogue scale 

(VAS). The range of the DAS 28 is 0-9.4, where lower values indicate 

lower disease activity (111). In paper I, a rheumatologist made the 

assessment of tender and swollen joints. In paper II, the patients 

made a self-assessment of the number of tender and swollen joints 

(112). Functional ability was assessed by the Stanford Health 

Assessment Questionnaire (HAQ) including eight categories of 

functional activities (dressing, rising, eating, walking, hygiene, reach, 

grip, and activities). The range of the HAQ is 0-3, where higher 

values indicate a higher degree of disability (113). 
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Assessment of subclinical atherosclerosis 

In paper I, carotid intima-media thickness (cIMT) in the right and 

left carotid artery was assessed by ultrasound (Sequoia 512 

ultrasound system, Siemens, Upplands-Väsby, Sweden) (114). 

The patient was in a supine position with the neck extended and 

the head turned away from the side being assessed. The cIMT of 

the right and left common carotid arteries (CCA) were measured 

on three end diastolic images (defined by R wave on attached 

three lead ECG). Based on three measurements, at a one-

centimeter long longitudinal segment of CCA proximal to the 

carotid bulb, the mean values were calculated for both sides.  

 

In paper I and II, PWA were recorded using an Arteriograph (TL2 

v.1.10.1.11 and v.3.0.0.1 Tensiomed Ltd, Budapest, Hungary) 

after resting supine in a quiet room for 10 minutes. This 

measurement showed systolic blood pressure (SBP), diastolic 

blood pressure (DBP), central systolic blood pressure (SBPao) and 

PWV. Three measurements were performed in the right arm with 

the average values noted. 

Assessment of body composition  

Body composition was assessed by DXA, (Lunar Prodigy X-ray Tube 

housing Assembly, Brand BX-11, Model 8743;GE Medical Systems, 

Madison, WI, USA). In paper II, a Lunar iDXA forma; GE Medical 

Systems, Madison, WI, USA, was used. In this thesis, body 

composition is presented as body mass index (BMI), body fat percent 

and fat free mass percent. Body mass index is body mass in 

kilograms, divided by squared body height in meters. Body fat 

percent is the total fat mass divided by the total mass. Fat free 

percentage was calculated by dividing fat free mass with total mass. 

Waist circumference was measured with the patient in standing 
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position and the arms hanging freely with a measuring tape placed 

midway between the lower costal margin and the iliac crest. The 

measurement was made to the nearest 5 mm at the end of a normal 

expiration.  

Assessment of cardiovascular disease mortality risk  

In paper I, the 10 year risk of CVD mortality, was estimated using the 

SCORE calculator (44) , an index comprising values of sex, age, total 

cholesterol, systolic blood pressure and current smoking status. The 

mortality risk within 10 years is presented in percent (%). This risk 

score was further adjusted in accordance with the recommendations 

from the EULAR with a 1.5 multiplier (15). 

Ethical considerations 

In accordance with the tenets of the Declaration of Helsinki, all of 

the included patients were given a verbal and written information 

about the study. All of them provided their informed consent prior 

to participation. Both studies were approved by the Ethics 

Committee at Umeå University (Dnr 2011-63-31M, Dnr 2014/356-

31). Patients were interwieved for previous CVD events, chest 

pain, current medication and co-morbidities, to screen for 

contraindications for exercise. Patient medical files were studied 

for validation of events. Submaximal aerobic capacity testing is 

regarded as a low risk test. However, to ensure patient safety, 

medical staff, emergency alarm and a defibrillator were available, 

but never used. To ensure proper workload during the sub-

maximal bicycle test, the Borg scale of perceived exertion was 

used. The test was discontinued with a perceived exertion of >16, 

or with unexpected pain or discomfort. The dosage of radiation 

from the DXA assessment is similar to background radiation and 

was considered to be harmless.  
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Statistical methods  

Statistical analyses were performed using the Statistical Package 

of Social Sciences (SPSS), versions 18 and 23 (IBM, Armonk, NY; 

US). The distribution of data was determined after considering 

mean and median values, values of skewness and standard error 

of skewness, as well as histograms with normal curves. 

Descriptive statistics are presented as numbers with percentages 

(%), mean values (SD) or median values (Q1-Q3), depending on 

the variable and distribution of data. The students independent T-

test, the Mann-Whitney U-test and the chi square test were used 

to investigate differences between groups depending on type of 

data and distribution. In paper I, the associations between the 

dependent variable aerobic capacity and the independent variables 

reflecting risk factors for CVD and disease activity, were analysed 

with linear regression analysis before and after correction for age 

and gender. Multiple linear regression analyses, based on the 

statistically significant (p≤0.05) variables in the unadjusted 

univariate analysis, were performed to find the model best 

explaining the variability in aerobic capacity. The results of the 

multiple linear analysis is presented using β-values, which indicate 

the effect from the independent variable on the dependent 

variable, with a corresponding 95% confidence interval (CI), and 

the R2-value, which presents to which extent the model explains 

the variation of the dependent variable. In paper II, the 

correlations between variables were analysed with the 

Spearman´s rank correlation method and presented as rs, with a 

corresponding p-value. The changes for the exercise group over 

time were analysed by the Friedman two way analysis of variance, 

and further with the paired Wilcoxon rank sum test. The value of 

statistical significance was set at a p-value of <0.05.  
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Results 

Paper I  

Aerobic Capacity is Associated with Disease Activity and Risk Factors 

for Cardiovascular Disease in early Rheumatoid Arthritis – a cross-

sectional study. 

The mean aerobic capacity was 31.6 mL O2/kg/min. Patients with 

aerobic capacity above median, showed more favourable values of 

CVD risk factors and markers of disease activity, than patients below 

median (Table 6). 

Table 6. Descriptive data for 67 patients with early rheumatoid arthritis, total and 

dichotomized in VO2 subgroups based on the median value of the estimated aerobic 

capacity according to the HUNT-formula. 

Variable All patients 

(n=67) 

 

Aerobic 

capacity  

< 29.7 mL 

O2 /kg/min 

(n=33) 

Aerobic 

capacity 

≥29.7 mL 

O2 /kg/min 

(n=34) 

P 

Sex, females, n (%) 51 (76) 25 (76) 26 (76) 0.946 

Age, years 53 (14.4) 59 (10.7) 47 (15.4) 0.001 

Current smoker, n 

(%) 

7 (10) 5 (15) 2 (6) 0.257 

RA characteristics     

Positive ACPA, n (%) 47 (72) 24 (73) 23 (68) 0.656 

Positive RF, n (%) 52 (81) 26 (79) 26 (76) 0.823 

ESR, mm/h 13.3 (9.1) 17 (8.8) 7 (8.3) 0.002 

CRP, mg/L 3.2 (2.8) 3.8 (2.9) 2.5 (2.5) 0.025 

DAS 28, unit 2.8 (1.3) 3.3 (1.2) 2.2 (1.4) 0.033 



 

30 

HAQ, unit 0.38  

(0.0-0.88) 

0.38 

(0.0-0.88) 

0.38  

(0.0-0.63) 

0.670 

Disease duration, 

months 

16 (4.4) 16 (3.6) 16 (5.0) 0.743 

Blood lipids     

Cholesterol, mmol/L 5.1 (1.1) 5.6 (1.2) 4.8 (1.0) 0.836 

Triglycerides, mmol/L 1.3 (0.8) 1.5 (0.9) 0.80 (0.6) 0.025 

HDL, mmpl/L 1.5 (0.5) 1.5 (0.4) 1.6 (0.5) 0.231 

LDL, mmol/L 2.9 (0.9) 2.9 (0.9) 2.9 (0.9) 0.962 

10 year CVD risk     

SCORE, % 1.5 (0.0-3.0) 1.5 (0.0-3.8) 0.0(0.0-1.9) 0.02 

cIMT, mm 0.7 (0.2) 0.8 (0.16) 0.6 (0.22) 0.154 

PWA     

SBP, mm Hg 130 (17) 135 (13) 118 (19) 0.015 

SBPao, mm Hg 124  

(114-142) 

128  

(121-144) 

118  

(107-134) 

0.01 

PWV, m/s 8.9 (7.2-10.6) 9.2  

(8.0-11.8) 

7.4  

(6.9-10.4) 

0.01 

Body composition     

Body fat mass, % 38.1 (10) 45.9 (9.3) 33.4 (9.2) <0.001 

Fat free mass, %  63.0 (0.1) 55.7 (0.1) 67.7 (0.1) <0.001 

Waist  circumference, 

cm 

93 (15) 103 (14) 83 (12) <0.001 

Significant values are highlighted in bold. ACPA=Anti Citrullinated Protein Anti-

bodies, RF=Rheumatoid Factor, ESR= Erythrocyte Sedimentation Rate, 

DAS28=Disease Activity Score, 28, HAQ=Health Assessment Questionnaire, 

HDL=High Density Lipoprotein, LDL=Low Density Lipoprotein, SCORE=Systematic 

Coronary Risk Evaluation, cIMT=carotid Intima-Media Thickness, SBP=Systolic 

blood pressure, SBPao=Systolic blood pressure aorta, DBP=Diastolic blood 

pressure, PWA=Pulse wave analysis, PWV=Pulse wave velocity. 
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In linear regression analyses, aerobic capacity was significantly 

associated with ESR, triglycerides, HDL, SBP, SBPao, DBP and 

measurements of body composition, independent of age and sex 

(Table 7). 

Table 7. Linear regression analyses for 67 patients with rheumatoid arhtritis, with 

aerobic capacity as the dependent variable adjusted for age and sex. 

ESR=erythrocyte sedimentation rate, HDL=high density lipoprotein, SBP=sysotolic 

blood pressure, SBPao=systolic blood pressure aorta, DBP=diastolic blood pressure 

 

In a multiple linear regression model, aerobic capacity was 

significantly associated with body fat percent and triglycerides, 

independent of age and sex. This model explained 62.2% of the 

variation in aerobic capacity (Table 8). 

  

Variable β CI 95% 

ESR, mm/h -0.26 -0.47;-0.02 

Triglycerides, mmol/L -3.24 -5.6;-0.87 

HDL, mmol/L  4.15  0.20;8.1 

SBP, mm Hg -0.21 -0.31;-0.11 

SBPao, mm Hg -0.16 -0.26;-0.05 

DBP, mm Hg -0.28 -0.46;0.08 

Body fat mass, % -0.55 -0.72;-0.39 

Fat-free mass, %  0.56  0.40;0.74 

Waist circumference, cm -0.31 -0.42;-0.21 
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Table 8. Multiple linear regression model with aerobic capacity as the dependent variable, 

among 67 patients with early rheumatoid arthritis. 

Variable β CI 95% 

Body fat mass, % -0.502 -0.671;-0.333 

Triglycerides, mmol/L -2.365 -4.252;-0.479 

Age, years -0.230 -0.330;-0.129 

Female sex 5.14 1.37;8.914 

R2 for the model: 62.6. 

Conclusions  

Values of measurements regarding cardiovascular risk factors and 

disease activity were favourable in the patient group with higher 

aerobic capacity. Aerobic capacity was associated with several CVD 

risk factors and ESR, independent of age and sex. 

Paper II 

Benefits of spinning exercise on cardiovascular risk factors in 

rheumatoid arthritis – a pilot study. 

In this study, the median baseline value of aerobic capacity was 26 

mL O2/kg/min. After 10 weeks of exercise, the patients showed 

significant improvements in aerobic capacity; + 7 mL O2 kg/min, 

(p=<0.05), SBP; -12 mm Hg, (p=0.01) and tender joint count; 

(p=0.05). Markers of disease activity were unchanged during the 

study period. At baseline, negative correlations between aerobic 

capacity and ESR, r=-0.687, (p=≤0.01), CRP r=-0.727, (p=≤0.01) 

as well as functional ability r=-0.572, (p=≤0.05) were evident. After 

10 weeks, the changes in BP were negatively correlated with CRP at 

baseline. 
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Table 9. Measurements within the exercise group (n=13) at 10 and 25 weeks compared 

to baseline. Data are presented as median (Q1-Q3). 

Variable Baseline 10 weeks 25 weeks 

Aerobic capacity, mL 

O2/kg / min 

26.0 (19.0-36.0) 33.0* (23.5-37.5) 31.0 (22-36) † 

Systolic BP, mm Hg 138 (120-152) 126** (114-138) 126# (118-139) † 

Diastolic BP, mm Hg 84 (73-92) 73 (70-88) 80 (75-88) 

SBPao, mm Hg 138 (114-151) 118 (107-142) 122 (115-137) 

Cholesterol, mmol/L 5.1 (4.8-6.2) 5.8 (4.7-6.0) 6.0 (5.1-6.4) 

Triglycerides, mmol/L 1.15 (0.74-1.34) 1.12 (0.98-1.58) 1.00 (0.76-1.42) 

BMI, kg/m2  25.4 (22.5-31.3) 24.7 (22.4-30.1) 24.4# (21.6-29.2)† 

ESR, mm/h 8.0 (8.0-15.5) 10.5 (7.2-11.8) 11.0 (9.0-16.5) 

CRP, mg/L 5.0 (5.0-12.0) 6.0 (3.5-10.2) 5.0 (1.4-10.0) 

DAS 28, unit 3.2 (2.6-4.3) 2.6 (2.4-3.7) 2.3 (2.1-3.4) 

Tender joint count 2.0 (2.0-9.0) 2.0* (1.5-4.0) 1.0 (0.0-4.5) † 

Swollen joint count 1.0 (0.0-6.0) 0.0 (0.0-4.0) 0.0 (0.0-1.0) 

VAS, global health, 

cm 

1.9 (1.2-4.2) 1.8 (0.9-3.7) 1.5 (0.2-4.0) 

VAS, pain, cm 2.6 (1.8-4.0) 1.8 (0.8-5.0) 1.8 (0.2-4.0) 

HAQ, unit 0.63 (0.19-0.88) 0.38 (0.12-0.88) 0.50 (0.12-0.94) 

Bold figures indicate significant values. † p < 0.05 (Friedman´s test). * p < 0.05 ** p 

< 0.01, 10 weeks vs. baseline, # p < 0.05, 25 weeks vs. baseline (Wilcoxon signed 

rank sum test). BMI= Body mass index, BP=Blood pressure, CRP=C-reactive protein, 

DAS 28=Disease activity score 28, ESR=Erythrocyte sedimentation rate, HAQ=Health 

assessment questionnaire, VAS=visual analogue scale. 
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Conclusions 

Intensive exercise therapy was a feasible intervention to improve 

aerobic capacity, SBP and possibly the number of tender joints in 

patients with RA, without any detrimental effect on disease activity. 

Aerobic capacity was correlated with disease activity as well as 

functional ability at baseline.  
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Discussion 

Aerobic capacity 

In this thesis, the estimated aerobic capacity was 31.6 mLO2/kg/min 

in patients with early RA and 26.0 mL O2/kg/min in patients with 

longstanding RA. These results can be related to studies conducted in 

the general population and in RA cohorts. In Paper I, aerobic capacity 

was similar to Swedish general population (115), as well as a RA 

cohort of similar disease duration (97). In paper II, aerobic capacity 

was lower than in the general population, as well as lower than in a 

comparable RA cohort (58). However, there are studies reporting 

lower (32, 94), as well as higher values (91, 93). These differences 

may be related to differences in age, disease duration and possibly in 

advice from the health care providers and different traditions of 

leisure time physical activity. 

Several studies investigating patients with RA have reported an 

aerobic capacity below 28 mL O2/kg/min (32, 94, 95, 102, 104, 106), 

a cut-off level indicating a higher all-cause and CVD mortality risk in 

the general population (53). In this thesis, a substantial amount of 

patients 25 (37%) with early RA and 7 (54%) with longstanding RA, 

were below this cut-off. Robust data from a meta-analysis suggests 

that populations with the lowest aerobic capacity, have the largest 

potential to reduce mortality risk by improving aerobic capacity (53). 

Interventions to improve aerobic capacity is encouraged, and may 

reduce CVD risk in patients with RA.  
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Associations between aerobic capacity and 

cardiovascular risk factors and disease activity 

As shown in paper I, findings of consistent and biologically plausible 

associations between aerobic capacity and triglycerides, HDL, SBP, 

SBPao, DBP, body composition and ESR, independent of age and sex 

were reported. In the general population as well as in patients with 

RA, BP, blood lipids, body composition as well as inflammation are 

well known risk factors for CVD. Moreover, they are known to be 

improved by exercise in the general population (116-119) as well as 

in patients with RA (33). The present results indicate a broad effect 

from improved aerobic capacity on CVD risk factors in patients with 

RA. However, if this translates into a reduction of CVD events in 

patients with RA, is yet to be determined.  

The association found with disease activity is interesting since RA is 

an inflammatory and autoimmune disease, and suggests a possible 

anti-inflammatory effect from increased aerobic capacity. The 

mechanisms behind this are yet to clarify, but current literature 

suggests lower levels of pro-inflammatory cytokines, a reduced 

expression of genes related to pro-inflammatory networks, higher 

levels of anti-inflammatory myokines and hormones, and an 

increased activity in the para-sympathetic nervous system (120-122).  
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Exercise intervention 

Table 10. Description of the exercise protocol. 

RPM= revolutions per minute; RPE= rating of perceived exertion 

 

 

 

Minutes Technique RPM RPE  (6-20) 

0-4 Warm up. Technique 

instructions 
65 11-12 

4-8 Gradually increased resistance 65 13-15 

8-12 Stand up or sit down with 

increased resistance 20 sec x 3  
50 15-17 

12-15 Continuous pace and exercise 

load, technique instructions 
65 15-16 

15-19 Recovery 70 12-13 

19-22 Gradually increased resistance 

x 3 
70 14-16 

22-25 Stand up or sit down with 

increased resistance 20 

sec x 3 

55 16-17 

25-29 Increased resistance in 3 steps 60 16-17 

29-33 Alternating left/right leg, 

continuous pace and exercise 

load 

66 15 

33-36 3 high frequency intervals,  
“all-in” 

maximum 17 

36-39 Cooling down  70-30 15-11 

39-45 Stretching  of leg,  neck, and 

shoulder muscles 
- 6-7 
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In paper II, we evaluated intensive cycle exercise as an intervention 

to improve aerobic capacity and cardiovascular risk factors. The 

exercise protocol, (Table 10), induced improvements in aerobic 

capacity, SBP and tender joints. The improvement in aerobic capacity 

by 7 mL O2/ kg/min is regarded as clinically significant. Previous 

studies on cardiac rehabilitation, have reported that small 

improvements of 1 mL O2/kg/min is associated with a reduced 

mortality risk by 10%, (84, 85). Meta-analysis and large 

epidemiological studies from general populations have reported 

similar risk reductions from higher aerobic capacity (53, 69, 70). The 

improvement in SBP by 11 mm Hg is also regarded as clinically 

significant. A meta-analysis reported that a 10 mm Hg reduction in 

SBP can reduce the risk of stroke by 40%, and the risk of IHD by 

30% in normotensive subjects (123). The impact of low aerobic 

capacity and hypertension on public health is substantial, and 

account for high proportions of all mortality in men and women (82). 

In patients with RA, hypertension is associated with an increased risk 

of CVD events, compared with non-hypertensive patients with RA 

(25, 124). It is reasonable to suggest a combination of medical and 

exercise therapy to optimize treatment of hypertension, and 

potentially to reduce incidence of CVD events. Notably, no 

detrimental effect on disease activity was recorded. On the contrary, 

tender joint count indicated a statistically significant improvement in 

patient health. Our results are in line with a meta-analysis of effects 

of exercise interventions on disease activity by Sveaas and co-

workers, who reported small improvements in disease activity scores 

and ESR, as well as improvements in joint symptoms (125). An 

exercise intervention study (33), and a cross-sectional study reported 

similar associations(32)  
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Assessment of cardiovascular risk 

Assessment of CVD risk is usually performed by including values of 

different CVD risk factors in a composite index. As to date, risk tools 

developed for the general population do not predict CVD risk in RA in 

a way that is satisfactory (126-128), neither do risk estimates 

developed for RA populations (127, 128). None of the most frequently 

used risk scores include aerobic capacity. In paper I, aerobic capacity 

was inversely associated with SCORE. Patients with aerobic capacity 

above median showed significantly lower estimated CVD risk, than 

patients below median, which implicates an importance of aerobic 

capacity for risk classification also in RA. Several publications (48, 

129-131), support the idea that addition of aerobic capacity, would 

improve traditional risk classification in the general population, both 

on short and long term. To refrain from including aerobic capacity in 

the assessment of CVD risk, may lead to a sub-optimal management 

and outcome for patients. 

Methodological considerations  

One limitation of this thesis is the exclusion of patients at higher age, 

with functional limitations, with cardio-pulmonary or neurological 

disease(s) or patients treated with beta-blocking agents. This might 

have lead to a selection bias, and external validity may be challenged 

since the patients with the lowest aerobic capacity may not have 

been tested. This suggest that the results from this thesis are 

applicable to patients who are below 75 and 69 years, respectively, 

free from serious co-morbidity and without beta-blocking agents.  

Maximal aerobic capacity testing, with a progressive increase of test 

load until exhaustion is accepted as the most precise measurement of 

aerobic capacity. In this thesis, aerobic capacity was assessed by the 

Åstrand submaximal bicycle test. In populations of high age, having 
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functional limitations and pain, a submaximal test can be chosen. 

This test has been reported to be a valid measurement of aerobic 

capacity in patients wity RA (58) and in general populations (57, 

132), but also showing limitations in the precision of measurements, 

mainly due to variations of maximal HR in patients. To further 

improve aerobic capacity estimation, we used the HUNT formula (60) 

in paper I, which may provide a better estimate of age-related 

maximal heart rate, and improve the validity of the Åstrand original 

estimation (58). 

In paper I, a cross-sectional design was used, the constraints of this 

design limits us from making conclusions regarding causality between 

the variables. The reliability of measures of cIMT are dependent on 

the assessor. Two different sonographers made the assessments, one 

of them made the majority of the assessments, however, inter-rater 

reliability is high in well-trained professionals (133). In paper II, the 

rather small amount of patients, and the lack of a control group is a 

limitation, which may reduce generalisability. 

Clinical implications  

The results from this thesis are well in line with previous research in 

the general population and adds substantial knowledge to the area in 

patients with RA. Aerobic capacity is inversely associated with CVD 

risk factors and disease activity in early RA. Intensive exercise 

therapy is likely to improve aerobic capacity and SBP, and possibly 

disease activity in patients with longstanding RA. This thesis may 

serve as a base to recommend the use of exercise therapy to improve 

aerobic capacity and traditional CVD risk factors in patients with RA. 

A combination of traditional risk factors and aerobic capacity in the 

assessment of CVD risk may improve CVD risk screening and 

outcome even in patients with RA.  
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Future perspectives 

Several questions remain unanswered. Does changes in aerobic 

capacity over time associate with CVD morbidity and mortality in 

patients with RA? Does the inclusion of aerobic capacity into existing 

CVD risk prediction tools improve the estimation of CVD risk? These 

questions can be answered by studying a large population over a long 

period of time, with CVD events as an outcome. To determine this 

relationship, a large amount of patients are required, and demands 

us to assess and register aerobic capacity and perform proper CVD 

risk prediction tool regularly. The Swedish Rheumatology Register 

(SRQ) provides a unique opportunity for the registration of data, and 

its use is encouraged. Another remaining question is; how are body 

fat distribution, aerobic capacity and markers of inflammation related 

to each other? This relationship ought to be examined further, both 

from an etiological point of view and as a mean of treatment in every 

day care of patients with RA. 
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General conclusions 

The main findings from this thesis on patients with RA are: 

 The mean aerobic capacity was 31.6 mL O2/kg/min in a cohort 

of patients with early RA (Paper I). 

  Patients with aerobic capacity above median showed more 

favourable values of CVD risk factors and disease activity, 

than patients below median aerobic capacity (Paper I). 

 Aerobic capacity was inversely associated with CVD risk 

factors and disease activity in early RA (Paper I). 

 Intensive exercise was a feasible method to improve aerobic 

capacity, SBP and possibly the number of tender joints (Paper 

II). 

 Intensive exercise did not produce any detrimental effect on 

disease activity (Paper II). 
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