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Efficacy of progressive resistance training for patients with 
rheumatoid arthritis and recommendations regarding 
its prescription

Rheumatoid arthritis (RA) is a disease character-
ized by a high incidence of disability, cachexia, 
obesity, cardiovascular disease (CVD) and 
osteoporosis. To deal with RA generally, and 
these associated conditions specifically, the 
WHO [201] and various national health authori-
ties (e.g., the American College of Rheumatology 
[ACR], European League Against Rheumatism 
[EULAR], American College of Sports Medicine 
[ACSM] and the American Heart Association 
[AHA]) [1–7,202] have advocated progressive 
resistance training (PRT; i.e., systematic weight 
training) as adjunct therapy. Additionally, two 
Cochrane Reviews have supported the inclusion 
of this form of physical training in the routine 
treatment of RA patients [8,9]. However, despite 
this weighty advocacy, regular PRT is rarely 
p rescribed for, or undertaken by, RA patients.

In this article, the efficacy and safety of PRT as 
a treatment for RA will be discussed, with training 
recommendations and considerations outlined.

Disability, rheumatoid cachexia 
& osteoporosis in RA patients
�� Disability

Despite advances in pharmaceutical treat-
ment, disability remains a feature of RA. In the 
recently published report of the British Society 
for Rheumatology Biologics Register, large sam-
ples of patients receiving anti-TNF treatment 
(n = 12,672) or standard DMARDs (n = 3522) 
had median (interquartile range) Health 
Assessment Questionnaire (HAQ) scores of 2.1 

(1.8–2.5) and 1.6 (0.9–2.1), respectively [10]. 
These scores represent moderate-to-severe dis-
ability. As well as the enormous suffering and 
reduced quality of life (QoL) experienced on a 
personal level, this disability also has huge social 
and economic costs [11–13]. For example, work 
disability prevalence of 35% within 10 years of 
RA diagnosis is currently reported for both US 
and European populations [14,15].

Whilst the causes of disability in RA are 
multi factorial [16,17], Giles et al. have shown that 
it is strongly associated with adverse changes 
in body composition [18], with HAQ scores 
inversely related to appendicular lean mass 
(ALM; a surrogate measure of muscle mass) 
and directly related to total and appendicular 
fat masses (FMs). Subsequently, Stavropoulos-
Kalinoglou et al. have also shown that obesity 
in RA patients is independently associated with 
disability [19]. Such links between body composi-
tion and physical function are not surprising and 
reflect those observed in the elderly population in 
general. In this population classification as either 
muscle-wasted (sarcopenic) or obese significantly 
exacerbates the risk of disability, with the coin-
cidence of both conditions (sarcopenic obesity) 
observed to increase the likelihood of disability 
12-fold in women and ninefold in men [20].

�� Rheumatoid cachexia
Unfortunately, both reduced muscle mass 
and elevated adiposity, termed ‘rheumatoid 
cachexia’ [21], are common in RA. Muscle 

Rheumatoid arthritis (RA) is characterized by adverse changes in body composition including reduced 
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and osteoporosis risk. In this article, the efficacy and safety of progressive resistance training (PRT) – also 
known as systematic weight training – in restoring body composition and helping to treat these consequent 
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appropriate PRT programs, the principles of PRT program design have been outlined, with particular 
reference made to experiences with RA patients.
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wasting due to RA was first observed by Sir 
James Paget in 1873 [22] and has been consis-
tently reported over the last 20 years [23], most 
prolifically and notably by Roubenoff and col-
leagues [21,24–31]. This group, using below the 
50th percentile for arm muscle circumference 
of a reference population as the threshold of 
significant muscle loss, identified that 67% 
of their RA patients were rheumatoid cachec-
tic [27]. Using a more stringent cutoff of the 10th 
percentile, Munro and Capell concluded that 
50% of their British RA sample was cachec-
tic [32]. In a series of studies, mostly featuring 
patients who volunteered for high-intensity 
exercise training [33–35], we have found that 
two-thirds of our stable RA patients presented 
as muscle wasted according to the whole-body 
dual-energy x-ray absorptiometry (DXA) defini-
tions outlined by Baumgartner et al. (i.e., ALM 
[kg]/height2 [m2] more than two standard 
deviations below the mean of a young refer-
ence group) [36]. Interestingly, using the same 
methodology we found a similar incidence of 
rheumatoid cachexia in treatment-naive patients 
with recent-onset RA (<6 months since diag-
nosis), suggesting that the loss of lean body 
mass (LBM) occurs early in the disease [37]. 
The magnitude of this loss in LBM is reported 
by Roubenoff ’s group (using the potassium-40 
method) to be 14–16% in RA patients with con-
trolled disease [26,27,29], which coincides with the 
approximately 15% loss we observe in stable RA 
patients relative to age- and sex-matched healthy 
sedentary controls [Lemmey AB et al., Unpublished 

Data]. Given this magnitude of muscle loss, it 
is not surprising that RA patients have reduced 
muscle strength, with values ranging from 30 
to 80% of normal being reported [38–44]. Also 
consistent with expectations is the very strong 
relationship between muscle weakness and dis-
ability (as assessed by HAQ) in RA patients 
Stucki et al. revealed [45]. In this study, HAQ 
was significantly correlated with muscle strength 
index, disease activity, morning stiffness, pain 
and joint damage. However, when analyzing the 
effect of change in these predictors with change 
in HAQ, only muscle strength index and pain 
remained significantly associated, thus confirm-
ing the importance of the association of strength 
and, by extension, muscle mass with disability 
in RA.

The degree and prevalence of cachexia typi-
cally present in RA patients is alarming since it 
represents approximately a third of the maximal 
loss of body cell mass or LBM compatible with 
survival (40%) [30]. Additionally, as in other 

catabolic diseases, such muscle loss as well as 
causing weakness and disability is associated 
with impaired immune and pulmonary function, 
glucose intolerance, low aerobic capacity, loss of 
independence, depression, compromised QoL, 
osteoporosis and increased mortality [6,46–48]. 

�� Obesity
Muscle depletion associated with RA is gener-
ally undiagnosed (and consequently, untreated) 
as body composition is rarely assessed by clini-
cians and a concomitant increase in FM masks 
the decrease in muscle mass when bodyweight is 
measured. Thus, for a given BMI, Stavropoulos-
Kalinoglou et al. found that RA patients had on 
average 4.3% more body fat (BF) than matched, 
healthy controls [49]. Alternatively, for a given 
body fat percentage, RA patients have a BMI 
almost 2 kg/m2 lower than members of the 
general population (note: these authors have 
proposed that BMI cutoffs for defining ‘over-
weight’ and ‘obesity’ in RA patients should be 
reduced to 23 and 28 kg/m2, respectively [49]). 
Support for this point is made by comparisons of 
BMI and percentage BF values reported for RA 
patients. The mean BMIs typically reported for 
RA patients (25.2–29.1 kg/m2) [33,34,49–51] are in 
accord with that of the general UK population 
(27.1 kg/m2) [52], suggesting that RA patients, 
like the rest of the population, are generally 
merely overweight. However, when body com-
position is assessed [19,33–35,37,49,53,54], RA patients 
are revealed to be significantly fatter than the 
general population, with a mean percentage BF 
of approximately 40% [19,33–35,37] and a preva-
lence of obesity (using the criteria of 38% BF 
or more for women and 27% BF or more for 
men [30]) of approximately 80% [19,33–35,37]. 
Using a stricter criterion, Elkan et al. found that 
33% of women and more than 50% of men with 
RA had a FM index above the 90th percentile 
for the whole population [55]. As with muscle 
loss, this high prevalence of obesity is evident in 
recently diagnosed RA patients [37], again indi-
cating that the body composition perturbations 
characteristic of rheumatoid cachexia occur early 
in the disease. 

The accumulation of FM in RA has, in part, 
been attributed to the chronic inflammation 
that characterizes the disease and in particular 
increases in TNF-a and the activation of the 
nuclear factor (NF)-kB pathway, which in turn 
both contribute to reduced muscle mass [21,56]. 
Additionally, the sedentary lifestyle typical of RA 
patients [57], which diminishes energy expenditure 
[29], also contributes to accumulation of BF [49]. 
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Disturbingly, as well as favoring accumulation 
of higher total fat, RA appears to  preferentially 
predispose to central obesity [53,54,58,59]. 

In the general population, obesity, and in par-
ticular central obesity, is a well-established, inde-
pendent risk factor for CVD and many of the 
classical CVD risk factors [60,61]. Similarly, in RA 
patients, central obesity is linked with hyperten-
sion, elevated fasting glucose levels, metabolic 
syndrome [58] and arterial thickening and stiffen-
ing [59]. As there is an increased risk of CVD in 
RA patients, with rates of both CVD events and 
mortality increased approximately 50% relative 
to non-RA controls [62,63], one would assume 
that loss of fat, particularly centrally, would be 
highly beneficial for the cardiovascular health 
of this population. 

�� Treatments for rheumatoid cachexia
Clearly, interventions successful in reversing 
cachexia in RA patients (i.e., increasing muscle 
mass and decreasing FM, especially trunk FM) 
have the potential to improve physical function 
and thus decrease disability, prolong indepen-
dence, improve QoL, reduce comorbidities and 
perhaps increase life expectancy. Such an interven-
tion would also significantly reduce the huge eco-
nomic impact of RA (half of which results from 
production losses caused by functional impair-
ment [64]). Several anabolic agents, such as recom-
binant human growth hormone and androgens, 
have been proposed for increasing muscle mass 
in sarcopenic/cachectic states [65–69]. However, 
growth hormone therapy is expensive and may 
cause carpal tunnel syndrome and insulin resis-
tance, whilst anabolic steroids are associated with 
side effects such as liver disorders, masculiniza-
tion in women and prostate cancer and testicular 
atrophy in men [68–71]. Furthermore, when used 
alone, despite increasing lean mass, these drugs 
often fail to improve physical function [65,67,68,72]. 
Consistent with these findings are the findings 
of an unpublished randomized controlled trial 
conducted in our laboratory, in which nandro-
lone decanoate, an anabolic steroid, was adminis-
tered (intramuscular injection, 100 mg/week) for 
6 months to 20 male RA patients with stable dis-
ease [Elamanchi SR et al., Manuscript in Preparation]. 
Whilst nandrolone decanoate treatment increased 
mean ALM by approximately 1.5 kg in these 
patients, objective measures of physical function 
showed no improvement. 

As rheumatoid cachexia has been attrib-
uted to cytokine (principally TNF-a)-driven 
muscle catabolism by the Roubenoff group 
[27,29,73], it would be anticipated that treatment 

with anti-TNF drugs could restore a healthier 
body composition phenotype to RA patients. 
However, Marcora et al. found that treatment 
of recently diagnosed RA patients for 6 months 
with etanercept (an anti-TNF agent) had no 
effect on body composition relative to treatment 
with methotrexate (‘standard’ DMARD) [37]. 
This lack of effect of anti-TNFs on LBM in RA 
patients has subsequently been confirmed by 
Metsios et al. [74]. Of concern was their observa-
tion of increased trunk fat in this sample of estab-
lished RA patients following 3 months on anti-
TNFs [74]. These findings are further supported 
by a recent report, which observed increased 
FM in recent-onset RA patients treated with 
anti-TNFs for 21 months relative to DMARD-
treated patients (mean ± standard deviation [SD]: 
+3.4 ± 1.4 kg; p < 0.05) and no changes in LBM 
for either t reatment [75]. 

�� Osteoporosis
Another feature of RA is secondary osteoporosis. 
RA patients have greater incidence of osteoporo-
sis and osteoporotic fractures than matched non-
RA controls [76–82], with this increase attributed 
to the disease itself (systemic inflammation), 
treatment with high-dose oral glucocorticoids 
and sedentary lifestyle [80–83]. Low BMD in RA 
patients typically occurs at the hip, femoral neck 
and distal forearm, although apparently not the 
spine [44,80]. In addition, after high-dose steroid 
therapy, this diminished BMD in RA patients 
has been found to be most strongly associated 
with low strength (quadriceps and handgrip) 
and poor physical function [44,80,84].

Efficacy of PRT
The most, perhaps the only, effective, safe and 
economical intervention known to increase both 
muscle and bone mass and also improve physi-
cal performance in subjects of various ages is 
PRT [85].

�� Effects on function
The efficacy of PRT for improving strength 
in RA patients (Table 1) was first demonstrated 
by Machover and Sapecky in 1966 [86]. In this 
pioneering study, 11 male RA patients per-
formed maximal isometric contractions of the 
quadriceps three times a day, 5 days a week for 
7 weeks, for an average strength gain of 23%. 
Since then, significant improvements in strength 
in RA patients have been elicited by a variety 
of resistance-training regimes [33,35,87–104], the 
only exception identified being the home-based 
intervention of Komatireddy et al. [105]. 
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Consistent with the increases in strength are 
reports of improved physical function assessed 
objectively (e.g., walk tests, stair climbing, 
bench stepping, balance/coordination, hand-
grip strength, timed up-and-go test, vertical 
jump, 30-s arm curl test, chair test and aerobic 
capacity) [33,35,87–95,97,99,101–103,105] and subjec-
tively (e.g., 100-point truth-value scale, study-
generated questionnaire, self-reported fatigue, 
HAQ, McMaster Toronto Arthritis [MACTAR] 
Patient Preference Disability Questionnaire)
[33,89,91,92,95,98,101,103,105] (Table 1). However, it is 
notable that improvements in physical func-
tion following resistance training are usually not 
observed when function is subjectively measured 
by the HAQ [35,94,97,99,100,102,104]. The general 
inability of HAQ scores to reflect objectively 
assessed improvements in physical function is 
probably due to the insensitivity of this instru-
ment in detecting performance gains in mildly 
disabled patients (i.e., the type of patient that typ-
ically volunteers for exercise intervention studies). 
This lack of sensitivity is best illustrated by results 
of the Rheumatoid Arthritis Patients in Training 
(RAPIT) program, which showed improvements 
in subjects in the high-intensity exercise groups 
when physical function was assessed subjectively 
by the MACTAR Questionnaire, but not when 
measured by the HAQ [104]. The unsuitability of 
the HAQ for detecting improvements in func-
tion following short-term exercise therapy has 
been highlighted by van den Ende et al., who 
instead advocate objective measures related to 
performing a ctivities of daily living as measures 
of efficacy [106].

Although only 14 of the 22 studies high-
lighted were randomized controlled trials 
(RCTs) [35,89–91,94–98,100,101,103–105] and, of these, 
only ten applied the principle of progression to 
their training programs (i.e., increasing the stress 
placed on the body as adaptations to training 
are made, thus ensuring maintenance of rela-
tive training intensity) [35,91,94,96–98,100,101,104,105], 
as concluded by the two Cochrane Reviews con-
ducted to date, the effectiveness of resistance 
training programs in improving strength and 
physical function in RA patients is clear [8,9]. In 
fact, with appropriate training, it is not unrea-
sonable to expect that patients with established, 
controlled RA can achieve physical function 
levels at least as good as sedentary, healthy indi-
viduals of the same age and sex. In the RCT con-
ducted by our group, patients with established 
RA (11 women, two men; age 55.6 ± 8.3 years; 
disease duration 74 ± 76 months) whose objec-
tively measured physical function was impaired 

relative to population norms at baseline, were 
able to achieve or exceed these performance 
norms following 24 weeks of high-intensity 
PRT [35]. Restoration of normal levels of 
strength and function in RA patients following 
PRT was also seen in our earlier pilot study [33] 
and in the studies by Hakkinen et al., which 
featured healthy age- and sex-matched control 
subjects [99,102]. In a point that will be pursued 
later, it is notable that the only RCT that did not 
report significant increases in strength in RA 
patients following resistance training utilized a 
very low training intensity [105].

�� Effects on rheumatoid cachexia 
(body composition)
The effects of PRT on body composition in 
RA are less well reported (Table  1). In 1976, 
Nordemar et al. described increases in cross-sec-
tional area of type I and especially type II fibers 
following 6 weeks of cycling, walking and quad-
riceps strength training in ten RA patients [87]. 
Consistent with this, Hakkinen et al. observed 
increased quadricep muscle cross-sectional area 
in RA patients following 6 months of PRT [91]. 
However, when Rall et al. reported no changes 
in whole-body composition by DXA in eight RA 
subjects following 12 weeks of PRT (despite sig-
nificant improvements in strength), the fear was 
that RA patients are resistant to the anabolic 
effects of exercise [93]. This concern has subse-
quently been refuted by methodologically more 
robust trials. Initially, we reported significant 
increases in (DXA-assessed) LBM, ALM and 
estimated total body protein and reductions 
in percentage BF, with a trend toward reduced 
trunk fat (-0.75 kg) following 12 weeks of high-
intensity PRT [33]. Subsequently, these effects 
were confirmed by our RCT [35]; LBM, ALM 
(~1.2 kg) and total body protein were all sig-
nificantly increased (p = 0.002–0.006) and total 
and especially trunk FM (-2.5 kg; i.e., 18%) were 
substantially reduced following 24 weeks of 
PRT. Hakkinen et al. similarly observed hyper-
trophy of the quadriceps femoris (p < 0.001) 
and decrements in quadricep subcutaneous fat 
thickness (p < 0.001) in female RA patients who 
had completed 21 weeks of combined PRT and 
aerobic training [102].

Whilst aerobic exercise training, by increas-
ing daily energy expenditure, has been shown 
to be an effective adjunct to restricted energy 
intake for weight loss in young adults, its effi-
cacy in middle-aged and elderly individuals is 
questioned. This is because sedentary individu-
als of this age are usually so deconditioned that 
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they are unable to perform exercise of sufficient 
intensity and duration to substantially augment 
energy expenditure [107]. By contrast, in elderly 
men and women an elevation of approximately 
15% in resting metabolic rate (RMR) has been 
observed as a consequence of increased LBM 
following 12 weeks of PRT [108]. An increase 
in RMR of this magnitude is very relevant as 
RMR typically accounts for 60–75% of daily 
energy expenditure. 

In our PRT studies, the elicited increases in 
muscle mass were significantly associated with 
improvements in objectively assessed physical 
function (i.e., 30-s arm curl, 30-s sit-to-stand, 
50-foot walk, hand-grip strength and knee 
extensor strength; tests taken from the Senior 
Fitness Test [109] and designed to reflect the 
ability to perform ADLs) [33,35]. Interestingly, 
the increased muscle mass and reduced FM in 
the PRT subjects in our RCT caused a reclas-
sification of the body types of many of these 
patients [35]. Whereas at baseline, nine out of 
13 were classified as cachectic, ten as obese 
and five as both (i.e., ‘cachectic obese’), after 
24 weeks of PRT the number of patients in these 
disability-high-risk classifications were reduced 
to four, seven and two, respectively [20]. Given 
the reported links between adverse body compo-
sition and physical disability in RA patients [18] 
and the general elderly population [20], the posi-
tive effects of PRT on function in RA patients 
are anticipated. To emphasize the crucial role 
played by training intensity, in our RCT range-
of-movement (ROM) exercises (i.e., the form 
of exercise most commonly prescribed for 
RA patients) were performed by the control 
group [35]. Despite good compliance to the inter-
vention, this low-intensity exercise failed to have 
any effects on body composition or o bjective 
measures of physical function.

��  Mechanisms of rheumatoid cachexia
As mentioned earlier, the precise mechanisms 
underlying rheumatoid cachexia have not been 
clarified. However, additional insight was pro-
vided by the RCT by Lemmey et al. [35]. In 
this study diminished muscle levels of IGF-I 
(mIGF-I) were identified in (mostly cachectic) 
RA patients. This finding is consistent with 
reports of reduced mIGF-I levels in other condi-
tions characterized by muscle wasting: chronic 
renal failure [110,111], chronic obstructive pulmo-
nary disease [112], chronic heart failure [113] and 
advanced aging [114]; and with the proposed role 
of mIGF-I in regulating both the maintenance 
of adult skeletal muscle and its hypertrophic 

response to loading [115]. Following 24 weeks of 
PRT, along with muscle hypertrophy, mIGF-I 
levels were observed to increase 50% in our 
RA patients. Again, this finding of coincident 
increases in mIGF-I levels and muscle mass in 
cachectic individuals following exercise train-
ing is consistent with responses in dialysis [111] 
and chronic obstructive p ulmonary disease 
patients [112] and the frail elderly [114]. 

�� Effects on bone
The importance of weight-bearing and strength-
ening exercise in maximizing and maintain-
ing BMD and reducing the risk of falling by 
increasing strength and improving balance 
is well accepted in the general population [7]. 
With specific regard to RA, a sedentary lifestyle 
confers a relative risk of 1.6 for low BMD in 
RA patients and even moderate physical activ-
ity by RA patients has been found to reduce the 
risk of osteopenia by 50% [116]. Additionally, 
de Jong et al. showed that RA patients par-
ticipating in the 2-year, high-intensity RAPIT 
exercise program had reduced bone loss at the 
hip (median -1.1 vs -1.9% for nonexercising 
controls; p = 0.026), although not in the lum-
bar spine (median +0.9 vs +0.9% for controls; 
p = 0.697) [117]. Further analysis of these data 
revealed that the changes in BMD were sig-
nificantly and independently associated with 
changes in strength and aerobic power and that 
exercise training had a benefit comparable to 
that of biphosphonate treatment. This led the 
investigators to conclude that intense weight-
bearing exercise, including PRT, is essential for 
improving BMD in RA patients [117]. Similar 
conclusions were made by Hakkinen et al. 
following their RCT [97,98,101]. In this trial, 
12 months of PRT by RA patients resulted in 
mean BMD gains of +1.10% at the femoral head 
and +0.19% at the lumbar spine in contrast to 
respective losses of -0.03 and -1.14% in the ROM 
controls [97]. Following a further 12 months of 
PRT, the mean differences between the groups 
increased with the changes in BMD at the femo-
ral head and the lumbar spine now being +0.51 
and +1.17%, respectively, for the training group 
and -0.70 and -0.91% for the controls [98]. These 
observed trends in BMD were noted again at 
a 3-year follow-up [101]. Whilst the differences 
between the groups were not statistically signifi-
cant, except for at the femoral head at 24 months 
(p = 0.024), it was suggested by the authors that 
such an effect would be substantial and of clini-
cal significance if training was prolonged and its 
impact on BMD given longer to accrue.
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Treatments for osteopenia or osteoporosis are 
judged on their ability to increase BMD or, more 
likely, to minimize bone loss. Thus, although 
evidence in RA patients is limited, PRT appears 
to be as efficacious in this population as it is 
generally [118–120]. 

In RCTs conducted to evaluate the effect of 
PRT on BMD in the general population, the evi-
dence is compelling that intensity (i.e., loading) 
is the key variable [121]. This is consistent with 
Wolff ’s law, which states that the magnitude of 
the stress or mechanical load applied to bone 
via muscles and tendons directly determines 
the osteogenic response of the bone [122]. The 
results of Kerr et al. serve to illustrate this [123]. 
In this investigation, postmenopausal women 
(aged 51–62 years) were randomized to either 
high-intensity ‘strength’ PRT (high load, low 
repetitions; i.e., three sets of eight repetitions) or 
low-intensity ‘endurance’ PRT (low load, high 
repetitions; i.e., three sets of 20 repetitions). 
After training three times a week for 12 months, 
the high-intensity group had increased femoral 
head and distal radial BMD significantly more 
than the low-intensity group, with the site-spe-
cific gains in BMD significantly correlated to the 
site-specific strength increases. In non-RA, post-
surgery patients, strength training has also been 
shown to be effective in countering glucocorti-
coid-induced bone loss [124]. However, as for the 
general population, the greatest benefit of PRT 
in reducing osteoporotic fractures in RA pat-
ents is likely to be due to the lowered incidence 
of falling as a consequence of improvements in 
strength and balance [118,121,125,126]. With regards 
to the suitability of high-intensity PRT for indi-
viduals with low BMD, Vanderhoek et al. spe-
cifically chose osteopenic or osteoporotic elderly 
women (mean ± SD; age = 69.0 ± 1.3 years) for 
32 weeks of PRT in which they performed three 
sets of eight repetitions at 75–80% of one repeti-
tion maximum (1-RM; i.e., the maximum load 
that can be correctly lifted for a given exercise) 
for each exercise [126]. As anticipated, this high-
intensity PRT resulted in substantial improve-
ments in strength and balance, changes which 
interestingly were correlated. More importantly, 
it also proved to be safe and well tolerated with no 
compression fractures or other training-related 
injuries reported. 

�� Responsiveness of RA patients 
to PRT
In terms of the magnitude of effects of PRT 
on strength and body composition typically 
observed in RA patients, these are similar to 

those generally reported for healthy middle-
aged or older subjects [127–130]. The study by 
Hakkinen et al. described previously provides 
a direct comparison of training response. They 
identified comparable strength increases and 
similar body composition changes (with regard 
to both absolute and relative increases in quad-
riceps femoris cross-section and reductions in 
quadriceps femoris subcutaneous fat thickness) 
in female RA patients and age-matched healthy 
women following completion of the same com-
bined resistance and aerobic exercise train-
ing program [102]. This similarity in training 
response is consistent with recent reports that 
muscle quality is unaffected by RA [131,132]. In 
these reports, a range of skeletal muscle param-
eters (e.g., specific force, muscle architecture, 
coactivation of antagonist muscles and volun-
tary activation capacity) were observed to be the 
same for well-controlled RA patients as for their 
matched healthy counterparts. Consequently, it 
was concluded that even in cachectic patients 
there is no effect of RA on muscle quality (mus-
cle force per size) [131]. This finding that rheuma-
toid muscle is normal both qualitatively and in 
its response to resistance training is important 
for health professionals involved in prescribing 
exercise for people with RA. 

�� Safety of PRT for RA patients
For many years, intensive weight-bearing exer-
cise was considered inappropriate for RA patients 
due to concern that the increased stress on joints 
would exacerbate disease activity, pain and 
joint damage [92–94] and consequently patients 
were warned against such activities [133]. Even 
today, many rheumatologists and their multi-
disciplinary teams retain these anachronistic 
beliefs and advise their patients to avoid strenu-
ous physical pursuits, in order to protect their 
joints and conserve their energy (i.e., the strategy 
of ‘pacing’) [134,135]. However, there is no evidence 
to support this outlook. In fact the literature is 
astonishingly unanimous in its findings that 
exercise training, including resistance training 
(Table 1), irrespective of the intensity employed, is 
safe in RA patients. And although most studies 
report no changes in disease activity following 
resistance training, findings of improvements are 
not uncommon, such as reductions in: number 
of tender and swollen joints (Ritchie articular 
index) [89,91,94,96], self-reported joint count [105], 
morning stiffness [89], pain [93,95,105], erythrocyte 
sedimentation rate [91,96,97] and disease activ-
ity score (DAS; DAS28 and DAS4) [97,98,101]. 
Intensive exercise even appears to be safe in 
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patients with active disease. Van den Ende et al. 
randomly allocated RA patients admitted 
for disease flares to either an intense exercise 
group (which included isokinetic and isometric 
strength training) or a control group (who only 
performed ROM and isometric exercises [103]). 
After 24 weeks of training (three times/week), 
an improvement in DAS was observed in both 
groups with a trend toward greater improvement 
for the intense exercise group.

Prolonged training studies also give no cause 
for concern. Hakkinen et al., in an RCT com-
paring home-based strength training to con-
ventional physiotherapy (ROM exercises) over 
2 years, found that DAS28 improved signifi-
cantly for both groups, with the benefit more 
pronounced for the strength-training group [98]. 
Similarly, de Jong et al. in their 2-year RCT (the 
RAPIT trial) also found decreases in disease 
activity (DAS4) in both the intense exercise 
(including strength training) group and the 
‘usual care’ control group [104], albeit this time 
with no difference between the groups.

In a broader investigation of the immune 
responses to PRT in RA patients, Rall et al. 
found no effects on stimulated production of 
TNF-a, IL-1β, IL-2, IL-6 or prostaglandin E

2
, 

nor on peripheral blood mononuclear cell sub-
populations or delayed hypersensitivity skin 
response, following 12 weeks of high-intensity 
training [136]. 

Although reassuring effects on joint counts, 
systemic inflammation, pain and more gener-
alized disease activity are widely provided by 
studies of strength training interventions in 
RA patients, relatively few investigations have 
assessed the effects of training on radiographic 
damage of joints. One that did was the RAPIT 
trial. Initially, reports from this program raised 
concerns by suggesting that high-intensity 
exercise accelerated joint damage progression in 
large joints that had extensive pre-existing dam-
age [104,137]. Results from an 18-month follow-up 
study, however, have seen the authors retract this 
conclusion [138]. Instead, the investigators are 
now confident that long-term, intense weight-
bearing exercise does not exacerbate damage 
to the large joints, even those already exten-
sively damaged. The same verdict had already 
been made with regard to the small joints of 
the hands and feet [104]. These conclusions are 
in accord with the findings of others, none of 
whom found radiological evidence of increased 
progression of joint damage following train-
ing [88,91,98,100]. In the earliest of these studies, 
Nordemar et al. found that subjects who had 

performed 4–8 years of training, which included 
strengthening exercises for the legs, actually had 
reduced joint damage in the lower extremities 
relative to nonexercising disease-matched con-
trols [88]. In the other studies, all by Hakkinen 
and colleagues [91,98,100], no acceleration in joint 
damage was detected by x-ray in patients per-
forming long-term, regular, high-intensity PRT 
relative to those receiving standard care (with 
or without ROM exercises) – even when the 
i nvestigation period was 5 years [100].

Fundamentals of PRT prescription for 
RA patients
“The key factor to successful resistance train-
ing at any level of fitness or age is appropriate 
program design” [139], and this requires that 
specific needs and goals are addressed. For RA 
patients generally, the needs on which a PRT 
program should be focused are: counteracting 
the effects of rheumatoid cachexia by restoring 
muscle mass and reducing adiposity (especially 
central stores); improving strength and thus 
helping to restore function; and lowering osteo-
porotic fracture risk by increasing bone mass 
and by improving strength and balance, reduc-
ing the likelihood of falling. In specifying these 
aims, the intention is not to ignore the numer-
ous generic benefits of exercise training such as 
reduced CVD risk, improved insulin sensitivity, 
decreased risk of certain cancers and enhanced 
mood and mental health, but to concentrate on 
those aspects of RA-relevant health for which 
PRT is particularly appropriate. Additionally, 
individuals may also have specific goals and 
these should be accounted for when designing 
the training program. Since untrained individu-
als will readily respond physiologically to most 
protocols, it is unnecessary to devise complicated 
or sophisticated programs, such as one might do 
for elite athletes. 

To maximize the health and performance 
benefits and to best ensure safety, it is important 
that suitably qualified professionals are involved 
in designing the PRT program and, for the ini-
tial weeks at least, in supervising training. The 
training recommendations about to be made 
are all consistent with guidelines provided by 
the ACR [1,202], EULAR [2], ACSM [3–5,7] and 
AHA [6] either for RA specifically or for the 
comorbid conditions common in RA and by 
the WHO [201] “for promoting and maintaining 
health” in the general population. As with most 
exercise programs, these guidelines are based on 
the FITT principle: frequency, intensity, time 
(or volume) and type (or modality) [140].
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�� Frequency
The general recommendation for strength train-
ing is to train 2–3 days a week with at least 
48-h rest between sessions [107,139,141]. Training 
on alternate days is important, particularly 
for untrained and/or elderly individuals, to 
allow adequate time for recovery and adapta-
tion [142]. Whilst there are benefits in perform-
ing PRT more frequently (e.g., daily) for highly 
trained individuals, for the previously untrained 
there is insufficient training benefit to justify 
the reduction in recovery time and the addi-
tional time commitment [143–145]. For example, 
Demichele et al. found that training twice a week 
elicited 80–90% of the strength gains achieved 
by training more frequently [143]. In addition to 
facilitating recovery, limiting PRT sessions to 
two or three times per week should also enhance 
adherence to the training program, as time con-
straint (i.e., ‘insufficient time’) is a common 
reason for not commencing or d ropping out of 
structured exercise programs [146]. 

Once the effects of PRT have been established 
(after 8–12 weeks of training), it appears that 
training benefits can be maintained by train-
ing once per week, perhaps even once fort-
nightly in healthy individuals [147,148]. Whether 
this frequency of maintenance training is also 
a ppropriate for RA patients is unknown.

�� Intensity
To maximize gains in strength and muscle hyper-
trophy, it is necessary to recruit the maximal 
number of motor units. Since the high-threshold 
motor units may not be activated by light-to-
moderate loads, it is essential to use heavy loads 
to ensure activation of all motor units. Thus, 
maximal or near-maximal loads elicit the great-
est increases in strength and muscle mass [149,150]. 
Additionally, bone also responds most favorably 
to heavy loading [122,123]. 

In resistance training, intensity is determined 
from the percentage of the 1-RM a load (weight) 
corresponds to. Whilst studies have shown 
improvements in strength and muscle mass in 
previously untrained subjects following train-
ing with loads of 50% 1-RM, multiple stud-
ies have shown that loads of 80% or more of 
1-RM are optimal for increasing strength and 
inducing muscle hypertrophy [107,139,141,144,145]. 
For untrained subjects and clinical populations 
aiming to enhance strength and muscle mass, an 
intensity of 80% 1-RM is typically prescribed, 
with higher intensities generally the preserve 
of serious athletes. For 80% 1-RM, six to 12 
repetitions or lifts are usually possible. If fewer 

than six repetitions can be achieved then the 
weight is too heavy and if more than 12 rep-
etitions can be accomplished then the weight 
is too light. It should be noted that even when 
the relative intensity is fixed (e.g., 80% 1-RM), 
the maximum number of repetitions that can 
be performed varies for different exercises [151]. 

It is crucial to highlight that in untrained 
individuals, intensity at the commencement 
of PRT should start low and progress slowly to 
allow the musculoskeletal system time to adapt 
to the unaccustomed demands of training. For 
example, in our RCT [35], although the aim was 
for patients to eventually perform three sets of 
eight to 12 repetitions at 80% 1-RM, to reduce 
muscle soreness training commenced at much 
lower intensities. Thus, one set of 15 repetitions 
at 60% 1-RM was performed for each exer-
cise in the first week, then two sets at the same 
intensity in the second week and three sets in 
the third week. Intensity was then increased to 
12 repetitions per set at 70% 1-RM for weeks 
4–6, before finally progressing to eight rep-
etitions per set at 80% 1-RM for weeks 7–24 
(to ensure maintenance of relative intensities, 
1-RMs were reassessed every 4 weeks). By adher-
ing to this protocol substantial training benefits 
were gained (e.g., mean improvement of 119% in 
training-specific strength), with no occurrence 
of training-related injuries or dropouts from 
the program. 

�� Time (volume)
With PRT, training volume is generally defined 
as the product of: the number of exercises × the 
number of sets per exercise × the number of rep-
etitions per set, performed in a training session. 
Thus, training volume can be manipulated by 
altering any of these variables. It needs to be 
stated that there is no ‘magic number’ for any 
of these variables; and if there was it would no 
doubt vary from individual to individual and 
vary again within an individual for each exercise 
performed. As intensity and volume are inversely 
related, increases in volume should be closely 
monitored to avoid risk of overtraining [141,151].

With regard to the number of exercises, to 
maximize muscle hypertrophy and to facilitate 
improvement in the performance of ADLs, resis-
tance training should involve the whole body. 
Thus, six to ten exercises each involving large 
muscle groups are usually prescribed (e.g., leg 
press, chest press, leg extension, seated row-
ing, leg curl, triceps extensions, abdominal 
crunches/curls, standing calf raises and bicep 
curl) [33,35]. 
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Numerous studies have tried to determine the 
optimal number of sets per exercise, with com-
parisons of all permutations from one to six sets 
made and no consensus achieved [152–155]. When 
enhanced health and general function is the 
object of training, for both healthy and clinical 
populations, two or three sets are usually pre-
scribed [1–7,201,202]. For novice trainers, both two 
and three sets have been shown to be very effective 
in eliciting training effects, with controversy per-
sisting as to whether performing three sets delivers 
substantially better returns than performing two 
sets [156,157]. Of recent interest is the efficacy of sin-
gle-set programs. In a number of studies one set of 
eight to 12 repetitions performed to voluntary fail-
ure has produced training benefits in previously 
untrained subjects comparable to those of con-
ventional multiple-set programs [144,145], although 
there is disagreement with this finding [158], par-
ticularly in trained individuals [155,159–161]. Even 
if single-set protocols are marginally less effective 
than multiple-set programs, the time efficiency 
of the former may result in better training com-
pliance, as programs that require sessions lasting 
in excess of 1 h have been shown to have higher 
dropout rates [162,163]. Thus, if time constraints 
prevail and especially if the patient wants to 
additionally perform aerobic training, the use 
of single-set protocols should be considered as, 
provided the intensity is sufficient, these will cer-
tainly produce beneficial  musculoskeletal, CV and 
endocrine responses [141].

Another variable that can be manipulated 
is the duration of the rest period between sets. 
Researchers have found that short rest periods 
(≤1 min) elicit greater muscle hypertrophy [155] 
whilst longer rest periods (2–5 min) produce 
superior strength gains [164–166]. These differing 
effects have been attributed to the extent of ATP–
phosphocreatine (ATP–PC; phosphagen system) 
repletion [139]; hence, for maximal strength gains, 
complete restoration of ATP–PC is required to 
enable maximal lifts, whereas incomplete resto-
ration results in metabolic, hormonal and CV 
responses that facilitate hypertrophy [155,167–169]. 
Not surprisingly, body builders favor programs 
that feature short rest periods, whilst strength and 
power athletes generally employ longer intervals. 
Whether these effects of rest-period duration also 
operate in middle-aged and elderly previously 
untrained exercisers is unclear. As such, and given 
that training benefit is unlikely to be significantly 
compromised but training time will be markedly 
reduced if short rest periods are preferred to long 
rest periods, allocation of 1–2-min rests between 
sets appears optimal.

�� Type (modality)
For safety, training on variable resistance 
machines with incremental weight stacks rather 
than free weights is recommended [1,170,171]. 
Other relevant considerations are that machines 
are easier and quicker to set up, whilst free 
weights allow more variety in the exercises uti-
lized and are better able to simulate ADLs. As 
mentioned previously, an optimal PRT program 
will feature exercises that involve each of the 
major joints and muscle groups. Such whole-
body programs, as well as being more effec-
tive in increasing overall strength and muscle 
hypertrophy, are also associated with significant 
improvements in aerobic capacity (VO

2
 max) 

and endurance performance. For example, 
Vincent et al. noted that 6 months of whole-
body PRT increased peak oxygen uptake by 
22% and treadmill time to exhaustion by 26% 
in elderly (60–85 years) men and women [172]. 
Similarly, 10–12 weeks of high-intensity PRT 
has been found to improve time to exhaus-
tion while cycling (47%), running (12%) and 
w alking (38%) [173,174].

Exercises should be performed rhythmi-
cally, in a slow, controlled movement (~2 s to 
lift and approximately 4 s to lower the weight) 
and breathing should be continuous, to avoid 
a Valsalva’s maneuver and the resultant rises in 
blood pressure (BP). When proper technique 
is observed, systolic BP during weight lifting 
is considerably lower than it is during aerobic 
exercise of comparable intensity and CV stress 
is minimal [171]. Of course, with RA patients 
attention to affected joints is essential and 
joint pain, instability, poor proprioception or 
reduced ROM may necessitate modification or 
s ubstitution of prescribed exercises [3]. 

�� Progression
Gains in strength following commencement 
of PRT are usually rapid and substantial, 
with 10–15% increases in strength typically 
observed for each of the first 8 weeks of train-
ing in healthy, previously untrained individu-
als [107]. Initially these improvements are due 
to enhanced neural factors such as improved 
motor unit recruitment, firing rate and syn-
chronization [175,176], with muscle hypertro-
phy contributing from approximately week 4 
onwards [176–179]. In order to continue to achieve 
the maximal muscle fiber recruitment necessary 
for increases in strength and muscle hypertrophy 
to occur, progressively greater loads need to be 
lifted. This increase in resistance (in response 
to increases in strength) to maintain a constant 
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relative intensity is termed ‘progressive overload’ 
and is a fundamental principle of all exercise 
training regimes. 

Whilst marked responses to training are to 
be expected in untrained or deconditioned indi-
viduals, after an extended period of training the 
‘law of diminishing returns’ applies, for exam-
ple as an individual gets fitter and approaches 
his/her genetic ceiling it becomes harder to 
achieve further fitness gains. Consequently, 
when PRT is prolonged, a plateau in training 
response is to be expected. The usual way of 
dealing with this situation is to manipulate the 
training program variables (types of exercises, 
training intensity, number of sets and/or repeti-
tions, rest period between sets), so that the body 
is subjected to and forced to adapt to unfamiliar 
training stimuli.

�� Exclusion criteria 
& further recommendations
As discussed previously, appropriately designed 
PRT is recommended, safe and well tolerated 
by males and females of all ages and most 
conditions, including RA [144]. In the recom-
mendations made by the AHA regarding resis-
tance training for patients with and without 
CVD [171], the contraindications to PRT are: 
unstable angina, uncontrolled hypertension 
(≥160/100 mmHg), recent and untreated epi-
sodes of congestive heart failure, uncontrolled 
dysrhythmias, severe stenotic or regurgitant val-
vular disease and hypertrophic cardiomyopathy. 
Additionally, for low-to-moderate risk cardiac 
patients wanting to participate in PRT pro-
grams, they suggest preliminary aerobic exercise 
training for 2–4 weeks [171]. Overall, however, 
they concluded that “resistance training exercise 
is strongly recommended for implementation in 
primary and secondary cardiovascular disease-
prevention programs” and “…is particularly 
beneficial for improving the function of most 
cardiac, frail and elderly patients” [171]. In part, 
this is because increased strength attenuates the 
myocardial demands (i.e., heart rate and BP) 
when patients perform ADLs because the task 
now requires a lower percentage of functional 
capacity [180]. 

Caution must also be taken with prescrip-
tion of PRT to severely osteoporotic patients, 
with high-intensity exercise to be avoided [7]. In 
the case of these patients, specialist advice with 
regard to exercise should be sought.

Despite the benign consequences of train-
ing during acute f lares shown by van den 
Ende et al. [103], we discourage training during 

flares. Similarly, as healthy individuals should 
be advised, we also discourage training dur-
ing illness (e.g., colds and influenza) and tell 
patients to only resume training when health 
is restored. Upon resumption of training, loads 
(i.e., the weight lifted) should be adjusted to 
account for the loss of strength due to detrain-
ing. Under these circumstances, pre-illness 
fitness levels are usually rapidly regained. To 
underline the safety of and tolerance to PRT 
for RA patients, in our high-intensity PRT 
intervention studies [33,35], mean compliance 
to training sessions (i.e., sessions attended as 
a percentage of those scheduled) was around 
80%. Thus, even when advised to skip sessions 
when feeling unwell, patients still complete a 
proportion of training similar to that expected 
of healthy individuals. 

Conclusion
This article has described common conse-
quences of RA that are currently regularly 
untreated (rheumatoid cachexia; i.e., dimin-
ished muscle mass and high FM, particularly 
central obesity) or are still prevalent despite 
pharmaceutical treatment (disability, CVD 
and osteoporotic fractures) and provided an 
overview of research into the efficacy and safety 
of progressive resistance training in treating 
these conditions. The evidence strongly sug-
gests that PRT is an appropriate adjunct ther-
apy for RA patients. In particular, its efficacy 
in positively affecting body composition and 
physical function is almost unique, particu-
larly when accessibility and the apparent lack 
of negative side effects are considered. As such, 
rheumatologists and other health profession-
als overseeing the management of RA patients 
should be encouraging them to undertake PRT, 
ideally in conjunction with aerobic training. 
To better inform clinicians in their exercise 
training advice, the fundamental principles of 
PRT program design have been outlined, with 
particular reference made to experiences with 
the RA population.

Future perspective
The importance of including exercise training, 
particularly PRT, in the routine management of 
RA patients is apparent to those working in the 
field. However, wider acceptance of the preva-
lence of rheumatoid cachexia and its association 
with disability, CVD and osteoporosis in RA 
patients (as in the general population) needs 
to be achieved for the value of interventions 
such as PRT to be clinically appreciated. Also 
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awaiting completion are large cost–effective-
ness studies to justify national health authori-
ties establishing programs that encourage and 
facilitate RA patients to undertake prescribed 
exercise training.
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Executive summary

Disability, rheumatoid cachexia & osteoporosis in rheumatoid arthritis patients
 � The prevalence of significant muscle loss is approximately 67% and the incidence of obesity perhaps 80% in rheumatoid arthritis (RA) 

patients, despite advances in controlling disease activity.
 � Reduced muscle mass and increased adiposity are major causes of disability in RA patients (and the general population).
 � RA patients are predisposed to central obesity, which probably contributes toward their increased cardiovascular disease risk.
 � Currently prescribed NSAIDs, DMARDs and biologics are ineffective in preventing or reversing rheumatoid cachexia.
 � Anabolic hormone therapy is relatively expensive, has associated risks and on its own is usually ineffective in improving physical function.
 � Muscle loss and attendant reductions in muscle strength contribute to the increased osteoporosis risk in RA.

Efficacy of progressive resistance training
 � Progressive resistance training (PRT) has been shown to markedly improve physical function and reduce disability in RA patients and may 

lower the risk of cardiovascular disease; these benefits are largely due to its beneficial effects on body composition (increasing muscle 
mass and decreasing fat mass).

 � PRT has been shown to reduce bone loss in RA.
 � In osteoporotic patients, PRT has been shown to primarily attenuate the incidence of fractures by reducing falls; this effect has not been 

investigated in RA patients.
 � PRT and exercise generally – even when conducted long term and at high intensity – does not exacerbate disease activity or joint 

damage in RA patients.

Fundamentals of PRT prescription for RA patients
 � A high-intensity, whole-body PRT program is recommended such as six to eight exercises featuring one to two sets of eight to 

12 repetitions at 80% of one repetition maximum, with 1–2-min rests between sets, to be performed 2–3 days per week.
 � The PRT should commence at a low intensity and progress slowly to allow adaptation to the demands of training. Supervision is 

required initially.
 � Training should feature ‘progressive overload’ so that high intensity is maintained and the training effects maximized.
 � Ideally, PRT should be accompanied by aerobic exercise.
 � Patients should avoid training during flares or when otherwise unwell.

Conclusion
 � RA patients should be made aware of the potential benefits of PRT and encouraged to seek advice on devising and performing an 

appropriate training program.
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