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Abstract

Background Rheumatoid Arthritis (RA) is associated with an increased risk for cardiovascular
disease (CVD), partially attributable to systemic inflammation and traditional risk factors for
CVD. Since physical activity (PA) is strongly related to CVD in the general population, the aim of
this thesis was to describe aspects of PA in patients with RA, and further to analyse associations
with disease activity, traditional risk factors for CVD and subclinical atherosclerosis.

Methods In papers | and I, newly diagnosed RA patients were followed for two (n=66) and mean
(SD) 16 (2) (n=25) years respectively. Disease activity and aerobic capacity were measured in
both groups. In paper Il, the 25 patients were also examined for traditional risk factors for CVD,
body composition, with pulse wave analysis and carotid ultrasound. Self-efficacy was assessed
using a questionnaire. In paper lll, a combined heart rate and movement monitor was used to
measure PA in 84 patients with early (< 2 years) and 37 patients with long-standing (mean [SD]
16 [2] years) RA. Data were analysed for associations with disease activity, traditional risk factors
for CVD and subclinical atherosclerosis, as above. Finally, in paper IV, a pilot study including 13
patients, median (Q1-Q3) age 57 (44-64) years, was conducted to analyse the feasibility as well
as the effects of ten weeks of spinning exercise, on aerobic capacity, traditional risk factors for
CVD and inflammation.

Results In papers | and Il, aerobic capacity was maintained at follow-up. In paper I, median (Q1-
Q3) aerobic capacity was 31 (27-39) ml/kg/min at baseline and 33 (25-38) ml/kg/min after two
years. In paper Il, median (Q1-Q3) aerobic capacity was 32 (28-42) ml/kg/min at baseline and 33
(28-39) ml/kg/min after 16 years. In multiple linear regression analysis, adjusted for baseline
aerobic capacity, disease activity during the first two years after diagnosis explained 53 % of the
aerobic capacity level after 16 years [3=-0.14, p=0.004]. Higher aerobic capacity was associated
with more favourable measures of risk factors for CVD and self-efficacy over time and at follow-
up. In paper lll, 37 % of the patients with early and 43 % of the patients with long-standing RA,
did not reach the national recommendations of PA. Total PA as well as more time spent in
moderate to vigorous PA were associated with more favourable risk factors for CVD. Patients
with higher disease activity and functional disability were less physically active. In paper IV,
intensive spinning exercise proved to be a feasible method, that significantly improved aerobic
capacity, systolic blood pressure and the number of tender joints.

Conclusions Aerobic capacity, which could be maintained despite several years of disease, was
related to risk factors for CVD and to self-efficacy. Higher disease activity in early disease
predicted lower aerobic capacity after 16 years. Higher PA level was associated with a more
beneficial cardiovascular profile; however, an insufficient level of PA was found in a substantial
proportion of patients. Furthermore, we found, that intensive spinning exercise was a feasible
method for the group included, to improve aerobic capacity and blood pressure without
detrimental effects on disease activity. Physical activity and aerobic capacity have roles to play in
the cardio protective management and are, as other modifiable risk factors, suggested to be
estimated regularly. Higher disease activity is known to increase the risk of CVD in RA, and as
disease activity also seems to negatively impact future aerobic capacity, interventions and
support for health enhancing PA should have high priority in these patients.
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Sammanfattning pa svenska

Bakgrund

Reumatoid artrit (RA) ar en systemisk, inflammatorisk sjukdom som kannetecknas av
kronisk inflammation i leder och omgivande mjukdelar, men dven andra organ kan
drabbas. Inflammationen har en nedbrytande effekt pa ledernas brosk och
intilliggande ben, som kan leda till felstadllningar, nedsatt rorlighet och muskelstyrka.
Vanliga symtom ar smarta, svullnad, och stelhetskansla, men dven allman
sjukdomskansla och trotthet, som ofta medfor att formagan att vara fysiskt aktiv
forsamras. Vid RA finns ocksa en 6kad risk att insjukna i eller avlida till féljd av
kardiovaskular sjukdom (KVS). Férutom de traditionella riskfaktorerna, anses den
systemiska inflammationen vid RA bidra till en 6kad aterosklerosutveckling. Bland
allmanbefolkningen ar fysisk aktivitetsniva och syreupptagningsformaga starkt
relaterade till lagre risk for KVS, medan dessa samband ar mindre beforskade vid RA.

Syfte

Syftet med denna avhandling var darfor att beskriva olika aspekter av fysisk aktivitet
hos patienter med RA samt att analysera sambanden med sjukdomsaktivitet,
traditionella riskfaktorer for KVS samt subklinisk ateroskleros.

Metod

| studie | och Il undersoktes 66 respektive 25 individer vid tidpunkten for RA diagnos. |
studie | genomfordes uppfoljande méatningar under tva ar samt i studie Il efter i
genomsnitt 16 ar. Sjukdomsaktivitet och syreupptagningsformaga undersoktes. | studie
Il undersoktes ocksa traditionella riskfaktorer for KVS, kroppskonstitution, subklinisk
ateroskleros och tilltro till den egna formagan. | studie Ill anvandes en kombinerad
hjartfrekvens- och rérelsemonitor for att mata fysisk aktivitetsniva hos 84 individer
med tidig och 37 individer med langvarig RA. Data analyserades betrdffande samband
med sjukdomsaktivitet, traditionella riskfaktorer for KVS och subklinisk ateroskleros.
Slutligen inkluderades 13 personer med RA i en traningsstudie, dar effekterna av
spinningtraning tre ganger i veckan under tio veckor undersoktes gallande
genomforbarhet och effekter pa traditionella riskfaktorer for KVS,
syreupptagningsférmaga och inflammation.
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Resultat

Studie | visade, att syreupptagningsformagan bibeholls 6ver tid, men den grupp som
svarat pa behandling hade hogre syreupptagningsformaga an de som inte svarat pa
behandling. | studie Il var syreupptagningsformagan medelgod och of6éréndrad efter 16
ars sjukdom. Hogre sjukdomsaktivitet under de férsta tva aren efter diagnos var
associerad till lagre syreupptagningsférmaga efter 16 ar. Hogre
syreupptagningsférmaga var relaterad till mera férdelaktiga varden for flera
traditionella riskfaktorer for KVS vid uppfoljningen, men ocksa over tid. Flera samband
fanns ocksa mellan hogre tilltro till egen formaga och hogre syreupptagningsformaga. |
studie Ill var den fysiska aktivitetsnivan densamma i grupperna med tidig och langvarig
RA, men 37 % av patienterna med tidig och 43 % av de med langvarig RA uppnadde
inte nationella rekommendationer for fysisk aktivitet. Hogre total fysisk aktivitet och
hogre andel medel- till hogintensiv fysisk aktivitet var associerade till battre varden for
flera KV riskfaktorer. Patienter med hogre sjukdomsaktivitet och hégre grad av
aktivitetsbegransningar var mindre fysiskt aktiva. | studie IV resulterade
spinningtraning tre ganger/vecka under tio veckor i 6kad syreupptagningsférmaga,
minskat systoliskt blodtryck och farre 6mma leder. Vid studiens start var hogre
sjukdomsaktivitet och stérre aktivitetsbegransningar relaterade till lagre
syreupptagningsférmaga. Kompletterande analyser visade, att hogre
syreupptagningsférmaga relaterade till mera férdelaktiga varden for traditionella KV
riskfaktorer och subklinisk ateroskleros vid studiens start, efter traningsperioden och
aven vid den uppfoéljande méatningen efter 25 veckor.

Konklusioner

Syreupptagningsformagan, som kunde bibehallas trots lang tids sjukdom, var relaterad
till riskfaktorer for KVS och till tilltron till den egna férmagan. Hogre sjukdomsaktivitet
vid tidig sjukdom medfdrde en lagre syreupptagningsformaga efter 16 ar. Hogre fysisk
aktivitetsniva var relaterad till battre kardiovaskular riskprofil, dock uppnadde en
betydande andel patienter inte de nationella rekommendationerna for fysisk aktivitet.
Spinningtradning visade sig vara en lamplig traningsmetod for deltagarna, som
resulterade i 6kad syreupptagningsformaga och lagre systoliskt blodtryck, utan negativ
paverkan pa sjukdomsaktiviteten. Tvartom noterades ett minskat antal 6mma leder
efter tréningsperioden. Fysisk aktivitet och syreupptagningsformaga har betydelse for
preventionen av KVS vid RA, och bor, liksom andra modifierbara riskfaktorer, matas
regelbundet. Tidigare studier har visat, att hogre sjukdomsaktivitet 6kar risken for KVS
vid RA. Eftersom sjukdomsaktiviteten ocksa verkar ha en negativ paverkan pa framtida
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syreupptagningsférmaga, bor interventioner och stod for halsoframjande fysisk
aktivitet prioriteras hos dessa patienter.
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Background

Rheumatoid arthritis

Epidemiology, pathogenesis and aetiology

Rheumatoid arthritis (RA) is the most common chronic inflammatory disease,
prevalent in 0.5-1 % of the adult population worldwide (1). The incidence rate is
approximately 5-50 new cases per 100.000 residents each year (1). The incidence is
about 3 times as high in women as in men (1), the difference being less obvious after
menopause (2). The debut of disease occurs at all ages, but the peak age of incidence
is 55-64 years in women and 65-75 in men (2). The disease involves autoimmune
reactions and autoantibodies commonly present are rheumatoid factor (RF) and anti-
citrullinated protein antibodies (ACPA). The release of pro-inflammatory cytokines,
such as tumor necrosis factor (TNF) and Interleukin-1 (IL-1) stimulate the production of
acute phase reactants, e.g., C-reactive protein (CRP), in the liver. The risk of developing
RA is to ~60% attributable to genetic factors and if one member of a pair of identical
twins has RA, then the other member has a 15% risk of developing the disease (2).
Further, hormonal factors, environmental factors as obesity, infections and airway
exposures like cigarette smoking, contribute to the risk of developing RA (2). Recent
reports present inverse associations between physical activity and risk of disease
development (3) as well as physical activity before the debut of RA symptoms and the
severity of RA (4).

Clinical features

Rheumatoid arthritis is characterized by systemic and local inflammation, symmetric
polyarticular synovitis with subsequent damage to articular cartilage and underlying
bone. Common early features include swollen and tender joints in fingers, wrists and
forefeet, but any joint can be affected (5). There is also a range of associated extra-
articular manifestations affecting internal organs, skin and blood vessels (1). Periods
with acute flares alternate with calmer periods and remission. Major symptoms are
morning stiffness, pain and fatigue, often with consequent activity limitations in



performing daily tasks and reduced physical activity. Disease progression varies, but
impaired range of motion, muscle strength (6, 7) and aerobic capacity (8, 9) are
common consequences of the disease. Impairments and activity limitations may lead
to a vicious circle with reduced physical activity consequently causing further
impairments and activity limitations.

Advances in treatment strategies over the past decades with early diagnosis and more
potent pharmacological treatments, have resulted in decreased disease activity and
improved health status for patients with RA (10), demonstrated by improved
functional and working ability (11) as well as decreased rates of joint surgery (12).
Nevertheless, even though disease activity improves, longitudinal studies have
presented a progress of joint and muscle impairments and activity limitations over the
years, with a worse outcome for women (6). In a Finnish population of RA patients
with a mean disease duration of 11 years, RA was associated with a more than 7-fold
risk of disability compared to that of the general population (13). Patients with higher
disease activity in early disease often experience higher levels of disability over time
(14). Further, the disease has a substantial impact on health-related quality of life (15)
and perceived general health (11), leaving RA as a condition with great impact on many
aspects of life.

There are many manifestations of additional health conditions associated with RA and
the prevalence of comorbidity is increasing over time (11, 16). Life expectancy is
decreased among patients with RA, mainly attributable to cardiovascular disease (CVD)
(17, 18). Other potential comorbidities include certain forms of cancer, interstitial lung
fibrosis, infections, depression, osteoporosis and diabetes (19).

Diagnosis

Diagnosis of RA is based upon classification criteria established by the American
College of Rheumatology (ACR) in 1987 (20) (Table 1). The criteria were revised by the
ACR and the European League against Rheumatism (EULAR) in 2010 in order to
increase sensitivity to patients with recent-onset RA (5) (Table 2).



Table 1. The 1987 revised ACR criteria for the classification of RA.

Classification of RA requires the presence of at least four of the following criteria and criteria
1-4 must have been present for at least six weeks:

1.  Morning stiffness in and around joints lasting at least 1 hour before maximal
improvement;

Soft tissue swelling (arthritis) of 3 or more joint areas observed by a physician;

b d

Swelling (arthritis) of the proximal interphalangeal, metacarpophalangeal, or wrist
joints;

Symmetric swelling (arthritis);

Rheumatoid nodules;

Presence of rheumatoid factor;

N o ok

Radiographic erosions and/or periarticular osteopenia in hand and/or wrist joints

Table 2. The 2010 ACR/EULAR criteria for the classification of RA.

Definite clinical synovitis in at least one joint;
Absence of alternative diagnosis better explaining the synovitis;
A total score of at least 6 (of a possible 10) added in the following four categories;

Criteria Score

Joint involvement;
1 large joint
2-10 large joints
1-3 small joints (with or without involvement of large joints)

4-10 small joints (with or without involvement of large joints)

“u W N =Bk O

>10 joints (at least one small joint)

Serology (at least one test result is needed for classification);

o

Negative RF and negative anti-CCP antibodies
Low-positive RF or low positive anti-CCP antibodies
High-positive RF or high-positive anti-CCP antibodies 3
Acute phase reactants;
Normal CRP level and normal ESR 0
Abnormal CRP level or abnormal ESR
Duration of symptoms;
< 6 weeks 0

> 6 weeks 1




Pharmacological and non-pharmacological treatment

Since RA is a chronic, progressive disease, affecting several perspectives of health,
treatment involves a team embracing different healthcare professionals. The EULAR
(21) recommends early initiation of pharmacological treatment, including systemic
corticosteroids, non-steroidal anti-inflammatory drugs (NSAIDs) and disease modifying
anti-rheumatic drugs (DMARDs). Biological DMARDs, created by a biological process, in
contrary to the synthetic DMARDs, were introduced in the late 90°s and are considered
highly effective (1, 12). In parallel, EULAR recommends non-pharmacological
interventions including patient information, educational programmes, dynamic
exercise and occupational therapy. They promote the use of physical activity and
exercise for the management of RA (21).

According to Swedish recommendations, preventive and rehabilitative measures
should be offered early to all patients with RA. Coaching and self-management
programs are considered important components in order to achieve patient
participation, positive health outcomes and a healthy lifestyle (22). Physiotherapy
measures often include individually tailored dynamic exercise for range of motion,
muscular strength and aerobic capacity (23-25). The efficacy of exercise on muscle
strength, aerobic capacity, and functional ability, without adverse effects on disease
activity, is well documented (26-30).

Physical activity

Definitions and key concepts

Physical activity, exercise and maximal aerobic capacity are crucial terms in this thesis
and need to be clarified to avoid being confused with one another. According to
Caspersen et al (31), physical activity is defined as “any bodily movement produced by
skeletal muscles that results in energy expenditure”, including the four domains
occupational, domestic, transportation and leisure time activities (32). Exercise is a
subcategory of physical activity that is planned, structured, and repetitive, aiming at
improving or maintaining one or more components of physical fitness (31).

Physical activity can be quantified by its duration, frequency and intensity. Duration
describes the time spent in different intensities and frequency the number of sessions



over a period of time (32, 33). The intensity of physical activity can be characterized as
relative or absolute, the former determined as the per cent of an individual’s maximal
aerobic capacity (maximal oxygen uptake, VO,max) or maximal heart rate (HR). The
absolute intensity is based on the energy required to perform the activity, e.g.,
kilocalories (kcal, 1 litre of O, consumption = 5 kcal of energy) or multiples of metabolic
equivalents (METs). One MET is roughly equivalent to the resting energy expenditure
(REE= 3.5 ml VO,/kg/min). Commonly used cut-off points when describing absolute
intensity of physical activity are 1-1.5 METs for sedentary activity, 1.6-2.9 METs for low
intensity, 3-5.9 METs for moderate intensity, and 6 METs and more for vigorous
intensity (32). Moderate to vigorous activity can also be defined by the relative
intensity of > 50 % of maximal HR or > 45 % of VO.max (32) or can be subjectively
rated as > 12-14 (somewhat hard) on the Borg Rating of Perceived Exertion Scale (RPE,
Table 3) (34).

Table 3. The Borg RPE Scale

Scale Level of exertion
6

7 Very, very light
8

9 Very light

10

11 Fairly light

12

13 Somewhat hard
14

15 Hard

16

17 Very hard

18

19 Very, very hard
20

The three factors that impact on daily total energy expenditure (TEE) are; basal
metabolic rate (BMR), diet-induced thermogenesis (DIT) and physical activity energy
expenditure (PAEE). The BMR accounts for 60-75%, DIT for about 10% and PAEE for the
remaining 15-30% of the TEE (33). The BMR can be measured by indirect calorimetry
or calculated by using the parameters sex, age and body weight (35). However, BMR is



known to be elevated in patients with RA due to inflammation (36, 37), and new
equations have been provided to more accurately predict BMR in patients with RA
(37).

A common presentation of daily physical activity is the physical activity level (PAL),
which is calculated as PAL = TEE/BMR. Physical activity level can be categorized into
low (<1.45), moderate (1.45-1.6) and high (>1.6) (38).

Maximal aerobic capacity is a measure of cardiovascular fitness and exercise capacity
representing some aspects of the physical activity level. It describes the maximal
amount of oxygen (VO, max) a person can consume from inspired air each minute,
while performing dynamic near-maximal exercise involving a large part of total muscle
mass (33). It is dependent on the ability of the cardiovascular system to deliver
oxygenated blood to the muscles and also on the ability of the muscles to take up and
utilize the oxygen in energy production. It can be expressed in METs, in VO, |/min, or in
VO, ml/kg/min. Individual values can vary from about VO, 10 ml/kg/min in patients
with congestive heart failure (CHF) up to VO, 80-90 ml/kg/min in athletes (33).

Recommendations for physical activity

The public health recommendations for physical activity in adults are as follows (39-
42):

Long-lasting periods of inactivity should be avoided

e  Substantial health benefits are obtained from accumulating, in bouts of > 10
minutes, 150 minutes per week of moderate-intensity or 75 minutes per week
of vigorous-intensity aerobic activity, or an equivalent of both

e Additional and more extensive health benefits are obtained by increasing
aerobic physical activity

e Moderate to high intensity muscle-strengthening activities involving major
muscle groups should be performed > 2 days per week

e  Older adults with poor mobility should perform exercises that maintain or
improve flexibility and balance > 2 days per week



e Individuals, who cannot reach recommended amounts of physical activity due
to health conditions, should be as physically active as their abilities and
condition allow

Specific recommendations regarding sedentary time are not available.

Recommendations for RA patients are similar. However, physical activity should be
individually designed and adjusted to accommodate changes of disease activity and
symptoms; exercises for flexibility should be included (23).

Evaluation of physical activity: objective and subjective methods

Given the importance of regular physical activity to decrease the risk of CVD and in
maintaining overall health, it is important to register physical activity by valid and
reliable methods, sensible to change. According to current recommendations,
assessment in 10-minute bouts of activity rather than minute by minute, using
objective measurement tools, are advocated (43).

Objective methods

The “gold standard” for the assessment of physical activity is considered to be the
doubly-labelled water (DLW) assessment of TEE (44). Patients drink water labelled with
the two stable isotopes deuterium (?H) and oxygen-18 (¥0) and energy expenditure is
calculated based on the elimination rate of the two isotopes in urine and by knowing
the respiratory quotient (RQ) of the food ingested during the observation period (44).
The DLW assessment is a valid, but quite expensive method providing an average
measure of total energy expenditure over a period of time.

Other objective methods are direct observation and registration using different kinds
of activity monitors/motion sensors. Simple pedometers count the number of steps
taken, while the more complex accelerometers can measure all of the above-
mentioned dimensions, i.e. intensity, duration and frequency, and provide more



detailed information about the physical activity behaviour (32). Accelerometers
register acceleration/deceleration due to gravity, some of them in combination with
measurement of HR or skin temperature and transform the data into counts. Using
monitors validated against DLW (45) with a minimum measurement period of four
consecutive days are recommended in individuals with RA, in order to achieve a good
representation of the physical activity pattern (46).

Subjective methods

Physical activity can be measured by self-report; through the completion of
questionnaires or diaries/activity logs or by interviews. The advantages are the
relatively low cost, that it is convenient and applicable to large numbers of patients.
However, self-reported physical activity measures show only low or moderate
correlation with objectively measures, being dependent on accuracy in recall,
interpretation and motivation of the subject (43). In a study comparing objectively and
subjectively measured physical activity and evaluating their associations to maximal
aerobic capacity, RA patients reported that they were less sedentary and were more
engaged in higher intensity activities than what was objectively assessed by an
accelerometer (47).

Evaluation of aerobic capacity: maximal and sub-maximal tests

The level of aerobic capacity is partly dependent on the level and intensity of physical
activity. It is strongly related to CVD risk and regular estimations of aerobic capacity
are recommended in the clinical management of patients with RA (25). It can be
measured by maximal or sub-maximal tests and also by algorithms using no exercise
data (33). The result can serve as a basis for exercise prescription and guidance.



Maximal tests

The “gold standard” method to measure aerobic capacity is testing with a progressive
increase of intensity until exhaustion, while collecting and analysing respiratory gases
(33). The test is usually performed on a treadmill or an ergometer bicycle in a
laboratory setting. The criteria to ensure that the person has reached maximal aerobic
metabolism may vary between different studies, but common criteria are: a plateau in
VO, consumption with increasing exercise intensity, a respiratory exchange ratio (RER)
of at least 1.10-1.15, a blood lactate level of at least 8-10 mmol/L, and attaining HR
exceeding 90 % or within at least 10 beats/min of the estimated predicted maximal HR
(220-age). Rating of at least 18 units on the Borg RPE scale (Table 3) (34) may also
indicate that maximal effort is reached.

However, a maximal effort is hardly possible to achieve since the performance is
strongly influenced by subjective factors such as perceived exhaustion and level of
motivation. Thus, the value measured is usually the peak aerobic capacity (VO, peak),
i.e., the highest value of oxygen consumption measured during a graded exercise test
(33). Older people or patients with chronic disease, such as RA, may be unable to
satisfactorily achieve the effort required, due to muscle fatigue and pain, as well as the
clinician’s inability to push the participant towards exhaustion. Therefore, a sub-
maximal test is an option to estimate the aerobic capacity.

Submaximal tests

Aerobic capacity can also be predicted by submaximal tests whilst walking, running,
stepping or using an ergometer bicycle (33). One of the most frequently used is the
Astrand submaximal ergometer test (48). It is based on the linear relationship between
HR and oxygen consumption and estimates aerobic capacity using the steady-state HR.
Besides correcting for work load, sex and body weight, an age-correcting factor is
included in the test to account for the decrease in maximal HR with age (49). However,
there is a margin of error in the predicted test value, partly because the individual
variation in maximal HR not accounted for and the individual difference in exercise
economy. One standard deviation from the average maximum HR for individuals of the
same age is considered to be +10 beats/min (33, 50). Thus, submaximal testing tends
to underestimate or overestimate aerobic capacity in 15 % of healthy subjects, mainly
due to the individual variation in maximal HR (50).



Physical activity and cardiovascular health in the general population

Extensive data in the medical literature demonstrate the beneficial effects of physical
activity on CV mortality (51) and risk of CVD in the general population, partly by the
favourable effects on blood pressure, blood lipids, blood glucose and obesity (52).
Physical activity also has the ability to influence inflammatory marker levels and thus
potentially lower the risk for CVD (53). In a meta-analysis, Sattelmair, et al., found the
inverse association between physical activity level and risk of a myocardial infarction
(M) to be stronger in women than in men (54). Possible explanations presented were
biological differences or methodological considerations, like sex differences in physical
activity reporting or the lower rate of Ml in women, affecting the analyses.

There seems to be a dose-response relationship between physical activity and health,
with additional benefits with increasing physical activity (54). According to guidelines,
moderate to vigorous physical activity (MVPA) should be performed in bouts of 210
minutes, but physical activity shorter than 10 minutes, are also related to CV health,
independent of the number of bouts > 10 minutes (55). Accordingly, sedentary
behaviour is a risk factor for disease, regardless of the level of physical activity (56) and
aerobic capacity (57). Current recommendations provide most of the achievable
longevity benefits, but additional health effects have been found up to approximately
3 to 5 times the recommended levels, and in the general population (median age 62
years at inclusion), there does not appear to be an elevated mortality risk with physical
activity levels up to 10 times the recommended minimum. (51).

Aerobic capacity and cardiovascular health in the general population

Aerobic capacity is inversely, and strongly, related to CVD and all-cause mortality (58,
59) possibly even more closely related to CVD than physical inactivity (52). Aerobic
capacity has also been described as a more powerful predictor for CVD than traditional
risk factors (60). In a meta-analysis including healthy men and women, Kodama et al
found that 1 MET (~3.5 ml O,/kg/min) higher aerobic capacity was associated with a
13% reduction in mortality risk and 15% decrease in CVD risk (59). Individuals with
aerobic capacity 7.9 METs (=28 ml O,/kg/min) had substantially lower rates of all-
cause mortality and CVD events compared with those with lower aerobic capacity (59).
In a study including more than 5 700 women, the strength of the prediction was even
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higher. In this investigation, the risk of death was reduced by 17% for every increase in
aerobic capacity by 1 MET (61). Aligned with previous research, men who were able to
maintain or increase their aerobic capacity over time, also had beneficial effects for
both all-cause and CVD mortality compared with those who deteriorated in aerobic
capacity (62). The prognostic power of aerobic capacity on mortality is similar among
men who are taking beta blocking agents and those who are not, and in apparently
healthy as well as in patients with CV conditions (60).

Cardiovascular disease in rheumatoid arthritis

Atherosclerotic CVD is the most common cause of death globally. It is a group of
disorders of the heart and blood vessels, including M, stroke, and peripheral arterial
disease (63).

Epidemiology of cardiovascular disease in rheumatoid arthritis

A major complication in patients with RA is the development of accelerated
atherosclerosis, increasing the risk for CVD mortality (17) and morbidity (64). In a study
of a cohort of patients with RA from the county of Vasterbotten, Sweden, Wallberg
Jonsson and colleagues found the CVD mortality in RA patients to be increased by 46 %
compared with the general population (17). A meta-analysis including 111 000 patients
indicated similar mortality ratios (18).

A meta-analysis comprising more than 14 000 patients, found the overall risk of
incident CVD to be increased by 48 % compared with the general population with an
increased risk of 68 %, 41 % and 87 % for M, stroke and congestive heart failure (CHF)
respectively (65). The increased risk seems to be evident early in the course of RA. A
Swedish research team, studying a large nationwide cohort, presented a 40%
increased risk for Ml in RA patients during the first years of disease (66). In accordance
with the general population, the incidence had decreased over the years studied,
however, the relative risk remained the same (66). Furthermore, the added risk for an
MI seems to be highest among women <50 years of age (67), to be similar to the risk of
individuals 10 years older without RA or comparable to that of patients with diabetes
mellitus (67). The risk of stroke seems to evolve more slowly than the risk of Ml (68),
but to a greater extent lead to death following the CV event (69).
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Surrogate measures of atherosclerosis

Vascular dysfunction reflects the very early and reversible signs of atherosclerosis and
can work as surrogate marker for CVD (70). This can be measured by e.g. pulse wave
analysis (PWA) (71) or by carotid intima-media thickness (cIMT) using ultrasound (72).
Several studies have confirmed vascular dysfunction in patients with RA, measured by
PWA (73, 74) and by cIMT (75, 76) and the vascular dysfunction seems to be present in
very early RA (77, 78). Pulse wave analysis measures arterial stiffness and endothelial
function by pulse wave velocity (PWV) and augmentation index (Alx). The PWV
(m/sec), which is the “gold standard” for estimating global arterial stiffness (79), is
measured through the aorta and a higher velocity is reflecting stiffness of the artery.
Additionally, reflected pressure waves are generated when forward pressure waves,
created by ventricular contraction, meet peripheral arterial branch points and
peripheral resistance. In elastic vessels, reflected waves tend to arrive back at the
aortic root during diastole. In stiffer arteries, the reflected waves will return earlier,
adding to the forward wave and augmenting the systolic pressure. The Alx represents
the change in the central aortic pulse pressure between the second and the first wave
divided by the pulse pressure (79) (Figure 1) (80).

P2

P1: Pressure at Inflection Point

P2: Systolic Blood Pressure

P3: Diastolic Blood Pressure

AP: Augmentation Pressure (P2-P1)
PP: Pulse Pressure (P2-P3)

Alx: Augmentation Index

P1

Alx = 100% - AP.
PP

Central Blood Pressure

Time

Figure 1. Determination of the augmentation index from the central pressure wave
form. (Icternol). CC BY-SA 4.0.
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Factors associated with cardiovascular disease in rheumatoid arthritis

Several factors are behind the increased risk of CVD in RA patients, the most frequently
discussed in the literature are the impact of traditional CVD risk factors, inflammation,
pharmacotherapy and insufficient PA. In a recent report on a cohort of RA patients
collected in ten countries, about 50% of CVD events was attributed to traditional CVD
risk factors and about 30% to RA related factors (81).

Traditional cardiovascular disease risk factors

Traditional modifiable CVD risk factors include smoking, obesity, hypertension,
diabetes and dyslipidaemia. The increased CV morbidity and mortality is partly
attributable to an increased prevalence of traditional CVD risk factors (16, 82) and the
negative effect on CV health seems to be potentiated by higher disease activity (16,
83). Compared with control subjects, several CVD risk factors have been shown to be
more prevalent in individuals already prior to the onset of RA, being more obvious in
younger individuals (84).

Current and ex-smokers have been described to be more prevalent among RA patients
(82), which is not unexpected, since smoking is a risk factor for developing RA (84). The
prevalence of hypertension has been increased in several reports (16). On the other
hand, a meta-analysis showed no significant difference in the prevalence of
hypertension between RA patients and controls (82). Diabetes mellitus and
dyslipidaemia are more common than in the general population (82). Somewhat
paradoxically, high disease activity is associated with lower levels of total cholesterol
and low-density lipoprotein (LDL) cholesterol whilst their CVD risk is elevated. This
dyslipidaemia is purported to be partly explained by an increased consumption of and
reduced synthesis of lipoproteins caused by inflammation (85).

A major part of individuals with RA suffer from rheumatoid cachexia, with loss of fat
free mass and progressively increased fat mass in the presence of stable or even
slightly decreased body weight (36). In a Swedish study, including patients, median
age 65 years, with moderate and high disease activity, 38% of the included patients
were categorized as having rheumatoid cachexia (86). The distribution of body fat also
seems to be altered, since central obesity is more prevalent in RA patients than in
healthy controls (78). This alteration in body composition is an effect of chronic
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systemic inflammation and occurs already in the early years of the disease. The
cachexia interferes with the interpretation of Body Mass Index (BMI) as a surrogate
marker for body fat and thereby for CVD risk. Stavropoulos-Kalinoglou and associates
suggested new RA-specific BMI thresholds of 23 kg/m? for overweight and 28 kg/ m?
for obesity, thresholds where the relationship between body fat and BMI was
comparable to that of healthy controls (87). Furthermore, body mass has a paradoxical
effect in RA compared with the general population, since a low BMI has been
associated with higher CVD mortality (88).

The traditional CVD risk factors contribute, including genetic factors, older age and
male sex, to the excess incidence of CVD in RA. However, traditional CVD risk factors
do not explain all of the excess risk of CVD in RA. After adjusting for traditional risk
factors for CVD, there is still unexplained CV mortality and morbidity associated with
having RA alone, suggesting that RA is an independent risk factor for CVD (81).

Inflammation

Several studies have confirmed the independent contribution of chronic inflammation
to the CV mortality and morbidity (16, 81, 89). Rheumatoid arthritis and
atherosclerosis are both regarded as inflammatory-driven diseases and C-reactive
protein (CRP), being a marker of inflammation, predicts CVD in healthy (90) as well as
in patients with inflammatory arthritis (91). There are similarities between the chronic
inflammatory process present in chronic rheumatoid synovitis and the inflammatory
process in the atherosclerotic blood vessels, with elevated concentrations of CRP, IL-6
and TNF-a and similar cellular recruitment and activation (92).

Several manifestations of RA inflammation, such as the cumulative inflammatory
burden, the number and duration of flares over time (93), functional disability, extra-
articular manifestations, disease duration as well as RF (89), contribute to the risk of
CvD.
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Pharmacotherapy

The use of NSAIDs has been associated with increased CVD risk in the general
population, however, the effect on RA patients remains controversial. Results
presented from a Danish nationwide cohort study indicated a 22 % increased risk for
CVD associated with NSAIDs, however, the risk was lower compared to non-RA
individuals (94). Glucocorticoids are generally considered to have a dose dependent
adverse effect on CVD risk, and current EULAR recommendations and guidelines advice
cautiousness as it comes to doses and treatment periods (95). On the contrary, the use
of DMARDs (16, 89) and biological agents (96) have been suggested to decrease CVD
risk, mainly by their beneficial effect on disease activity.

Insufficient level of physical activity

The well-known detrimental effects of physical inactivity on CVD risk in the general
population, seem to be evident also in individuals with RA. Less physically active
patients with RA have a significantly worse CVD risk profile compared with more
physically active patients (97, 98), also after adjustment for duration, activity and
severity of RA (99). Sedentary behaviour is associated with increased long-term CVD
risk independently the amount of MVPA (100). A study by Khoja and associates
highlights that even low intensity physical activity is better than none, as light intensity
physical activity was associated with lower CVD risk in RA (101).

Physical activity in rheumatoid arthritis

An overview of studies regarding levels of physical activity, measured by objective
methods, are presented in Table 4. Studies on physical activity among individuals with
RA mainly report insufficient physical activity levels, when compared with public health
recommendations outlined to maintain health (101-105) and also compared with
healthy controls (8, 43, 106, 107). This seems to be evident already in early disease
(108, 109). In addition, they seem to have difficulties in maintaining health-enhancing
physical activity levels over time (110). A large Swedish survey including healthy adults
and individuals with different chronic diseases, reported that 74% of the individuals
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with RA and 60% of the healthy subjects did not reach recommended levels of PA
(111). The proportion being physically inactive and time spent sedentary seems to be
higher compared with the general population, but similar to patients with other
chronic conditions (112).

Studies using objective assessments of physical activity as DLW or different kinds of
accelerometers, generally show higher proportions being physically inactive compared
with data generated from self-report (112). Roubenoff and associates used DLW, but
also a monitor and a questionnaire to measure physical activity in women with RA and
controls (113). Participants who exercised more than once per week were excluded.
They found that daily physical activity energy expenditure was mean (SD) 681 (257)
kcal/day, about 247 kcal less for patients with RA in comparison to matched controls.
The results correlated significantly with the data from the activity monitor, but not
with the questionnaire. Almeida, et al., found somewhat higher physical activity levels
(841 kcal/d) measured by a multisensory activity monitor (46).

Patients with RA seem to spend more time sedentary and in light activities and to be
less active in moderate and vigorous activities compared with their healthy
counterparts (106, 114). Furthermore, the daily patterns of physical activity have been
shown to differ from healthy controls, with lower physical activity levels in RA patients
compared with controls in the morning and in the late afternoon (106), a difference
evident also in early disease (115). Conversely, levels of physical activity comparable to
that of the general population (7) or to controls (116), have also been presented.
Additionally, a number of studies have presented self-assessed PA levels well over the
recommended levels of health-enhancing PA (117, 118).

The association between physical activity levels and CVD risk has been evaluated in a
number of studies, showing a beneficial relationship between higher level of physical
activity and a more beneficial CVD risk factor profile (98-101, 114, 119-121) as well as a
lower level of arterial dysfunction (122).

Aerobic capacity in rhneumatoid arthritis

An overview of studies regarding aerobic capacity levels in patients with RA are
presented in Table 5. Patients with RA have been shown to have reduced aerobic
capacity in comparison with healthy controls (123-125), and compared with norm data
(126, 127). A study published recently, including 144 RA patients with disease lasting
six years and low disease activity, concluded that the aerobic capacity was alarmingly
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low [mean (SD) 21 (6) ml/kg/min] (9). Aerobic capacity < 28 ml O,/kg/min is associated
with a substantially increased risk for CVD events and all-cause mortality (59). On the
contrary, other studies have presented test results similar to healthy controls (128-
131), and to reference data from the general population (7), although in two of the
studies, sedentary people were chosen as control subjects (129, 130).

Studies describing the associations between aerobic capacity and cardiovascular health
in patients with RA are sparse, but higher levels of aerobic capacity have been
associated with a better cardiovascular profile (9) and lower levels of CRP (131).
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Management of cardiovascular disease risk

Recommendations and guidelines

The EULAR recommendations for CVD risk management (95), include optimal disease
activity control with regular CVD risk assessment and treatment of hypertension and
hypercholesterolemia. Glucocorticoids and NSAIDs should be prescribed with caution.
As CVD risk prediction models tend to underestimate the risk for individuals with RA
(153), they advocate a use of a 1.5 multiplicator factor in all patients with RA. In line
with the European guidelines on CVD prevention (154), healthy lifestyle
recommendations, including a healthy diet, regular exercise and smoking cessation,
are emphasized for all patients irrespective of CVD risk. High-intensity exercise is
recommended for those accustomed to activity. Swedish guidelines regarding CVD risk
prevention in RA (155) are in line with the European recommendations.

Effect of exercise interventions on cardiovascular risk factors

Exercise has been shown to positively affect the cardiovascular profile (119), as
measured by CRP (150), body composition (150, 156), endothelial function (157) and
cardiac autonomic function (158), as well as aerobic capacity (150, 151, 159-161) and
10-year CVD event probability (150).

Factors related to physical activity

Numerous studies have been exploring possible factors related to physical activity in
patients with RA. The somewhat disparate evidence has been reviewed by Larkin et al,
who concluded that positive correlations were found between physical activity and
motivation for physical activity, self-efficacy, perceived health and previous physical
activity levels, while physical activity was negatively correlated with fatigue (162). A
review of patients’ perceived barriers, facilitators and benefits of physical activity and
exercise, concluded that fatigue and pain were perceived both as barriers to physical
activity, but reductions in the same variables were also perceived as benefits of
physical activity (163).
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Most studies reporting on factors related to physical activity have a cross-sectional
design, thus, the findings do not provide evidence for a causal relationship between
the variables studied. However, in a longitudinal study of a large cohort of RA patients,
Demmelmaier et al found, that having a stable high physical activity level over two
years, was mainly predicted by male sex and already established physical activity at
baseline (117). Compared with having a stable low physical activity level, the group
with stable high physical activity presented higher self-efficacy for exercise and less
activity limitation (117). Baseline physical activity levels have proven to be a strong
predictor also in other longitudinal studies (164, 165). Furthermore, changes in disease
activity have been shown to correlate inversely with variations in physical activity as
assessed by accelerometer (114) and by self-report (166).

Variables found to be associated with lower levels of physical activity are morning
stiffness (115), longer disease duration, worse functional ability (106), radiographic
joint damage (167), obesity (102), depression (168), as well as higher age, (167), lower
formal education (108) and being white (103). Psychosocial variables have been shown
to be more strongly correlated with physical activity behaviour than disease-related
and sociodemographic ones (110, 116).

Rationale for this thesis

People living with RA experience a number of consequences of the disease, many of
them beneficially affected by physical activity and exercise. Without adverse effects on
disease activity, physical activity and exercise can positively affect joint and muscle
function, aerobic capacity, balance, bone mass, functional ability, depression and
perceived general health. The risk for CVD is substantially increased in RA. Studies of
the general population as well as of patients with RA, show beneficial effects of
physical activity on systemic inflammation as well as endothelial function and several
traditional risk factors for CVD including body composition. The potential of physical
activity as a treatment of RA is, therefore, substantial.

Although the effect of physical activity on CVD risk is well known and widely explored
in the general population, it is a relatively new field of research in rheumatology. Many
factors need to be further investigated. Since the habits of physical activity vary
between countries in the general population and probably do so also among RA
patients, we need more information on the physical activity levels of Swedish RA
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patients. As yet, we know very little about the change of aerobic capacity from disease
onset and over the years with RA, since knowledge is mainly based on cross-sectional
studies. Furthermore, we need to better understand the effects of physical activity and
exercise interventions on CVD risk factors, as well as factors associated with physical
activity or aerobic capacity, in order to better guide our patients into a healthier
lifestyle. Clearly, there are many areas that need further attention and this thesis

addresses some of the aspects.
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The overall aim for this thesis was to describe aspects of physical activity in patients

with RA, with a prospective, cross-sectional as well as an interventional approach, and

also to analyse associations with disease activity, cardiovascular risk factors and
subclinical atherosclerosis.

The specific aims of the different papers included were:

To analyse joint and muscle function and aerobic capacity over 24
months in a group of patients with early RA in relation to age at disease
onset and to measurement of pain and disease activity

To analyse aerobic capacity at disease onset and after 16 years and the
change over time in patients with RA, and to describe factors associated
with aerobic capacity at follow-up. We also aimed to identify possible
associations between baseline aerobic capacity and future measures of
CVD risk factors and atherosclerosis. Finally, we wished to identify
baseline factors that predict aerobic capacity after 16 years

To objectively measure and compare the level of physical activity in
patients with early and long-standing RA, and to investigate its
associations with disease activity, risk factors for CVD and measures of
subclinical atherosclerosis.

To examine the effects of 10 weeks of spinning exercise on traditional risk
factors for CVD, aerobic capacity and inflammation in patients with RA
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Materials and Methods

Settings

Early rheumatoid arthritis clinic (TRAM, acronyme for Tidig Reumatoid Artrit
Mottagning)

Since 1995, individuals with early RA (i.e., symptomatic for <12 months) at the
Department of Rheumatology, county of Vasterbotten, have been included in the early
rheumatoid arthritis clinic (TRAM), and followed prospectively. Those included are 218
years of age and all fulfil the criteria for RA according to the ACR (20). The department
of Rheumatology is the only reference centre for rheumatological patients in the
county. Thus, the TRAM cohort is very close to the actual adult RA population in
Vasterbotten. During regular visits over the years, patients are being evaluated
regularly and offered pharmacological treatment following the standard care, aiming
at remission. In addition, those included have regular contact with a multidisciplinary
team including occupational therapist, physiotherapist, social worker and nurse during
the first two years following diagnosis. Thereafter treatment is based on individual
needs. The objective of rehabilitation is to minimize impairment and disability by
providing information about how to manage different consequences of the disease.
The importance of physical activity and exercise is emphasized, and patients are given
advice about ways to overcome obstacles by finding more appropriate activities etc.
Individual treatment is provided as and when needed. Participants in paper I-lll were
recruited from the TRAM cohort.

Subjects and study designs

An overview of the study designs and descriptive data for the participants included in
paper I-IV is presented in Table 6.
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Paper |

Sixty-eight patients, included in TRAM between 1995- 1999, were consecutively invited
to participate in this prospective study. Sixty-six of them (44 women and 20 men)
accepted and were followed for 24 months. Patients > 60 years of age or prescribed
beta blocking medication, were excluded from the test of aerobic capacity.

Paper Il

Patients eligible to participate in this prospective study were those incorporated in
TRAM between 1995 and 2002. Additional inclusion criteria were: having performed
test for aerobic capacity at the time of diagnosis, aged <75 years at follow-up and still
living in Vasterbotten county. Exclusion criteria were prescription of beta blocking
medication and functional impairment hindering test of aerobic capacity. In total, 33
patients (26 women and 7 men) were invited to participate in the study, of these 25
(20 women and 5 men) accepted.

Paper Il

Paper lll is a cross-sectional study, including participants with early as well as long-
standing RA, included in TRAM and aged <75 years. The early RA patients were
diagnosed during the years 2013-2016, 12-24 months prior to consecutively being
invited to participate in the study. Additionally, all patients included in TRAM in 1995-
2002, still living in the county of Vasterbotten, were invited as a group with long-
standing disease. Exclusion criteria were serious lung, heart or neurological diseases
and functional limitations, hindering physical activity to a higher extent than
limitations caused by RA. Out of the 122 invited with early RA and 57 invited with long-
standing RA, 84 with early and 37 with long-standing RA participated.

Paper IV

Sixty out-patients on a waiting list to the Department of Rheumatology, University
Hospital, Umea, were consecutively invited to participate in this intervention study.
Inclusion criteria were: either sex, aged 18-69 years, a diagnosis of RA according to the
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established 1987 criteria (20) and with a stable disease throughout the 3 months prior
to entry into the study. Exclusion criteria were: inability to tolerate group cycling due
to functional impairment including the presence of serious cardiac, lung or
neurological disease(s). Patients prescribed beta-blockers were also excluded. Finally,
13 were included into the study group.

Assessments

An overview of assessments used in paper |-V is presented in Table 7.

Table 7. Overview of assessments used in paper |, II, Ill and IV.
Paper | 1 11 1\
Disease activity and severity

DAS 28 X X X X

CRP X X X

Pain VAS X X X X

Rheumatoid factor X X

ACPA X X
Functional ability

HAQ X X X
Joint- and muscle function

SOFI X X
Cardiovascular risk factors

Blood pressure X X X

Blood lipids X X X

Blood glucose X X

Waist circumference X X

Smoking habits X X X
Atherosclerosis

cIMT X X

Pulse Wave Analysis X X X
Body composition

DXA X X

BMI X X X
Physical activity

Actiheart monitor X
Aerobic capacity

Sub-maximal ergometer test X X* X
Self-efficacy

ASES X

* age correction according to Tanaka et al (169). DAS28= Disease Activity
Score, CRP= C-reactive protein, VAS= Visual Analogue Scale, ACPA= Anti-
citrullinated protein antibodies, HAQ= Stanford Health Assessment
Questionnaire, SOFI= Signals of Functional Impairment, cIMT= carotid intima-
media thickness, DXA= Dual energy X-ray absorbtiometry, BMI= body mass
index, ASES= Arthritis Self-Efficacy Scale.
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Demographic and disease related data

Age, sex and disease duration were presented, as well as current medication.
Erythrocyte sedimentation rate (Westergren method, mm/hour), CRP, RF and ACPA,
were analysed according to routine methods. Disease activity was assessed by DAS28
(170), comprising the composite of the number of tender and swollen joints (171), the
ESR and patient self-assessed general health on a Visual Analogue Scale (VAS, 0-100,
higher scores represent a worse global health). In paper 1V, the number of tender and
swollen joints were self-assessed by the patient (172) and in paper I-Ill by a
rheumatologist. The range of the DAS28 is 0-9.4 and a score of < 3.2 represent low,
3.2-5.1 moderate, and > 5.1 high disease activity (170). Response to therapy, based on
DAS28, was defined according to the EULAR response criteria for RA (173). The area
under the curve (AUC) (174) for DAS 28 was calculated from the values recorded at the
time of diagnosis and during the following 24 months. Pain during the week preceding
the assessment was self-assessed using VAS.

Traditional risk factors for cardiovascular disease

In papers lI-IV, traditional CV risk factors were measured. Blood pressure (mm Hg) was
measured during the pulse wave analysis, described below. Blood lipids (cholesterol,
triglycerides and HDL) and blood glucose (mmol/L) were analysed according to routine
pathology methods. Body mass index was calculated based on body weight and body
height (kg/m?) and waist circumference (cm) was measured midway between the
lower costal margin and the iliac crest with the patient standing and the arms hanging
freely. The measurement was made to the nearest 5 mm and performed at the end of
a normal expiration. Any history of CVD and reported tobacco use were recorded.

Atherosclerosis

Pulse Wave Analysis (PWA) and carotid ultrasonography were used for measures of
subclinical atherosclerosis.
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Pulse wave analysis

Pulse wave analysis (PWA) was undertaken using an Arteriograph Type TL2 v.1.10.1.11
and v. 3.0.0.3 (TensioMed Ltd, Budapest, Hungary). The patients rested supine in a
quiet room for 10 minutes before three measurements were made in the right arm
with a simple upper arm cuff used as a sensor. The average values of brachial systolic
and diastolic blood pressure (BP), aortic systolic BP (BPao), pulse pressure (PP), PWV,
Alx and resting HR were noted (79). Reference values for PWV are available, based on
participants living in eight European countries (175).

Carotis ultrasonography

A Seqoia 512 ultrasound system (Siemens [Acuson] Corp, Upplands-Vasby, Sweden)
with a linear 9L transducer was used to measure the combined thickness of intimal and
medial arterial wall, which constitutes the intima media thickness (cIMT). The artery
wall was examined to identify areas of increased thickness, which represent early
stages of atherosclerosis. During the examination, the patient was lying supine with
the head slightly extended and directed away from the side being examined. The cIMT
of the right and left common carotid artery (CCA) were measured on three end
diastolic images (defined by R wave on attached tree lead electrocardiogram [ECG])
along one-centimeter long longitudinal segments of CCA just proximal to the carotic
bulb. Based on the three measurements, mean values for cIMT was calculated for both
sides (72). According to European guidelines on CVD prevention in clinical practice, a
value > 0.9 mm is considered abnormal (154) and a value > 75" percentile of the
reference value for a person’s age, sex and race indicates increased CVD risk (72).
According to the Carotid Atherosclerosis Progression Study (CAPS), the 75 percentile
for 55 years old women and men are 0.78 mm and 0.84 mm respectively (72, 176).

Body composition

Dual energy X-ray absorptiometry (DXA) was used to measure body composition on a
Lunar Prodigy X-ray Tube Housing Assembly, Brand BX-1L, Model 8743; GE Medical
Systems, Madison, WI, USA). In paper Ill, about 20% of the patients were measured on
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a Lunar iDXA Forma; GE Medical Systems, Madison, WI, USA, due to change of
equipment at the laboratory. In DXA, small amounts of X-ray produce a total body
image. The X-ray is composed of two energy levels that are absorbed differently by
bone, lean and fat tissues. Using different algorithms, the computer software
application assists in determining the amount of bone, lean and fat tissues based on
these differences in absorption (177). During the test, the patients lie on their back and
remain in their normal clothing, except for metal or thick plastic details, which need to
be removed.

The components of body composition presented in this thesis are total body weight
(kg), body mass index (BMI, kg/m?), lean body mass (kg), fat free mass (kg), body fat
per cent (%), android fat (g) and gynoid fat (g). The World Health Organization (WHO)
defines overweight as BMI > 25 kg/m? and obesity as BMI > 30 kg/m?. Lean body mass
includes the combined weight of the internal organs, bones, muscles, water, ligaments
and tendons. Included in this mass is the weight of the essential fat in the organs,
central nervous system and bone marrow. To obtain the fat-free mass, the weight of
the essential fat is subtracted from lean body mass. Body fat per cent is the total mass
of fat divided by total body mass. Android fat is the distribution of fat mainly around
the trunk and upper body, while the gynoid fat is distributed around the hips, thighs
and bottom. In Swedish reference data including women and men aged 20-75 years,
the average fat per cent was 33.7+7.8 % in women and 23.9+ 6.6 % in men, with
increasing values by age (178).

Functional ability

Functional ability was measured by the Health Assessment Questionnaire (HAQ), a
questionnaire developed to measure functional ability in RA (179). It includes 20
questions in eight categories of functional activities — dressing, rising, eating, walking,
hygiene, reach, grip, and usual activities, with the response on a scale from zero (no
disability) to three (completely disabled). In every category, the highest scores are
added, and finally divided by eight. The minimal clinically important difference has
been set to 0.20 (180).

Joint and muscle function

In papers | and lll, joint and muscle function was evaluated using a performance index,
Signals of Functional Impairment (SOFI) (181). The index comprises four items for hand
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function, four items for upper limb function and four items for lower limb function,
using a rating scale with three alternatives (0 normal, 1 partly impaired, 2 unable to
perform) for each. The resulting range of the SOFI score is 0-48. A score of less than 12
reflects mild impairment. The index is developed to measure functional impairment in
RA and is sensitive to long-term changes of joint and muscle function. The validity and
reliability are considered satisfactory (181).

Physical activity

In paper lll, physical activity was measured using Actiheart (CamNtech Ltd., Cambridge,
UK), a waterproof combined heart rate and movement monitor (Figure 2) (182). During
the recordings, the data was stored in 30 second intervals. At the end of each interval,
the mean of the last 16 R-R waves was converted to beats-per-minute and written to
the memory. Uniaxial acceleration was measured as counts and summed up over the
interval by a piezoelectric element contained in the monitor, generating an electric
charge in response to time-varying acceleration.

Figure 2. The Actiheart monitor. Image source: CamNtech Ltd., Cambridge, UK (183).

The monitor was attached to the left side of the chest using two standard ECG
electrodes (Red Dot 2560, 3M, St Paul, MN, USA). Prior to initializing the long-term
recording, a signal test was performed in accordance with the manufacturer’s
instructions (183), to ensure the correct placement of the device. The patients were
thereby instructed to wear the monitor around the clock for seven consecutive days
and to continue with their habitual activities. They were only to take the monitor off
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for changing the ECG electrodes, which they were advised to do at least once during
the week.

Data were then downloaded to a computer and cleaned from potential measurement
noise. A valid day was defined as a day with at least 600 minutes of valid HR data.
Adjustments were made for wear time and data was analysed regarding

e mean accelerometer counts per minute, as a measure of total volume of
physical activity,

e time spentin MVPA, as per cent of wear time and as minutes per day,

e the proportion meeting the public health recommendations of daily MVPA
>21.4 minutes (150 min/week),

e sedentary time, as percentage of wear time.

A cut-off for MVPA (3 METs), was estimated by 1.75 x resting HR, with resting HR
defined as the median value of the 30 lowest HRs registered for each day of valid HR
data (184). Sedentary time was calculated using intervals of valid HR data and zero
accelerometer counts per minute. The results of the Actiheart measurements were
compared with reference material based on Swedish and European population (185).

Aerobic capacity

In papers |, Il and 1V, aerobic capacity was estimated by a submaximal ergometer
bicycle test described by Astrand (paper | and IV; Monark Ergomedic 818E, paper |I,
Monark Ergomedic 818E in the baseline tests and Monark 928 G3 in the follow-up
tests [Vansbro, Sweden]) (50) while wearing a chest worn heart rate monitor. The
participants cycled at a constant pace for about six minutes until they reached steady
state at about 50 % of maximal aerobic capacity. The patients rated their perceived
exertion every minute during the test, which was terminated with a value of >17 (very
hard) according to the Borg RPE Scale (Table 3) (34). The test value was estimated
based on age, sex, body weight, work load and HR at steady state (48, 49). In paper I,
an alternative correction for age was made by using the Tanaka equation (169). In
paper Il and IV, the patients were instructed to avoid heavy meals, exercise and the
use of tobacco for at least two hours preceding the test. The test values were
compared with Swedish reference data based on surveys from 1990/1991 (186) and
2000/2001 (187, 188) including men and women aged 20-65 years of age.
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Self-Efficacy

Self-efficacy is explained as the confidence in one’s ability to perform a given
behaviour, and regulates aspects of behaviour, as initiation and cessation of a
behaviour and how much effort and time people spend on a task when facing
obstacles (189). Exercise has been shown to promote self-efficacy, and programs
designed to increase self-efficacy also increase exercise behaviour (190). Self-efficacy is
an important predictor for sustained physical activity and exercise in patients with RA
(163). In paper I, self-efficacy was determined using the questionnaire Arthritis Self-
Efficacy Scale (ASES) (191, 192). The ASES comprises a total of 20 items, divided into
three parts, concerning pain, function and other symptoms related to RA such as
fatigue and depression. The scores are expressed as a value between 10 and 100
where a score of 10 represents the lowest possible self-efficacy level. The average
score is calculated for each of the three parts. The instrument has been tested in
patients with RA, showing sufficient validity and reliability (192, 193).

Exercise intervention

Figure 3. The spinning class. Photo Lars Angstrom.
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Paper IV was an evaluation of a 10-week aerobic exercise intervention. The exercise
protocol was designed as a spinning class, i.e, interval group exercise, focusing on
endurance and strength, using a stationary exercise bicycle. The sessions lasted for 45
minutes and were conducted 3 times each week for 10 weeks. The protocol, which is
presented in Table 8, comprised warming up for 5 min followed by 30 min of pedalling
at varying revolutions per minute (RPM) and work load corresponding to an exertion
level of 13-17 (somewhat hard to very hard) according to the Borg RPE scale (34). The
patients were able to choose a seated position during the whole class. The programme
ended by gradually reducing the resistance, and finally, with stretching exercises for
approximately 5 min. Two alternating physiotherapists gave instructions regarding
variation in RPM, work load and technique. To ensure that the work load was within
the desired interval, each subject rated their perceived exertion several times during
every session. The participants were instructed to continue their everyday physical
activities during the intervention period.

Table 8. Description of the spinning exercise protocol: technique, revolutions per minute
(RPM) and rating of perceived exertion (RPE)

Minutes Technique RPM RPE (6-20)
0-4 Warm up, technique instructions 65 11-12
4-8 Gradually increased resistance 65 13-15

Stand up or sit down with increased

8-12 resistance, 20 secs x 3 >0 15-17

12-15 Contlr.wuou§ pace a.nd exercise load, 65 15-16
technique instructions

15-19 Recovery 70 12-13

19-22 Gradually increased resistance x 3 70 14-16

9.5 Sta.nd up or sit down with increased 55 16-17
resistance, 20 secs x 3

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

2933 Alternatln.g left/right leg, continuous pace 66 15
and exercise load

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

41



Ethical aspects

All studies in the thesis were performed in accordance with the Helsinki Declaration
and were approved by the Regional Ethical Review Board of the University in Ume3,
Sweden (paper I: Fek 99-097, § 141/99, paper I, lll: Dnr 2014/356-31 and paper IV: Dnr
2011-63-31M). The participants left their consent after receiving oral and written
information. In papers II-1V, the written information was constructed in collaboration
with a representative from the patient organisation. The participants were informed
that they could withdraw their participation whenever they wanted to during the
study. Patients with serious disease and old age were excluded and a medical risk
assessment was made before inclusion, in order to minimize the risk for adverse
events during the tests. During the strenuous tests, the participants assessed their
perceived exertion using the Borg RPE scale (34), and the test was interrupted with an
assessment of 17 (very hard exertion level). Furthermore, medical staff, emergency
alarm and defibrillator were available, however never used.

Statistical methods

Statistical analyses were performed using the Statistical Package of Social Sciences
(SPSS), versions 10, 18 and 24 (IBM, Armonk, NY, US). In paper Il and Ill, the value of
skewness (SD) was considered for decision regarding normal distribution. Data was
considered normally distributed when the value of skewness was <1 and within twice
the standard error of skewness. Clinical data were presented as median with inter-
quartile range (Q1-Q3), as mean *1 standard deviation (SD) or as number with
percentage (%), as appropriate.

Differences between groups were tested by the Mann-Whitney U-test, independent
samples t-test or Chi? test. Changes for the same group over three time points were
tested in papers | and 1V, using the non-parametric Friedman two-way analysis of
variance by ranks and further with the paired Wilcoxon rank sum test. In paper Il,
differences between two time points were analysed with the paired Wilcoxon rank
sum test or paired t-test depending on whether the data was normally distributed or
not.
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Further, correlations between variables were analysed with Spearman’s rank
correlation test and presented as rs with a corresponding p-value. In paper I,
univariate linear regression analyses were performed to evaluate the effect of baseline
variables on aerobic capacity at follow-up. Variables with a p-value < 0.2 were further
analysed in multiple linear regression analysis to establish the best fitting models,
depicting predictors for aerobic capacity at follow up. In paper lll, univariate regression
analysis was performed to evaluate the associations between variables of physical
activity (dependent variables) and independent variables reflecting disease activity, CV
risk factors and subclinical atherosclerosis. In the next step, multiple regression
analysis was applied, where every independent variable was analysed in a separate
model, adjusted for age, sex, disease duration and Actiheart wear time. In the third
step, multiple linear regression modelling was performed in order to determine the
presence of significant and independent factors associated with total volume of
physical activity, using variables with a p-value <0.2 and adjusting for age, sex, disease
duration and Actiheart wear time. Due to skewed distribution, the dependent variables
were log-transformed in the regression analyses of paper lll. Results of the linear
regression analyses were presented using 3, which denotes the effect of the
independent variable on the dependent variable, the R?, which presents the extent to
which the model explains the variance of the dependent variable, with a
corresponding 95% confidence interval (Cl) and p-value. The value for statistical
significance was set at a p-value of <0.05.

In paper |, imputation using the last observation carried forward method was used for
missing values. Furthermore, in 18 patients, the first self-assessments of SOFI and in six
patients, the first tests of aerobic capacity, were performed six months after diagnosis.
According to routine in TRAM, patients were assessed every six months during the first
two years of disease. Since analyses performed at inclusion and after six months did
not differ in the rest of the group, results of SOFI and aerobic capacity from the six
months assessments were used as inclusion measures in 18 and six patients
respectively.

In paper |, the patients were dichotomized according to sex, age (medium age), SOFI
scores (a score of 0 vs a score of 1 or 2 in the separate items) and response to therapy,
defined according to the European League Against Rheumatism (EULAR) response
criteria for RA (173) (no response vs moderate or good response). The p-value was
corrected for the number of comparisons (P.), when appropriate.

In paper I, patients were divided into groups according to sex, age and level of aerobic

capacity (at the median values for age and aerobic capacity for the whole group).
Analyses were also made based on response to therapy (no or moderate response vs
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good response). Some data were missing at baseline, and thereby, the number of
values included in the separate analyses were presented in the paper. Two patients
were tested for aerobic capacity six months after diagnosis, however, those two were
included in the analyses as the baseline values.

In paper lll, patients were dichotomized and comparisons were made between
patients with early and long-standing RA. There were no differences between the
groups in the presented variables of physical activity as well as age, sex, and DAS28,
and subsequently, the two groups were combined in the analyses of associations.
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Results

Paperl

Joint- and muscle function

Joint- and muscle function was impaired in 61 out of 66 patients at the time of
diagnosis and after 24 months 59 out of 66 patients still had impairments. At baseline,
impairment was most commonly found in hands and feet. The metatarsophalangeal
(MTP) joint function was impaired in 64% of the patients, finger flexion in 43%, pincer
grip in 29% and thumb opposition in 21%. Further, elbow extension was impaired in
23% and hip function in 22% of the patients. The summed SOFI score decreased
significantly for the whole group at 12 months (p.= 0.042) but increased again
significantly at 24 months (p.= 0.048) to a score not significantly different from the
baseline values. With few exceptions the younger patients were significantly less
impaired than the older patients over the 24 months.

Disease activity (DAS 28) decreased significantly (p= 0.0001) during the period of 24
months; from a median (Q1-Q3) at inclusion of 4.6 (4.1-5.6) to 3.5 (2.8-4.5). The
median value (Q1-Q3) of VAS pain for the whole group was 49 (25-72) at inclusion with
a significant decrease to a stable level of 30 (15-46) after 12 months (p< 0.001). The
SOFI and the DAS28 scores correlated with the strongest relationship at inclusion,
while SOFI and pain correlated at inclusion but not at the follow-up at 12 and 24
months (Table 9).

Aerobic capacity

The aerobic capacity remained unchanged during the 24 months, for the whole group
and when stratified for sex and age. When comparing responders with non-responders
at 24 months, the responders had a higher aerobic capacity compared with non-
responders both at 12 and 24 months (p= 0.024 and p= 0.005, respectively) (Table 10).
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Table 9. The calculated correlation coefficients (rs) between the four scores of
Signals of Functional Impairment (SOFI) index and Disease Activity Score (DAS 28)
and pain (VAS) at inclusion and at 12 and 24 months.

DAS 28 Pain VAS
SOFI inclusion
Hand .125 144
Upper extremities .343%* .369%*
Lower extremities 311% .226
Summed .382%* .343%*
SOFI 12 months
Hand .201 .023
Upper extremities .128 .088
Lower extremities .282% .147
Summed .236 .083
SOFI 24 months
Hand .208 .207
Upper extremities .248* .181
Lower extremities .188 1133
Summed .295% .235

*p< 0.05, **p< 0.01

Table 10. Aerobic capacity (ml O,/kg/min) for the whole group and sub groups at each time
point. Data are presented as median and inter-quartile range (Q1-Q3) and the p-value refers
to Mann-Whitney U-test.

Aerobic Whole group Responders? Non-responders! p?
capacity (n=43) (n=128) (n=15)

Inclusion 31 (27-39) 32 (28-43) 28 (22-35) n.s.
12 months 32 (26-38) 33 (28-39) 29 (25-33) 0.024
24 months 33 (25-38) 36 (26-40) 26 (23-33) 0.005

Iresponse and no response to therapy at 24 months according to EULAR response criteria
(173).

2 responders compared with non-responders at 24 months.

n.s.= not significant.
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Paper ll

Aerobic capacity at disease onset and at follow-up

Aerobic capacity was maintained over the 16.2 years of follow-up for the whole group
and was, compared with Swedish reference values (187), slightly below average at
baseline and above average at follow-up for both men and women. Women had higher
values than men at both time points (Table 11), but the median age for men was
higher compared with women (48.0 vs 37.5 years at baseline). Dichotomizing into a
younger and an older group at the median age (40 years) showed a numerical
deterioration in the younger but improvement in the older patients, with a statistically
significant difference between younger and older patients at baseline, but not at the
time of follow-up (p=0.002 and p=0.103 respectively).

When dichotomizing the patients according to response (n=12) and no response
(n=13) to therapy at 24 months, no statistically significant changes over time or
differences between the groups were found.

Measures related to aerobic capacity at follow-up

The correlation analyses between variables at follow-up and aerobic capacity at the
same time point showed that higher aerobic capacity associated with lower levels of
blood glucose (rs=-0.508, p=0.016), BMI (rs=-0.434, p=0.030), body fat (rs=-0.419,
p=0.037), aortic PP (rs=-0.405, p=0.044) and resting HR (rs=-0.424, p=0.034) as well as
higher self-efficacy for performing different tasks (r;=0.464, p=0.020).
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Table 11. Aerobic capacity and self-efficacy in 25 patients with RA at baseline and at follow-
up. Data are presented as median with inter-quartile range (Q1-Q3) and the p-value refers to
Wilcoxon signed ranks test.

Baseline Follow-up p
Aerobic capacity, ml O,/kg/min* 32.3(27.9-42.1) 33.2(28.4-38.9) 443
Women, n=20%* 32.7 (29.4-42.7) 34.1(27.6-41.2)
Men, n=5* 27.7 (19.6-35.6) 31.6 (29.0-34.0)
Younger* 41.7 (32.4-47.9) 36.4 (27.9-44.2)
Older* 28.0 (26.4-32.0) 31.6(28.4-34.1)
Responders at 24 months* 29.7 (27.3-35.4) 32.8(27.4-34.6)
No responders at 24 months* 41.7 (29.1-45.9) 33.2(29.7-41.4)
Aerobic capacity, L O2/min* 2.17 (1.91-2.48) 2.34(2.13-2.59) .253
Women, n=20* 2.17 (1.90-2.49) 2.29(1.93-2.54)
Men, n=5* 1.96 (1.87-2.75) 2.52(2.39-3.44)
Aerobic capacity, ml O,/kg/min* 32.0(28.0-43.5) 31.0(27.0-37.3) .089
Women, n=20* 34.0(30.0-44.7) 32.0(26.9-37.8)
Men, n=5# 27.0(23.0-35.0) 31.0(28.0-37.5)
ASES
Pain, (10-100) n=15 64.0 (36.0-74.0) 66.0 (48.0-84.0)  .443
Function, (10-100) n=16 99.0 (70.0-100.0) 95.6(88.4-98.9)  .308
Other symptoms, (10-100) n=15 78.3 (51.6-88.3) 78.3 (67.5-90.0) .198
Total, (10-100) n=14 77.9 (56.8-85.3) 80.9(67.6-88.1)  .433

* age correction according to Tanaka et al. # age correction according to Astrand et al. ASES=

Arthritis Self-Efficacy Scale.

Associations between baseline aerobic capacity and follow-up measures

Patients with higher aerobic capacity at baseline were younger and presented more

favourable values at follow-up in terms of aerobic capacity, BMI, body weight, waist

circumference, brachial PP and self-efficacy for performing different tasks (Table 12).
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Baseline measures predicting aerobic capacity after 16 years

The simple regression analyses between baseline variables and aerobic capacity at
follow-up, revealed that DAS28 at inclusion (f=-3.01, p=0.019), DAS28 at 24 months
(B=-2.09, p=0.036), AUC DAS28 0-24 months (B=-0.15, p=0.014) and aerobic capacity at
baseline (=0.45, p=0.004) predicted the level of aerobic capacity at follow-up. DAS28
at inclusion (p=0.017), DAS28 at 24 months (p=0.005) and AUC DAS28 0-24 months
(p=0.039) showed the same associations with aerobic capacity at follow-up when
measured as L/min.

Table 12. Correlation coefficients (r;s) for aerobic capacity (ml O,/kg/min) at
baseline in relation to other variables at follow-up. The correlations were
calculated using the Spearman rank correlation coefficient method.

Variables at follow-up Aerobic capacity at baseline
fs P
Age, years -.469 .018
CRP, mg/L -.373 .072
Glucose, mmol/L -.392 .071
Aerobic capacity, ml O,/kg/min 557 .004
DXA
BMI, kg/cm? -.401 .047
Body weight, kg -.409 .043
Body fat, % -.140 .506
Android fat, % -.222 287
Waist circumference, cm -.498 .011
Pulse Wave Analysis
Systolic BP, mm Hg -.385 .057
Diastolic BP, mm Hg -.295 .153
PP bra, mm Hg -.415 .039
PP ao, mm Hg -.286 .166
Systolic BP ao, mm Hg -.352 .084
Resting HR, beats/min -.379 .062
PWV, m/s -.370 .069
ASES function 420 .037

CRP=C-reactive protein, DXA= dual energy X-ray absorbtiometry, BMI=body mass
index, BP=blood pressure, PP bra=brachial pulse pressure, PP ao=aortic pulse
pressure, BP ao= aortic blood pressure, HR= heart rate, PWV=pulse wave velocity,
ASES function= Arthritis Self-Efficacy Scale subscale for performing different tasks.
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Subsequently, multiple linear regression analysis was performed to find the model best

explaining the variation in aerobic capacity at follow-up. Disease activity during the
first 24 months after diagnosis (AUC DAS28) explained 53 % of the aerobic capacity
level at follow-up, after adjusting for baseline aerobic capacity (Table 13, model 3).

Furthermore, the impact of self-efficacy was evaluated in addition to baseline aerobic

capacity and AUC DAS28. This model included only 14 patients but explained 71 % of

the variation in aerobic capacity levels at follow-up.

Table 13. Three multiple linear regression models. Variables in early disease associated with aerobic capacity

(ml Oz/kg/min) at follow-up.

B (C195%)

Model 1

RZ

Model 2
B (C195%) R? p

Model 3
B (C195%)

RZ

Aerobic
capacity
baseline

0.37(0.07- 0.66)

DAS28

bacnline -2.09(-4.43- 0.25)

DAS28
24 months

AUC DAS28
0-24 months

.40

.40

.018

.077

0.44(0.17-0.70) .46 .003

-1.96(-3.58- -0.35) .46 .020

0.44(0.20- 0.69)

-0.14(-0.23- -0.05)

.53

.53

.001

.004

DAS=Disease Activity Score, AUC DAS28= Area under the curve for Disease Activity Score.

Paper lli

There were no differences in total physical activity or in the proportion of MVPA and

sedentary time between patients with early and long-standing RA (Table 14). However,
31 (37%) of the patients with early and 16 (43%) of the patients with long-standing RA,
did not reach national recommendations of 21.4 minutes of MVPA per day (150

minutes per week).
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Table 14. Comparisons of physical activity variables in patients with early and long-standing
RA. Data are presented as median with inter-quartile range (Q1-Q3) and the p-value refers to
Mann-Whitney U-test.

Early RA Long-standing RA
(n=84) (n=37) P
Total physical activity
:ii’;sa;zer':l‘r’] ':t‘ztry 35.7 (24.7-54.6) 38.1(26.4-50.7) 915
MVPA
% of wear time 3.2(0.9-7.5) 2.5(1.1-6.6) .884
minutes per day 34.3 (8.8-75.2) 26.5(10.8-74.2) .933
Sedentary time
% of wear time 53.8 (48.6-59.6) 52.0(45.8-59.1) .328

MVPA= moderate to vigorous physical activity. Corresponds to time > 1.75 x resting HR.
Sedentary time corresponds to time with valid HR data and simultaneous zero accelerometer
counts per minute.

Variables associated with total volume of physical activity

In univariate linear regression analyses, lower level of physical activity was associated
with older age and higher levels of ESR and HAQ. In addition, physical activity was
inversely associated with a number of CV risk factors, i.e., triglycerides, blood glucose,
BMI, body fat, waist circumference, sleeping HR, brachial systolic and diastolic BP,
aortic systolic BP and PP as well as subclinical atherosclerosis, i.e., PWV, Alx and cIMT
(Table 15, A). Subsequently, when the separate variables were adjusted for age, sex,
disease duration and Actiheart wear time, significant associations remained for all
variables, except for triglycerides, aortic PP, PWV, Alx and cIMT (Table 15, B).

Table 16 presents the result of the multiple linear regression modelling with the same
adjustments (age, sex, disease duration and Actiheart wear time). The final model
explained 39% of the variation of total physical activity. Lower body fat was still
strongly associated with higher total physical activity. The associations with disease
activity was no longer evident, however, patients with lower functional ability were
less physically active.
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Table 15. Linear regression analyses for variables in relation to (Log) total physical activity (mean
accelerometer counts per minute).

Mean accelerometer counts per minute

A B

B (95% Cl) p B (95% Cl) p
Age, years -.015 (-0.022- -0.008) .000
Sex (male=0, female=1) .152 (-0.069- 0.373) 177
Disease duration, years .000 (-0.001- 0.001) .783
DAS28 -.035 (-0.107- 0.038) 343 -.013(-0.083-0.057) .716
ESR, mm/h -.011 (-0.020- -0.002) 013  -.009(-0.018- 0.000)  .042
HAQ -.330(-0.542--0.117) .003 -.357 (-0.556- -0.158) .001
Cholesterol, mmol/L -.044 (-0.141- 0.053) .370 .023 (-0.071-0.117) .627
Triglycerides, mmol/L -.181 (-0.329- -0.033) .017 -.091 (-0.234- 0.052) .210
HDL, mmol/L .156 (-0.045- 0.358) 127 .109 (-0.082- 0.300) .260
LDL, mmol/L -.063 (-0.176- 0.050) 269  .017(-0.091- 0.126) 751
Glucose, mmol/L, n=88 -.161 (-0.238- -0.085) 000  -.121(-0.199--0.042) .003
Smoker, yes=1 -.205 (-0.528- 0.119) 213 -.163(-0.465-0.138)  .285
BMI, kg/m2 -.037 (-0.055- -0.018) 000  -.034(-0.051--0.017) .000
Body fat, % -.018 (-0.028- -0.008) .000 -.023 (-0.033--0.012) .000
Waist circumference,cm  -.014 (-0.020- -0.008) .000 -.011(-0.017--0.005)  .001
Sleeping HR, beats/min -.014 (-0.027- -0.002) .026 -.013 (-0.025--0.001)  .037
Systolic BP, mm Hg -.011 (-0.016- -0.005) 000  -.008(-0.013--0.002) .006
Diastolic BP, mm Hg -.015 (-0.024- -0.006) 001  -.010(-0.019--0.001) .025
Systolic BP ao, mm Hg -.009 (-0.014- -0.005) 000  -.006(-0.011--0.001) .025
PP ao, mm Hg -.013 (-0.021- -0.006) 001  -.007(-0.017-0.002) .116
PWV, m/s -.079 (-0.119- -.0038) 000  -.038(-0.086-0.009)  .115
Alx bra, % -.004 (-0.007- 0.000) 031  .000(-0.004- 0.003) 851
Alx a0, % -.007 (-0.014- -0.001) 023  -.001(-0.008 0.007) .843
cIMT, mm -.615 (-1.151- -0.079) .025 .056 (-0.544- 0.656) 853

A: unadjusted univariate regression analyses. B: univariate regression analyses, adjusted for age,
sex, disease duration and Actiheart wear time.

DAS28= disease activity score, ESR= erythrocyte sedimentation rate, HAQ= Health Assessment
Questionnaire, HDL= high density lipids, LDL= low density lipids, BMI= body mass index, HR= heart
rate, BP=blood pressure, BP ao= aortic blood pressure, PP ao= aortic pulse pressure, PWV= pulse
wave velocity, Alx bra= brachial augmentation index, Alx ao= aortic augmentation index, cIMT=
carotid intima media thickness.
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Table 16. Multiple linear regression model presenting variables associated with total
physical activity (mean accelerometer counts per minute).

B Cl195% p

Body fat, % -.022 -0.032- -0.011 .000
HAQ -.204 -0.403- -0.006 .044
ESR, mm/h -.003 -0.011- 0.006 513

Adjusted for age, sex, disease duration and Actiheart wear time.
HAQ= Health Assessment Questionnaire, ESR= erythrocyte sedimentation rate.

Variables associated with MVPA

Younger patients spent more time in MVPA, and higher proportion of MVPA was
associated with more favourable values of HDL, LDL, blood glucose, waist
circumference, sleeping HR and PWV (Table 17, A). After adjustments for age, sex,
disease duration and Actiheart wear time, more time spent in MVPA was associated
with lower levels of HAQ, and significant associations remained with HDL, blood
glucose and sleeping HR (Table 17, B).

Table 17. Linear regression analyses for variables in relation to (Log) MVPA (% of wear time).

MVPA %
A B
B (95% Cl) p B (95% Cl) p

Age, years -.037 (-0.059- -0.015) .001

Sex (male=0, female=1) .189 (-0.494- 0.872) .584

Disease duration, years .000 (-0.004- 0.003) .930

ESR, mm/h -.013 (-0.041- 0.016) 375 .002 (-0.028- 0.031) 914
HAQ -.585 (-1.252- 0.082) 085  -.718(-1.394- -0.042) .038
HDL, mmol/L .805 (0.199- 1.410) 010  .800(0.188- 1.412) 011
LDL, mmol/L -.411 (-0.751- -0.071) 018  -.336(-0.688- 0.016) 061
Glucose, mmol/L, n=88 -.456 (-0.699- -0.214) .000 -.401 (-0.658- -0.144) .003
Waist circumference, cm -.025 (-0.045- -0.005) .013 -.020 (-0.041- 0.002) .074
Sleeping HR, beats/min -.064 (-0.102- -0.026) .001 -.053 (-0.092- -0.015) .007
PWV, m/s -.165 (-0.293- -0.037) 012  -.069 (-0.226- 0.089) .390

A: unadjusted univariate regression analyses. B: univariate regression analyses, adjusted for age,

sex, disease duration and Actiheart wear time.

ESR= erythrocyte sedimentation rate, HAQ= Health Assessment Questionnaire, HDL= high density

lipids, LDL= low density lipids, HR= heart rate, PWV= pulse wave velocity.
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Paper IV

At baseline, the median aerobic capacity of the 13 participants was 26 ml O,/kg/min
and the median systolic and diastolic BP was 138/84 mm Hg (Table 18). Overall, the
subjects participated in 76% of the exercise sessions offered.

Changes over time

Shown in Table 18 are the recorded parameters at baseline, and at 10 and 25 weeks
respectively. After the exercise period of ten weeks, there were significant
improvements in terms of aerobic capacity, systolic BP, and the number of tender
joints compared with baseline. Diastolic BP and systolic BP in aorta improved at 10
weeks, though not to a significant level. At 25 weeks, there were still significant
improvements in systolic BP and at 25 weeks, BMI was also significantly improved
compared with baseline. Other variables reflecting disease activity, as well as
functional ability, were stable throughout the study.

Correlations

Table 19 presents the correlations between inflammatory markers and disability in
relation to baseline aerobic capacity and changes in BP at 10 weeks. At baseline,
participants with higher disease activity (as measured by ESR, CRP) and worse
functional ability (higher ratings in HAQ) showed lower aerobic capacity. Levels of
inflammation (tender joint count, pain, CRP, DAS 28) at 10 weeks showed a negative
correlation with changes in BP, i.e., participants with higher disease activity at ten
weeks improved less after completing the exercise programme. Functional ability
(HAQ) at baseline and at 10 weeks correlated inversely with changes in systolic BP
after 10 weeks.
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Table 18. Measures within the exercise group (n=13) at 10 and 25 weeks compared with baseline.
Data are presented as median and inter-quartile range (25-75%).

Baseline 10 weeks 25 weeks
Aerobic capacity, 26.0(19.0-36.0) 33.0(23.5-37.5)* 31.0(22.5-36.5)%
ml Oy/kg/min
Systolic BP, mm Hg 137.8 (120.4-152.5) 126.0 (113.8-137.7)**  126.0(117.8-139.2)# +
Diastolic BP, mm Hg 83.8 (72.8-92.4) 73.0(70.0-88.4) 80.0 (74.8-88.6)
Systolic BP ao,mmHg  137.7 (114.0-150.6) 118.0 (107.4-141.6) 122.0(115.4-136.7)
Cholesterol, mmol/L 5.1(4.8-6.2) 5.8 (4.7-6.0) 6.0 (5.1-6.4)
Triglyceride, 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 3.2 (2.6-4.3) 2.6(2.4-3.7) 2.3(2.1-3.4)
Tender joint count, n 2.0(2.0-9.0) 2.0(1.5-4.0)* 1.0(0.0-4.5)%
Swollen joint count, n 1.0(0.0-6.0) 0.0 (0.0-4.0) 0.0(0.0-1.0)
Global health, VAS, cm 1.9(1.2-4.2) 1.8(0.9-3.7) 1.5(0.2-4.0)
Pain, VAS, cm 2.6(1.8-4.0) 1.8(0.8-5.0) 1.8(0.2-4.0)
HAQ 0.63 (0.19-0.88) 0.38 (0.12-0.88) 0.50 (0.12-0.94)

t 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). BP= blood pressure, ao= aorta, BMI= body mass index, ESR=
erythrocyte sedimentation rate, CRP= C-reactive protein, DAS28= Disease Activity Score, VAS= Visual
Analogue Scale, HAQ= Health Assessment Questionnaire.

Additional analyses

The results found in paper Il, regarding relationships between aerobic capacity and CV
risk factors, subclinical atherosclerosis and inflammation, have led to complementary
analyses (unpublished, Table 20): At baseline, aerobic capacity was inversely related to
BMI and PWV. Aerobic capacity after the exercise period at 10 weeks, was inversely
related to resting HR and PWV. Further, at the follow-up at 25 weeks, higher aerobic
capacity correlated with lower values for systolic BP, resting HR and PWV. The inverse
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relation between disease activity and aerobic capacity at baseline, was no longer
prevalent at ten or 25 weeks.

Table 19. Correlation coefficients (rs) between inflammatory markers and functional ability at
baseline and at 10 weeks in relation to baseline aerobic capacity (ml O,/kg/min) and changes
(delta values) of blood pressure (BP) at 10 weeks. The correlations were calculated using the
Spearman rank correlation coefficient method.

Baseline Changes (delta values) at 10 weeks

Aerobic capacity Diastolic BP Systolic BP Systolic BPao
Baseline
ESR, mm/h -.687** -.122 142 .076
CRP, mg/L - 727** -.366 -.487 -.454
HAQ -.572% -.028 -.576* -.526
10 weeks
Tender joint count -.038 -.173 -.556* -.513
Pain -.348 -.011 -.620* -.468
CRP, mg/L -.390 -.661* -.765%* -.629*
DAS 28 .000 -.580* -.495 -.545
HAQ -.656* -.153 -.601* -.535

*p <0.05 **p<0.01. ESR= erythrocyte sedimentation rate, CRP= C-reactive protein, HAQ=
Health Assessment Questionnaire.

Table 20. Correlation coefficients (rs) between aerobic capacity (ml O,/kg/min) and risk
factors for CVD at baseline, at ten and 25 weeks. The correlations were calculated using the
Spearman rank correlation coefficient method.

Aerobic capacity

Baseline 10 weeks 25 weeks
BMI, kg/m? -.584* -.551 -.469
Systolic BP, mm Hg -.424 -.388 -.574*
Resting HR -.501 -.601* -.575*
PWV ao, m/s -.623* - 782%* -.745%*

*p<0.05 **p<0.01. BMI= Body Mass Index, BP= blood pressure, HR= heart rate, PWV ao,
aortic pulse wave velocity.

56



General discussion

Main findings

The present work describes aspects of physical activity, with a prospective, cross-
sectional as well as interventional approach, and further, analyses associations with
disease activity, traditional cardiovascular risk factors and subclinical atherosclerosis in
patients with RA. In conclusion, the level of aerobic capacity was maintained from
disease onset and over the follow-up periods of two and 16 years, respectively. In
paper |, patients with response to therapy two years after diagnosis had higher aerobic
capacity compared with patients without response. In paper Il, higher disease activity
during the first two years after diagnosis predicted lower aerobic capacity after 16
years. Higher aerobic capacity at the time for diagnosis implicated more favourable
CVD risk profile after 16 years and the association between aerobic capacity and CVD
risk factors was found also at the time of follow-up after 16 years. Paper lll, presented
similar levels of physical activity and sedentary time in patients with early and long-
standing RA. Physical activity was associated with more favourable values for CVD risk
factors and markers for subclinical atherosclerosis. Higher disease activity related to
less time spent on physical activity. The pilot study showed, that the intervention with
spinning exercise was feasible for the group of RA patients included, and that ten
weeks of spinning exercise positively affected aerobic capacity and CV risk factors.

Aerobic capacity

In a review by Munsterman, people with RA were considered to have low aerobic
capacity compared to normal values (8). In paper | and II, aerobic capacity was higher
among our subjects than in several other studies published (Table 5) and the
participants also had been able to maintain their aerobic capacity during the two years
and 16 years of follow-up. This is a promising finding, since the importance of physical
activity and exercise is highly emphasized to the patients participating in the TRAM
clinic. Aligned with our results, Hikkinen et al, compared three groups of physically
active women with early RA, long-standing RA and healthy controls. No difference in
aerobic capacity was found between the three groups, which, suggested by the
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authors, indicated that it was possible for physically active women to maintain their
aerobic capacity despite several years of RA (128).

In paper |, the median (Q1-Q3) aerobic capacity of the patients included was 31 (27-39)
ml/kg/min at the time of diagnosis and 33 (25-38) ml/kg/min after 24 months. The
corresponding baseline values in paper Il were 32 (28-44) ml/kg/min at baseline and 31
(27-37) ml/kg/min after 16 years, (32 [28-42] ml/kg/min and 33 [28-39] ml/kg/min
when using the Tanaka equation (169) for age correction). The values of aerobic
capacity can be evaluated in light of the cut-off value of 28 ml/kg/min, for increased CV
risk and all-cause mortality in the general population, published by Kodama et al. (59).
However, test values below 35 ml/kg/min for women and 44 ml/kg/min for men, have
shown to increase the risk for having a cluster of CV risk factors (194), showing the
need for improvements of aerobic capacity in patients with RA. Our results are in
contrast with a recent study from UK, presenting mean (SD) 21 (5) ml/kg/min in 96 RA
patients with a disease duration of 8 years (152), but closer to the test result of mean
(SD) 29 (9) ml/kg/min, presented in a Swedish study of 220 patients with 12 years of
disease (151), and also in concordance with Eurenius et al, who presented values
similar to norm data for Swedish RA patients after 6.5 years of disease duration (9).

Nonetheless, in comparisons with norm data, we must bear in mind, that a great part
of the general population is too physically inactive with regard to current
recommendations, and thereby may have lower levels of aerobic capacity than
desired. Furthermore, findings from older studies, performed when patients were
more physically impaired due to less efficient medical and rehabilitative care,
complicates comparisons with recently published studies.

Physical activity

Total volume of physical activity as well as the proportion of MVPA and sedentary
time, were measured and compared between patients with early and longstanding RA.
Interestingly, no significant differences were found between the groups, and disease
duration was not associated with the three aspects of physical activity measured. No
difference in age, DAS28 and HAQ was found between the groups, which may
contribute to the similar physical activity behaviour. Both groups met the public health
recommendations of physical activity (39). However, MVPA was not measured in bouts
of at least ten minutes, which is specified in the recommendations. Furthermore, the
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variation was large, and 37% of the patients with early and 43% of the patients with
long-standing RA, failed to reach the recommended levels of physical activity.

Studies presenting objectively measured MVPA in patients with early RA are sparse,
but when self-assessed in a Swedish randomized controlled study including 228
patients, close to 50% achieved the recommended level of physical activity (109), and
in patients with a symptom duration of 16 weeks, 69% reached the recommended
levels. One year later, after the initiation of medical treatment, the proportion had
increased to 89% (166).

Findings from studies analysing objectively measured physical activity in patients with
several years of disease present daily MVPA varying from median (IQR) 14 (0-34)
min/day (47), mean (SD) 19 (19) min/day (134) up to median 36 min/day (101) (Table
4). The corresponding daily MVPA in our study was median (Q1-Q3) 34 (9-75) min/day
in early and 26 (11-74) min/day in long-standing RA, respectively. When compared
with objectively measured MVPA in healthy people living in ten European countries,
RA patients can be considered less physically active. In that study, the Swedish women
and men, aged mean (SD) 52(8) years, spent median (Q1-Q3) 86 (55-120) and 112 (74-
166) min/day respectively, in MVPA (185).

Disease activity

Disease activity seems to be related to aerobic capacity as well as physical activity
behaviour. In paper |, Il and IV, we found associations between disease activity and
aerobic capacity. In paper I, we found that patients who responded to therapy (173),
measured at 24 months after diagnosis, had significantly higher aerobic capacity
compared with non-responders both after 12 and 24 months of disease. Multiple
regression modelling in paper Il, showed, that disease activity in early disease
predicted the level of aerobic capacity after 16 years after adjusting for baseline values
of aerobic capacity. In paper IV, the relationships between markers of inflammation
(measured as ESR and CRP) and aerobic capacity were strong at baseline, but no longer
prevalent after the exercise period. A recent paper by Zoli et al. presented a significant
association between disease activity, measured by CRP, and aerobic capacity in a small
group of RA patients with a disease duration of <1 year (131). However, we have not
been able to find previous studies verifying the prognostic value of disease activity on
future aerobic capacity.
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The opposite association, with an impact of aerobic capacity on disease activity, was
found by Stavropoulos-Kalinoglou et al. (150). They found, that aerobic capacity was a
strong predictor for improvements in DAS28 after a six months exercise period.

In paper lll, higher disease activity was associated with lower level of total physical
activity. No associations were found with time spent in MVPA. Our findings are in line
with those of Khoja et al, who found higher disease activity to be associated with more
time spent sedentary and in lower intensities, but no association was found for time
spent in MVPA (101). In contrast to this, only one of the studies included in a review
from 2014, found a correlation between disease activity and physical activity (162).
However, this review only included six studies investigating this correlation, most of
them based on self-assessed physical activity.

Traditional cardiovascular risk factors and atherosclerosis

The established beneficial associations of aerobic capacity (59) and physical activity
(195) on CVD risk factors, seen in the general population, appears to also be evident in
RA patients. Higher levels of aerobic capacity and physical activity were related to a
more beneficial CVD risk profile. In paper I, we found significant associations between
aerobic capacity and several risk factors for CVD. At the time of follow-up, aerobic
capacity was related to more favourable measures of blood glucose, BMI, body fat,
resting HR and PP. Baseline aerobic capacity also predicted BMI, waist circumference
and PP over time. Paper IV presented significant inverse correlations at baseline
between aerobic capacity and BMI as well as PWV. Aerobic capacity after the exercise
period at 10 weeks, was inversely related with resting HR and PWV. Furthermore, at
the follow-up at 25 weeks, higher aerobic capacity correlated with lower values for
systolic BP, resting HR and PWV.

In line with our results, Metsios et al found aerobic capacity to be significantly
associated with body fat and insulin resistance, but also with HDL and 10-year CVD risk
after adjusting for DAS28, HAQ and physical activity (9). Furthermore, aerobic capacity
was a strong predictor for improvements of the endothelial function after a six-month
exercise period (157).

In paper lll, higher total volume of physical activity and also higher proportion of MVPA
implicated more favourable risk factors for CVD and measures of subclinical
atherosclerosis. We adjusted for age, sex, disease duration and Actiheart wear time,
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and found total amount of physical activity to be associated with lower values of blood
glucose, BMI, body fat, waist circumference, sleeping HR, systolic and diastolic BP, and
aortic systolic BP. More time spent in MVPA indicated higher HDL, lower blood glucose
and lower sleeping HR. Interestingly, total amount of physical activity, i.e., despite
intensity, was more strongly associated with CVD risk factors than time spentin higher
intensities. This is in accordance with Khoja et al, who presented equivalent or
stronger associations between physical activity and CVD risk factors at lower intensities
compared with moderate intensity (101). The beneficial relationship between low
intensity physical activity and CVD risk was confirmed by Fenton et al. (100).

Self-efficacy

Self-efficacy has been shown to associate with physical activity (162) and impact on
physical activity maintenance (117). Aerobic capacity can be considered as one of
several measures of physical activity. In paper Il, we found several associations
between self-efficacy and aerobic capacity, i.e., follow-up values of self-efficacy and
aerobic capacity were related (rs-.464, p=.020) and baseline aerobic capacity was
related to self-efficacy at follow-up (rs=.420, p=.037). Enhancing self-efficacy seems to
be an important target for rehabilitation interventions.

Intervention

Aerobic exercise is recommended for improving aerobic capacity in patients with RA
(23-25). In paper IV, we evaluated the effects of ten weeks of spinning exercise on
aerobic capacity, disease activity and CV risk factors. The study was designed as a pilot
study, with a small number of participants. Nevertheless, the spinning exercise induced
effects, regarded to be clinically significant for the risk of CV mortality (59, 196).
Aerobic capacity increased by median 7 ml/kg/min and systolic BP decreased by 11
mm Hg. A 15% risk reduction for CVD for every 1 MET (3.5 ml/kg/min) increase of
aerobic capacity has been presented (59) and a 10 mm Hg reduction in systolic BP has
been associated with a reduction in risk of stroke by 40% and of IHD by 30% in
normotensive subjects (196). Importantly, the intensive spinning exercise did not
cause any detrimental effects on disease activity. On the contrary, the number of
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tender joints decreased significantly, and based on the objective measures as well as
the diary notes, we could conclude, that the spinning exercise was a feasible method
to improve aerobic capacity and systolic blood pressure for the patients included.

Methodological considerations, strengths and limitations

The large majority of patients in the county of Vasterbotten with suspected early RA,
are referred to the Department of Rheumatology, Umea University hospital, which is
the only department in the county. If diagnosed with RA, they are offered inclusion in
the Early Rheumatoid Arthritis Clinic (TRAM). Thus, we consider these patients to be
representative of individuals with RA in this geographical area. External validity was
affected by the exclusion of patients at higher age, with serious comorbidity or
functional limitations (paper I-IV) and those medicating with beta blocking agents
(paper I, Il and IV), indicating the present work to be valid for a slightly younger, less
impaired RA population. In addition, 60 patients were invited to participate in the
intervention study, whereof 13 finally participated. It was presumably the highly
motivated patients who chose to participate, which may be mirrored by the high
attendance to the sessions (76%).

In paper lll, physical activity was estimated using the Actiheart monitor over seven
days, worn continuously to avoid exclusion of water-based activities such as
hydrotherapy, a popular type of exercise for patients with RA. Compared with self-
assessment, this measurement is made in real time and not dependent on recall or
interpretation of questions. Data was adjusted for Actiheart wear time in order to
present as accurate results as possible. The Actiheart is considered a reliable and valid
tool, when tested against ECG, chest-worn HR monitoring and sinusoid accelerations
(182). Estimates of energy expenditure have been validated against DLW (197), but
unfortunately, the monitor has not been validated in RA patients. Comparisons
between studies using different activity monitors are hampered by their different
proprietary formulas to clean the data from noisy signals and translate the
accelerometer counts into physical activity measures (198, 199). The output styles vary
and cut-off points for defining MVPA differ between monitors. Another difficulty when
using accelerometers, is to distinguish non-wear time from sedentary time, since both
these periods present zero counts. However, the combined accelerometer and heart
rate monitor used in this study, can differentiate between non-wear time and
sedentary time based on the heart rate measurements.
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The “gold standard” method to measure aerobic capacity is by collecting and analysing
respiratory gases during maximal effort. However, functional impairment due to RA or
old age, as well as fear of aggravating symptoms or poor motivation, may be obstacles
to satisfactory completion of a maximal test. In paper I, Il and IV, aerobic capacity was
estimated by the Astrand submaximal ergometer test (48), recommended in patients
with RA (23, 25). When tested in RA patients, the Astrand test was considered to be
highly valid and feasible but using the Tanaka age correction (169) instead of the age
correction in the Astrand test, increased validity when compared with a maximal test
(200). Consequently, in paper I, we chose to correct the estimated aerobic capacity for
age according to Tanaka et al. (169) in order to increase the validity of the test, but we
also presented the test values using the original age correction factor included in the
Astrand test to facilitate comparison with other studies.

Pulse wave analysis and carotid ultrasonography were used as markers for subclinical
atherosclerosis. Pulse wave velocity (201) as well as Alx and aortic systolic BP (202)
improves prediction of CVD in the general population. Publications by Vlachopoulos et
al. have presented an increased risk for CV events by about 14% with every 1 m/sec
increase in aortic PWV (201) and by about 32% with each 10% increase in Alx (202).
Pulse wave velocity and Alx is predictive for future CV events also in patients with RA,
when using the cut-off values >9.9 m/s for PWV and > 31 % for Alx (70). The
reproducibility of PWV, measured by Arteriograph, is high (203) and there are strong
correlations between measures by Arteriograph and invasively measured aortic Alx,
aortic systolic BP and PWV values (71).

Increased cIMT is associated with higher prevalence of CVD (204) and predicts future
CV events independently from traditional risk factors, in the general population (205)
as well as in patients with RA (70). Reliability of the measurements is highly dependent
on the skills of the sonographer. Hence, the major part of the measurements was
made by the same sonographer and in total, only three sonographers were involved in
the measurements.

Strengths of the included papers are the well-defined populations in paper |, Il and llI,
the use of reliable and valid measurements and the long follow-up time of aerobic
capacity, which, as far as known, have not been presented earlier. Limitations to
consider are the small sample sizes in paper Il and IV, which may have affected the
results and diminished the generalizability. Nonetheless, we were able to show
significant changes over time and correlations with several measures of both clinical
and scientific interest. Our results also cohere with results from other studies, on RA
patients as well as on the general population. We also have missing values in paper |,
which, although compensated for, may have affected the results.
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Clinical implications

The present findings are aligned with previous research on the beneficial associations
between physical activity (98) and aerobic capacity (9) with risk factors for CVD in RA.
The maintained aerobic capacity over the long follow-up time, and the predictive value
of aerobic capacity on future risk factors for CVD, presented in paper Il, add to
previous knowledge in the field. Physical activity and exercise are cornerstones for
prevention and treatment of the consequences of RA (119). The results presented
herein further stress the importance of an active lifestyle in this group of patients.
Spinning exercise seems to be a feasible method in order to increase aerobic capacity
and lower blood pressure without adverse effects on disease activity. As a result of the
pilot study, spinning exercise has become a regular activity at our department, further
showing the feasibility of the method. Numerous studies have presented the
importance of self-efficacy for being physically active (117). The present relations
found between self-efficacy and aerobic capacity, which is one manifestation of
physical activity participation, indicate that interventions aiming at increasing self-
efficacy may facilitate behavioural change. Since disease activity seems to negatively
impact on future aerobic capacity, patients with higher disease activity should be
prioritised for interventions and support for health enhancing PA.

Measures of physical activity and aerobic capacity are encouraged to be incorporated
in the clinical management, as a part of the CVD risk assessment in RA. The importance
of physical activity also in the preventive work has been increasingly recognized and
emphasized in the recent update of Swedish recommendations (155) as well as on
European level (95). Since RA patients have been shown to underestimate their risk for
CVD (206) and also interpret physical activity intensity differently than health
professionals (207), test of aerobic capacity and objective measures of physical activity
are recommended to clarify the picture and to serve as a basis when guiding the
patients in achieving and maintaining a healthy lifestyle.
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Future research

Several questions remain to be investigated further. We used traditional CV risk factors
and early signs of atherosclerosis as proxies for CVD. Whether higher levels of physical
activity or aerobic capacity have the potential of decreasing the number of CV events
in RA still remains to be determined scientifically, which could be possible in a
longitudinal study with CV events as the outcome measure. This would require a large
sample size, though, as well as time and resources. Registration of aerobic capacity and
measures of physical activity in the Swedish Rheumatology Quality Register (SRQ) may
facilitate and serve as a basis for further studies.

Studies presenting levels of aerobic capacity in patients with RA are few and
inconclusive. Some of them were conducted decades ago, when medical treatment
was less efficient and patients were recommended to avoid strenuous exercise in fear
of aggravating symptoms and increasing disease activity. There is a need for further
research, also including analyses of associations with disease related variables and CV
risk factors.

Physical activity has been shown to decrease inflammation, which also the present
results from spinning exercise indicated. In a Swedish cohort (n=617), patients self-
assessed their level of physical activity five years prior to RA diagnosis. Adjusted for
possible confounding variables, a higher physical activity level was related to a milder
disease, as measured by disease activity, pain and functional ability (4). Physical
activity has also been shown to impact on the risk of developing RA (3). These results
are interesting and raise questions about the impact of physical activity on RA disease.

Finally, monitoring of physical activity can be a good motivator for increasing or
maintaining health-enhancing physical activity. A device for objective measurement, to
be used by patients as well as an assessment tool for health professionals, need to be
developed further and validated for the RA population.
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Conclusions

The main conclusions of the present work are as follows:

» The majority of the patients with early RA had impairments of the joint- and
muscle function over 24 months even though disease activity decreased
significantly, indicating a need for regular evaluations of physical functions
besides disease activity to prevent continuous development of functional
losses (Paper 1).

» Aerobic capacity was stable from diagnosis and over the following 24 months
and patients with response to therapy had a higher aerobic capacity
compared with non-responders (Paper I).

» The aerobic capacity was maintained over 16 years and higher disease activity
in early stages of RA predicted lower aerobic capacity after 16 years (Paper ).

» Higher aerobic capacity was associated with more favourable measures of CV
risk factors. Furthermore, high baseline aerobic capacity associated with
favourable measures of cardiovascular risk factors after 16 years, indicating
that aerobic capacity has a role to play in the management of CV risk in RA.
Regular testing of aerobic capacity with a priority of patients with higher
disease activity is advocated (Paper Il).

» Total amount of physical activity as well as time spent in MVPA and sedentary
was similar in patients with early and long-standing RA. However, a
substantial proportion of participants did not meet national
recommendations for MVPA (Paper llI).

» Measures of disease activity and severity associated with lower levels of
physical activity. Furthermore, higher total volume of physical activity and
also higher proportion of MVPA implicated more favourable values of CV risk
factors and measures of atherosclerosis (Paper Ill).

» In the RA patients included, intensive spinning exercise sessions three times
per week for 10 weeks, was a feasible method to improve aerobic capacity
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and BP to levels that are considered to be clinically relevant in decreasing the
risk of CVD (Paper IV).

The spinning exercise at the designed intensity did not induce any detrimental

effects on disease activity. On the contrary, the number of tender joints
decreased significantly (Paper IV).
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