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Abstract
Rheumatoid arthritis (RA) is a chronic inflammatory auto-immune disease, causing progressive damage to the musculoskeletal system. Many
patients with RA also suffer from accelerated muscle loss or cachexia, which contributes to the loss of physical function and quality of life.
Physical activity plays a central role in the management of the disease as it is essential to maintain muscle strength and endurance, range of motion
and the ability to perform activities of daily life. On the other hand, given the nature of the disease, there is always an increased risk for injury.
There is a large amount of literature investigating the effect of exercise interventions on muscle function and disease activity. These studies show
that exercise clearly improves muscle function without affecting disease activity. Studies including radiographic evaluation of joint damage as an
endpoint also show that there is no evidence that exercise, even high-intensity exercise, increases inflammation or joint damage, although care
should be taken with patients with severe baseline damage. Regarding daily physical activity (exercise is only one component of physical activity)
there is hardly any research done showing either that physical activity is indeed decreased in patients or whether or not there is a relation between
daily physical activity and disease activity. The results from studies looking at the effect of exercise on muscle mass or the ability to prevent or
reverse cachexia are somewhat contradictory, but it seems that when the training dose is sufficiently large, gains in muscle mass can be achieved.
© 2008 Elsevier Inc. All rights reserved.
Keywords: Physical activity; Exercise; Rheumatoid cachexia; Disease activity

1. Introduction
Rheumatoid arthritis (RA) is an inflammatory auto-immune
disease affecting primarily the synovium. It is characterised by
chronic, symmetric polyarthritits and erosive synovitis, which
may lead to several degrees of articular destruction, loss of
function and increased energy expenditure [1]. Systemic complaints such as fatigue and weight loss are not infrequent. It
affects approximately 1% of the adult population, and is most
prevalent among those aged 40–60 years. The risk of developing
rheumatoid arthritis is about five times higher in women [2]. As a
consequence of their disease, patients suffer from joint pain,
restricted mobility and reduced muscle strength and endurance
[3]. It has been reported that 10 years after disease onset, 32.7%
of patients had stopped working for health reasons [4]. Since it
concerns a musculoskeletal disorder, it was initially thought that
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exercise, putting extra strain on the joints, might worsen the
symptoms and cause additional joint damage. The advice against
exercise resulted from the presumption that more weight-bearing
gives more damage to the inflamed and already damaged joints
and that the inflammation could be perpetuated by moving the
joint. Furthermore, since RA patients have a fear of moving there
was a strong disbelief that patients were able and willing to
exercise. However, as will become clear in this review, exercise
or physical activity in general, plays an essential role in the management of the disease.
In addition to the pathophysiology described above, many
patients suffering from RA also suffer from an accelerated loss of
muscle mass, also known as rheumatoid cachexia, which is
thought to contribute to a 2–5 times higher all-cause mortality and
reduced life-expectancy of 3–18 years [5]. As will be explained
later, physical activity is likely to play a central role in the pathogenesis of rheumatoid cachexia.
This review will discuss the importance of physical activity in
the management of RA from several points of view. A differentiation will be made between exercise per se and physical activity
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in general. The effect of exercise on the progression of the disease,
either positively or negatively, will be discussed, as well as the
effect on the major symptoms such as joint pain, restricted mobility and fatigue, on muscle strength and endurance, and quality
of life in general. In addition, the role of physical activity in the
prevention or treatment of cachexia will be addressed. For some
of these topics, a large amount of literature is available, and the
discussion here will be based on bringing together the results from
other excellent systematic reviews. For other topics, literature is
more scarce, allowing a more detailed description of the original
articles.
2. Exercise, physical activity and activity related
energy expenditure
Before one can discuss the role of physical activity in the
context of RA, it should be pointed out that although exercise,
physical activity and activity related energy expenditure are
clearly related, they are not the same.
Physical activity in the broadest context includes all body
movements, produced by skeletal muscles, that result in energy
expenditure [6]. It is a complex behaviour including sports as well
as non-sports activities. Sports are often planned, structured and
repetitive with the objective to improve or maintain physical
fitness [6] while non-sports activities can be subdivided into
different categories such as occupational, leisure time and household activities, personal care or transportation. With regards to
sports or exercise, a distinction can be made between aerobic
(endurance) training and strength (resistance) training. The differentiation between exercise and physical activity might seem
obvious, but these terms are often used interchangeably, while in
fact exercise is only one aspect of physical activity. The relevance
of this differentiation can be nicely illustrated with a study of
Meijer et al. [7]. It was shown that in an elderly population
(N 55 y), exercise training did not result in an increase of total daily
physical activity. In fact, exercise training was compensated for
by a significant decrease in non-training physical activity.
Total energy expenditure (TEE) consists of basal metabolic
rate (BMR), diet induced thermogenesis (DIT) and activity
related energy expenditure (AEE). Although BMR is about two
thirds and hence the largest component of TEE in moderately
active subjects, AEE is the most variable component and the
easiest to manipulate. As is clear from the definition, physical
activity always results in energy expenditure. But, when using
activity related energy expenditure as a quantity of physical
activity, it should be realised that the amount of energy
expenditure is not just determined by the amount of body
movement. In fact, the main determinant of energy expenditure
is body mass or more specifically body composition. Furthermore, chronic inflammation is known to increase energy
expenditure as well. Indeed, it has repeatedly been shown that
BMR is increased in patients with RA [8,9]. In addition, De
Carvalho et al. showed that during standardises walking on a
treadmill, oxygen consumption and hence energy expenditure
was significantly higher in patients with RA than healthy
controls, as was the rate of perceived exertion [1]. This implies
that the metabolic cost of daily physical activities like walking,
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cycling or household activities might be higher in patients. It is
plausible that this contributes to increased fatigue.
So basically, an exercise intervention does not necessarily
mean an increase in daily physical activity and an equal activity
related energy expenditure between groups does not necessarily mean an equal amount of physical activity but might
merely reflect differences in body size, composition or disease
activity.
3. Is habitual physical activity reduced in patients with RA?
It is generally assumed that habitual physical activity is decreased in patients with RA as a consequence of joint pain,
restricted mobility, fatigue, reduced muscle mass, strength and
endurance. However, there is surprisingly little research available comparing daily life physical activity between patients with
RA and healthy controls. Self-reported physical activity using
the Paffenbarger Physical Activity and Exercise Index showed
that patients spent significantly less kcal on physical activity
compared to controls which was mainly caused by less walking
[10]. Another study showed that patients with newly diagnosed
RA performed less leisure activities as assessed by a leisure
activity scale [11]. Lemmey et al. showed significantly lower
levels of physical activity in patients with RA versus controls
using a questionnaire that quantifies physical activity undertaken during a normal week on an 8 point scale [12]. In contrast,
data collected from the Nurses Health Study showed no
significant difference in questionnaire assessed physical activity
between women with and without RA [13]. Studies using
objective methods to assess physical activity are even more
scarce. Roubenoff et al. used both accelerometry and doubly
labelled water (the golden standard to assess total daily energy
expenditure) to assess daily physical activity in 20 women with
RA and 20 healthy controls matched for age and body mass
index (BMI). The physical activity level (PAL), calculated as
total energy expenditure divided by resting, was lower in
patients than in controls (1.70 ± 0.24 versus 1.89 ± 0.35; p = 0.07)
which was confirmed by significantly less energy spent on
physical activity as measured by the Caltrac accelerometer [14].
However, the reported PAL for patients in this study (1.70) is the
same as the average PAL for the normal female population (1.69 ±
0.23) of the same age as found by a meta-analysis of 574 doubly
labelled water studies [15]. So it seems that the control population
had a high PAL compared to the general population rather than the
PAL in patients to be lower. Another study using two different
motion sensors (Caltrac accelerometer and the University of
Cincinnati Motion Sensor) found a trend for a decreased daily
physical activity in children with juvenile rheumatoid arthritis as
compared to healthy children although the difference was not
significant (p = 0.07 for both accelerometers) [16]. In the same
study, the results from a 3-day activity record and a questionnaire
showed significantly lower levels of physical activity in patients
and less participation in strenuous activities.
Although this literature provides some support for the notion
that physical activity is indeed decreased in patients with RA, there
is clearly a lack of hard evidence-based on objective assessment
methods.
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4. Exercise in the treatment of RA

5. Exercise and rheumatoid cachexia

In contrast to the literature on habitual physical activity, a lot
more research focussed on the effect of exercise training on
different disease parameters. Given the nature of the disease, i.e. a
musculoskeletal disorder, the question arises whether exercise,
putting extra strain on the joints, is beneficial or aggravates disease
activity. Basically the questions to be answered are 1) what is the
effect of exercise on muscle strength and endurance, fatigue, physical functioning and hence quality of life and 2) does exercise
affect joint damage?
Historically, the goals of exercise were directed at pain relief
and improvement of joint mobility and flexibility. In the last
decades, exercise has increasingly been directed towards improvement of muscle strength and aerobic capacity with the ultimate
goal to improve functional ability and quality of life. A reduced
function will result in decreased ability to perform activities of
daily life, decreased independence and the adoption of a sedentary
lifestyle with a negative psychosocial impact and an increased risk
for cardiovascular disease. With respect to the musculoskeletal
system, the three most essential elements for optimal functioning
are range of motion (flexibility), strength and aerobic capacity
(endurance). Most exercise intervention trials are based on resistance and/or aerobic training.
A large number of trials have been published with respect to
the effect of exercise training on disease progress, pain, quality
of life, range of motion, strength and aerobic fitness. Studies
differ with respect to the specifics of the exercise regimen (type,
duration and frequency), the types of patients included, and the
end points used. Stenström and Minor concluded from 15 randomised controlled trials that there is a growing body of evidence that aerobic or strengthening exercise has beneficial
effects on aerobic capacity and muscle function respectively.
Most studies however found no effect on pain, range of motion,
the ability to perform activities of daily life or health-related
quality of life. There was also no evidence of a positive or negative effect on disease activity or joint destruction [17]. Recently,
the evidence with regards to the role of therapeutic exercise in
the management of RA in adults was reviewed by an expert
panel [2]. Ninety relevant publications were identified of which
16 met the selection criteria and were included in the analysis.
The Panel concluded that there was sufficient evidence to
support the use of therapeutic exercises, especially knee functional strengthening, general physical activity, and whole-body,
low intensity exercises for the management of RA. Conversely,
evidence was lacking at present as to whether the use of shoulder and hand strengthening exercises and whole-body, highintensity exercises should be included or excluded in the daily
practice of physical rehabilitation for RA management [2].
Another recent review by Pedersen and Saltin [18] assessed the
positive effect of training on pathogenesis, symptoms specific to
RA, physical fitness or strength, and quality of life and rated the
available evidence as strong, moderate, limited or no evidence.
They concluded that there was considerable agreement between
the studies that dynamic physical activity improves physical
fitness and muscle strength, but has no or only a moderate effect
on disease activity and pain.

Patients with RA have restricted mobility, reduced muscle
strength, ranging from 30 to 70% of that seen in people of similar
age, and reduced endurance, typically 50% of healthy controls
[3,18,19]. Reduced habitual physical activity may be caused by
joint pain, restricted mobility and fatigue, and will result in
decreased physical fitness. Since total body cell mass (also
referred to as lean body mass or fat-free mass) is the main determinant of functional capacity, the lower body cell mass observed
in cachectic patients might be both a consequence and a cause of
lower physical activity. Furthermore, the metabolic cost of performing a specific activity, as mentioned above, might be higher in
patients compared to healthy subjects [1], and may be an additional cause of decreased physical activity. The end result is a
vicious circle, where inflammation leads to pain, joint destruction
and muscle wasting resulting in decreased physical activity and
physical fitness. Decreased physical fitness will lead to a lower
functional capacity which, in turn, could decrease physical activity
and fitness even further [20].
In the long term, this cascade of events has consequences for
morbidity and mortality. The result of the loss of body cell mass
and decreased physical activity is an unfavourable body composition. As compared to healthy controls, many patients have a lower
fat-free mass and a relatively high fat mass, while body mass often
remains unchanged [8,21]. This is also referred to as cachectic
obesity, and in the long term may lead to a higher risk for insulin
resistance and cardiovascular disease.
Cachexia is characterised by a cytokine driven accelerated
loss of muscle mass. Tumour necrosis factor (TNF)-α is a proinflammatory cytokine, mainly produced by macrophages and
activated lymphocytes but also muscle cells, and its production
increases in response to inflammation. TNF plays a central role
in the pathogenesis of inflammatory rheumatic diseases such as
RA and ankylosing spondylitis [22,23]. Anti TNF-α is a novel
and frequently used treatment option in patients with active RA
and ankylosing spondylitis. Days to weeks after starting the
treatment, it improves the inflammation and thereby the functional ability and it retards the progression of radiological joint
damage. TNF-α has also been shown to be a key player in the
pathogenesis of accelerated muscle loss [24]. Although the
exact underlying pathophysiologic mechanism remains unclear,
it is known that TNF-α can induce muscle loss directly by both
stimulating muscle protein breakdown and reducing the sensitivity of skeletal muscle cells to anabolic stimuli [25]. One possible pathway is that TNF-α activates nuclear factor (NF)-κB
which in turn suppresses MyoD, a transcription factor that
regulates muscle cell differentiation [24]. In addition to the
direct effects of TNF-α on muscle anabolism and catabolism,
TNF-α can also affect muscle mass indirectly by its inflammatory properties and consequent joint pain and reduction in
physical activity (see vicious circle described above). So, a lack
of exercise exacerbates the cytokine driven loss of muscle mass.
Resistance training is a major anabolic stimulus, increases muscle
strength and physical functioning and should therefore have a
direct positive effect on the maintenance of muscle mass. Aerobic
training on the other hand, could be especially useful in the
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prevention of long-term complications of cachexia, such as
insulin resistance and cardiovascular disease.
Rall et al. studied the effect of 12 weeks of high-intensity
progressive resistance training of all major muscle groups in
patients with RA. The training was performed twice-weekly and
consisted of 3 sets of 8 repetitions of 5 different exercises (chest
press, leg press, leg extension, back extension and abdominal
curl machines), with the resistance set at 80% of 1-repetition
maximum. Although there was a significant increase in strength,
there was no change in body cell mass (using total body
potassium counting) or fat-free mass (using Dual Energy X-ray
Absorptiometry, DEXA) [26]. In a more recent study from
Marcora et al., patients with RA participated in progressive
resistance training, on average 2.5 times a week for 12 weeks.
Training was also based on 3 sets of 8 repetitions with a load
corresponding to 80% of 1-repetition maximum, but they
included 8 different exercises. There was a significant increase in
fat-free mass, measured by DEXA, which was mainly
concentrated in arms and legs [27]. The fact that they did find
a positive result on fat-free mass in contradiction to Rall and
colleagues is likely attributable to the higher number of
resistance exercises per training session and the higher training
frequency, since almost all other study characteristics were
identical [27]. A study from Hakkinen et al. confirmed the
positive effects of training on muscle mass. They found that a
21 week combined strength and endurance training program
significantly increased muscle mass in women with RA [28].
Although literature on the effect of exercise on body composition in patients with RA is limited, the described studies indicate that an increase in fat-free mass can be obtained when a
sufficient training dose is present. The question then arises whether
resistance training, which puts a considerable load on the joints and
muscles, has detrimental effects on disease activity.
6. Exercise and joint damage
Disease activity measured by inflammatory markers, pain or
changes in range of motion are commonly used outcome measures
to assess possible unfavourable effects of exercise. An overview of
15 randomised controlled studies assessing these parameters is
provided by Stenström and Minor [17]. The conclusion of these
studies was that pain and the ability to perform activities of daily
life remained unchanged in most studies, and that disease activity
was either reduced or unchanged. Even though these parameters
provide an indication of disease activity, the ultimate parameter of
interest in RA is joint damage. Joint damage progresses with years
in nearly every patient due to the fact that 1) once inflamed, joints
hardly ever come to a remission and 2) once damaged, joint
cartilage and bone wear of more easily. The effect of exercise on
radiographic joint damage is scarce, conceivably because exercise
interventions need to be sufficiently long in duration in order to
assess radiographic progression. Nevertheless, some long-term
studies are available, ranging from 26 weeks [29] to several years
[30–36]. Only the latter will be discussed here. Nordemar et al.
[35] investigated the effectiveness and safety of a supervised, longterm (4–6 years) exercise program performed once every other
week compared to usual care. Radiological progression of clini-
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cally affected joints was less pronounced in the exercise group than
in the control group. In a study of Stenström et al. [36] patients with
RA performed intensive dynamic water-based exercises once a
week and radiographic evaluation was compared with a usual care
group. After 4 years, there were no differences in radiological
progression between the groups. It has to be noticed however that
although exercise intensity in both these trials was sufficiently
high, the frequency was low, i.e. once every other week [35] and
once a week [36]. Results of other studies investigating the effect
of exercise on radiographic progression showed no differences
between intervention and control groups [30,33,34,37] or were
even slightly in favour of the exercise group [31]. Long-term highintensity exercise in the Rheumatoid Arthritis Patients in Training
trial [30] showed no statistically significant differences in radiographic progression of the large joints between the exercise and the
control group. A subgroup analysis however showed, that the
association between long-term high-intensity weight-bearing exercise and joint damage was influenced by baseline damage [38].
More details of the above mentioned trials can be found in a review
by de Jong et al. [39].
It seems from these studies that exercise, even high-intensity
exercise, is safe for patients with rheumatoid arthritis. None of
them found evidence for more radiographic joint damage with
training compared to controls, except in a subgroup of patients
who already had extensive baseline damage of large joints [38].
7. Conclusion
The consensus of systematic reviews is that patients with
rheumatoid arthritis, participating in exercise interventions, demonstrate improved aerobic fitness and muscle strength. As a consequence, patients' ability to perform activities of daily life and
health-related quality of life should improve as well, although not
all studies have found an effect on these two parameters. It is
possible that questionnaires, designed to assess these parameters,
such as the Stanford Health Assessment Questionnaire [40] are
not sensitive enough to capture exercise effects additional to
medication [17]. With regards to pain, disease activity and joint
damage, there is no evidence that exercise has detrimental effects
on disease activity [17,18,39]. Some studies even showed less
joint damage in the exercise versus control group. Care should be
taken when prescribing exercise in patients with severe baseline
joint damage [38] and evidence is lacking for the positive or
negative effects of exercise in patients of functional classes III and
IV [18]. However, most likely these patients will also benefit from
moderate intensity physical activity, that places little stress on the
joints. As also applies for the general population, patients will
benefit most from an overall increase in physical activity, to
improve cardiovascular and muscular fitness, which can be maintained throughout life. Exercise prescriptions are often hard to
sustain over longer periods of time, particularly a lifetime. In fact,
patients should be encouraged to be as physically active as
possible, have a variety of activity options, build activities into
their daily routines and develop an active lifestyle, rather than just
following exercise prescriptions [41].
So far, some research questions have not been sufficiently
addressed. There is no concrete evidence that daily physical
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activity is indeed lower in patients with RA compared to the
general population. Secondly, it is unclear how total daily physical
activity affects disease activity. Do patients that are
sufficiently physically active suffer from less severe disease
activity and are they therefore better able to maintain physical
functioning. Or are only those patients with a moderate disease
activity able to be sufficiently active to maintain functional
independency. In addition, there is a lack of literature on the
effects of exercise on the rate of cardiovascular events. This
should be addressed in future research since the mortality rate in
patients with RA is largely caused by cardiovascular death.
There is no doubt, that there is a lot more evidence in favour
of prescribing physical activity for patients with RA than there is
against. The conclusion is in full agreement with the statement of
Nordermar et al. in 1981 [35]: “The risk for a patient of being too
inactive is much higher than being too active”.
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