
1031Marcora, et al: Resistance training and RA

Can Progressive Resistance Training Reverse Cachexia
in Patients with Rheumatoid Arthritis? Results of a
Pilot Study
SAMUELE M. MARCORA, ANDREW B. LEMMEY, and PETER J. MADDISON

ABSTRACT. Objective. A Phase II trial was performed as a preliminary test of the efficacy and safety of progres-
sive resistance training (PRT) as adjunct treatment for rheumatoid cachexia.
Methods. Ten mildly disabled patients with well-controlled rheumatoid arthritis (RA) trained, on
average, 2.5 times per week for 12 weeks. Ten age and sex matched RA patients with similar disease
characteristics were non-randomly assigned to a control group. Body composition, physical func-
tion, and disease activity were assessed pre and post intervention period.
Results. Between group comparisons at followup by ANCOVA using baseline scores as covariate
showed significant increases in fat-free mass (+1253 g, p = 0.004), total body protein (+1063 g, p =
0.044), and arm (+280 g, p = 0.005) and leg (+839 g, p = 0.001) lean mass (a proxy measure of total
body skeletal muscle mass) in response to PRT with no exacerbation of disease activity. There was
also a trend for loss of fat mass in the trunk (–752 g, p = 0.084) and a significant reduction in per-
cent body fat (–1.1%, p = 0.047). Changes in body composition were associated with improvements
in various measures of physical function.
Conclusion. Intense PRT with adequate volume seems to be an effective and safe intervention for
stimulating muscle growth in patients with RA. Pending confirmation of these results in a larger ran-
domized controlled trial that includes patients with more active and severe disease, a similar PRT
program should be included in the management of RA as adjunct treatment for cachexia. 
(J Rheumatol 2005;32:1031–9)
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Rheumatoid arthritis (RA), like many other chronic sys-
temic diseases, is complicated by cachexia, a syndrome
characterized by cytokine-driven alterations in protein and
energy metabolism and consequent accelerated loss of
skeletal muscle1. Cachexia affects more than 50% of RA
patients but only a minority appears wasted2, as energy
intake is normal in this population and the decrease in mus-
cle mass is masked by a concomitant increase in fat mass
consequent to low levels of physical activity/total energy
expenditure3,4. Cachexia contributes not only to muscle
weakness, fatigue and disability, but also to increased risk of

infection and premature death in RA5. Therefore, interven-
tions aimed at preventing/reversing muscle wasting in RA
patients may significantly improve the longterm outcome of
this disease.

Several therapeutic strategies such as dietary supplemen-
tation, physical training, anabolic hormones, and anti-
cytokine therapy have been proposed for cachexia1.
Unfortunately, few studies have included RA patients or an
accurate measure of body composition, the recommended
endpoint in clinical trials for the treatment of cachexia6.
Therefore, at present, it is not possible to make specific and
evidence-based recommendations for management of mus-
cle wasting in this population, apart from tight control of
disease activity with the least possible use of high-dose cor-
ticosteroid therapy7.

We present the results of a Phase II trial aimed at testing
the utility of progressive resistance training (PRT) as
adjunct treatment for cachexia in patients with RA. Several
studies have clearly shown that this type of physical training
is effective in improving muscle strength in RA patients
without exacerbating disease activity8. However, Rall and
colleagues9 failed to demonstrate any increase in total body
potassium (a proxy measure of skeletal muscle mass10) and
fat-free mass (FFM) in response to 12 weeks of high inten-
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sity PRT in a small group of RA patients despite a normal-
ization of total body protein breakdown11. Although it is
possible that systemic inflammation reduces the ability of
skeletal muscle cells to respond to anabolic stimuli12, we
believe that the low training volume (5 resistance exercises
per training session repeated twice a week) prescribed by
Rall and colleagues9 was not adequate to induce muscle
growth in their subjects. In this investigation there was also
no control group to assess the normal variation of body
composition without any PRT in RA patients, and changes
in regional body composition were not reported. Therefore,
we designed the present controlled study to investigate
whether a PRT program prescribed for optimal stimulation
of muscle hypertrophy13 is feasible and tolerable in mildly
disabled patients with well-controlled RA, and to provide
preliminary evidence for its efficacy as adjunct treatment of
cachexia in this population. The main outcome variable was
a significant increase in both arm and leg (appendicular)
lean mass assessed by dual-energy x-ray absorptiometry
(DEXA), a proxy measure of total body skeletal muscle
mass14. Secondary outcomes were changes in other body
compartments, physical function and disease activity. A sec-
ondary aim of this study was to examine whether an
increase in muscle mass is associated with improvement in
physical function in this population.

MATERIALS AND METHODS
Study design and ethics. This was a 2-group, matched, parallel, controlled,
pretest-posttest study conducted between July 2000 and August 2001. The
study protocol was approved by the North Wales Health Authority
Research Ethics Committee.

Subject recruitment and eligibility. Ten patients willing and able to partici-
pate in a supervised PRT program (training group) were recruited from the
Outpatient Rheumatology Clinics at Gwynedd Hospital. Ten age (within 5
years) and sex matched patients willing to take part in the study, but not
able to train regularly under supervision because of logistic reasons (e.g.,
living too far away from the only training site provided) were selected to
serve as controls (control group). In order to be included into the study, all
volunteers had to: (a) fulfil the American Rheumatism Association 1987
revised criteria for the diagnosis of RA15; (b) be functional class I or II; (c)
be age 18 years or over; (d) not be cognitively impaired; (e) have been
receiving stable drug therapy during the previous 3 months; (f) be free of
other cachectic diseases and any condition preventing safe participation in
the study; (g) not be taking drugs or nutritional supplements known to
increase muscle mass; (h) not be participating in another regular and
intense physical training program; and (i) not be pregnant. Before com-
mencing the study, all subjects gave their written informed consent to par-
ticipate.

Outcome measures. Outcome measures were taken at baseline (pretest) and
followup (posttest) by the same investigator (SM) in the Bone
Densitometry Laboratory in the School of Sport, Health and Exercise
Sciences, University of Wales-Bangor, at about the same time of day.
Subjects presented fasted and were asked to void and remove all metallic
objects. Subjects were instructed beforehand to avoid strenuous exercise in
the 24 hours preceding testing and were questioned as to whether they had
orthopedic metal and silicone implants. During testing subjects were
allowed to wear only socks, shorts, underwear (no bra) and a t-shirt.

Body mass and composition. Body mass was measured to the nearest 0.1 kg
using a calibrated balance scale (Seca, Hamburg, Germany). Total and

regional (left and right arm, left and right leg, trunk, head) body composi-
tion was assessed by DEXA using a pencil-beam scanner (QDR1500,
Hologic, Bedford, Massachusetts), which calculates the masses (g) of 3 dif-
ferent compartments: bone mineral content (BMC), fat mass and lean mass.
The sum of total BMC and total lean mass corresponds to FFM. Percent
body fat was calculated as (total fat mass/total body mass by DEXA) × 100.
The procedures recommended by the manufacturer for whole-body exami-
nation (subject positioning, scanning and analysis with software version
V5.72) were followed, and the quality control procedure was performed
daily.

Immediately after the DEXA scan, intracellular (ICW) and extracellu-
lar (ECW) water volumes (l) were estimated using bioelectrical impedance
spectroscopy (BIS) (Hydra 4200, Xitron Technologies, San Diego, CA,
USA). Total body water (TBW) is the sum of ICW and ECW. Bioelectrical
impedance measurements were taken on the left side of the body, with the
use of disposable electrodes and in accordance with a standard wrist-to-
ankle protocol16. At the time subjects were measured, they had been supine
for about 20 min. The quality control procedure recommended by the man-
ufacturer was performed before each measurement and the proximity of the
DEXA scanner had no effect on the validity and reliability of BIS (unpub-
lished observations). The coefficient of variation (CV) for repeated meas-
urements for both DEXA (lean mass) and BIS is between 1 and 3%17. By
combining these 2 body composition methods, we calculated FFM hydra-
tion (TBW/FFM) and estimated total body protein as total lean mass
–(0.2302 × total BMC)–TBW according to the model proposed by Fuller,
et al18. For each of these calculations, TBW volume was converted into
mass by assuming a water density of 0.99336 kg/l at a normal body tem-
perature of 37°C.

Physical function. After body composition assessment, subjects performed
calisthenics for 5 min under the direction and supervision of one of the
authors (SM). The following objective physical function tests were then
performed. Maximal voluntary hand-grip strength was measured using a
Grip-A dynamometer (Takei Kiki Kogyo, Tokyo, Japan). Subjects were
asked to stand erect holding the dynamometer parallel to their side, dial fac-
ing away from the body and to squeeze the hand-grip without moving the
arm. Maximal voluntary strength of the knee extensors and elbow flexors
was measured using a CSD300 hand-held dynamometer (Chatillon-
Ametek, Largo, FL, USA). For the measurement of knee extensor strength,
subjects sat on a medical table with hips and knees flexed 90° and arms
across the chest. The curved push attachment of the dynamometer was
positioned over the tibia just proximal to the 2 malleoli, and subjects were
instructed to attempt to straighten the leg. For the measurement of elbow
flexor strength, subjects were lying on a medical table with shoulder neu-
tral, elbow flexed 90°, and forearm neutral. The curved push attachment of
the dynamometer was positioned just below the styloid process of the
radius, and subjects were instructed to attempt to flex the arm. All these
isometric measures of muscle strength followed the same protocol: after 2
submaximal warm-up and familiarization trials (50% and 75% of maxi-
mum effort), subjects were asked 3 times to exert force maximally for about
5 s. Between all 5 trials 1 min rest was observed. Peak force produced dur-
ing each of the 3 maximal trials was recorded in newtons and the best score
noted. Both the right and left side of the body were tested and the average
of the 2 best scores used for statistical analysis. The force of the tester
(male, body mass 100 kg, height 1.79 m) was sufficient to fix the hand-held
dynamometer against the forces produced by all subjects. None of the sub-
jects approached the upper limit of the dynamometers, and their accuracy
was verified periodically over the course of the study by vertically loading
the dynamometers with certified calibration weights. The repeatability of
isometric muscle force measurements was good (coefficient of variation 
< 5%) and compares well with fixed dynamometers19. Finally, subjects per-
formed the 30-s maximal sit-to-stand test (SST-30) developed by Jones, et
al in older adults20. After a practice trial, subjects were asked to sit-to-stand
from a fixed chair (seat height 43.2 cm) as many times as possible in 30 s
while keeping their arms folded across the chest. The number of full and
properly performed repetitions was recorded and used for statistical analy-
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sis. As suggested by McNair, et al21, subjects were verbally encouraged
during all tests in order to attain maximum performance.

Self-reported physical function was assessed by the modified Health
Assessment Questionnaire (HAQ) and the advanced activities of daily liv-
ing (ADL) scale designed by Pincus, et al22 to overcome the “floor effects”
of the traditional HAQ questionnaires in which patients may report normal
scores although they experience meaningful functional limitations. Both
the modified HAQ and advanced ADL scores have good psychometric
properties22 and are reported on a scale of 1 (without any difficulty), 2
(with some difficulty), 3 (with much difficulty), and 4 (unable to do).

Disease activity. Disease activity was assessed using the RA Disease
Activity Index (RADAI)23. With the exception of fatigue, this patient ques-
tionnaire quantifies the most apparent signs and symptoms of RA: (a) glob-
al disease activity over the past 6 months, (b) current disease activity in
terms of swollen and tender joints, (c) arthritis pain, (d) duration of morn-
ing stiffness, and (e) amount of pain in several joint areas. These 5 items
are then combined to provide a single index of disease activity on a 0 to 10
scale where higher scores indicate more active disease. The RADAI com-
pares well with physician assessment of disease activity and is sensitive to
changes over time, i.e. flare-ups24. Fatigue over the past week was meas-
ured with a numerical rating scale ranging from 0 (fatigue is no problem)
to 10 (fatigue is a major problem). Additionally, the erythrocyte sedimen-
tation rate (ESR) was assessed by the Westergren method in the Public
Health Laboratory of Gwynedd Hospital to provide an objective measure of
disease activity.

Other measures. At baseline the following measures were also taken.
Height was measured to the nearest 0.5 cm using a wall-mounted sta-
diometer (Body Care, Warwickshire, UK). Body mass index (BMI) was
calculated as body mass(kg)/height(m)2. Typical dietary intake was esti-
mated using a semiquantitative food frequency questionnaire25. Habitual
physical activity both at work and during leisure time was ranked from
mainly sedentary (score = 1) to heavy and regular (score = 4) using the
questionnaire proposed by Saltin, et al26. The degree of muscle atrophy was
calculated as the percentage of actual total body skeletal muscle mass esti-
mated from appendicular lean mass, age, and sex14 compared to normal
total body skeletal muscle mass estimated from body mass, height, age, sex,
and ethnicity27. Other baseline information (e.g., disease duration, current
therapy, etc.) was collected by a structured interview and review of medical
records. At followup, all subjects were questioned as to whether changes in
habitual physical activity, diet, medications, and other aspects of their
lifestyle had occurred during the study.

Intervention. After baseline assessment and an introductory week (Week 0)
for familiarization with exercise equipment and technique, subjects in the
training group underwent 12 weeks of PRT that consisted of 8 resistance
exercises per session (Leg Press, Chest Press, Leg Extension, Seated Row,
Leg Curl, Triceps Pushdown, Standing Calf Raise, Biceps Curl). Each
resistance exercise had the following characteristics: (a) dynamic muscle
action at moderate repetition velocity (1–2 s concentric, 1–2 s eccentric);
(b) 3 sets of 8 repetitions with a load corresponding to 80% of one repeti-
tion maximum; (c) 1- to 2-min rest periods between sets and exercises.
Subjects were required to train 3 times a week with at least 48 h between
training sessions (Monday, Wednesday and Friday, or Tuesday, Thursday
and Saturday). One repetition maximum was assessed at the end of Week 0
and every 2 weeks thereafter to enable adjustment of the exercise load in
proportion to changes in specific muscle strength. Each training session
lasted about 75 min including warmup (5 min low intensity aerobic exer-
cise plus one set of 15 repetitions with half the load before each exercise)
and cool-down (10 min of core stability and static stretching exercises)
phases. The occurrence of adverse events was also recorded. Subjects in the
training group exercised in small groups on Powersport resistance exercise
machines (Bridgend, United Kingdom) at Maes Glas Sports Centre under
supervision of one of the authors (SM). A record of each session was kept,
and training load calculated as the total weight lifted.

After baseline assessment, subjects in the control group continued their

usual care (medications and joint mobility exercises) with no additional
PRT. All subjects were instructed to maintain their habitual physical activ-
ity and dietary habits throughout the study. Followup assessment of all sub-
jects was conducted on the Monday or Tuesday of Week 13.

Statistical analysis. The null hypothesis of no difference between groups in
all baseline measures was examined using multiple paired t tests for con-
tinuous variables and Fisher’s exact probability tests for categorical vari-
ables. Multiple one-way analyses of covariance (ANCOVA) were
employed to test the null hypothesis of no difference between groups (inde-
pendent variable) on each outcome measure with the posttest score as the
dependent variable and the pretest score as the covariate. However,
because the assumption of homogeneity of regression slopes was violated
for ESR, one way analysis of variance (ANOVA) on change (posttest
minus pretest score) was used in this instance. For these analyses, the
between-subject effect size for group was calculated as eta squared.
Thresholds for small, moderate, large, and very large effects were set at
0.01, 0.08, 0.26 and 0.50, respectively. We used a one-way repeated meas-
ure ANOVA to test the null hypothesis of no change in the average week-
ly training load within the training group. Pearson’s correlation coefficient
was used to express and test the significance of the relationships between
measures of interest (body mass by scale with body mass by DEXA;
changes in arm and leg lean mass with changes in muscle strength and dis-
ability) after pooling the data of both groups. Significance was set at 0.05
(2-tailed) for all analyses with a p level > 0.05 and < 0.10 being consid-
ered a trend. Data were analyzed using the Statistical Package for the
Social Sciences Version 11.

RESULTS
Subject characteristics. All subjects (6 women and 4 men in
each group) completed the study. Their baseline characteris-
tics are shown in Tables 1, 2, and 3. In terms of age, sex dis-
tribution, disease characteristics, and therapy, our subjects
are representative of functional class I and II patients22,23.
Despite a BMI in the overweight category, adequate protein-
energy intake and normal levels of physical activity, all but
one of the patients presented with muscle atrophy. Actual
total body skeletal muscle mass was, on average, 79%
(range 62-118%) of normal muscle mass in the training
group and 74% (range 64-83%) in the control group (p =
0.293). A minority of patients were taking low doses of vita-
min and mineral complexes, calcium, cod liver oil, and glu-
cosamine, with no significant differences between groups
(all p ≥ 0.474). Two women in the training group and one
woman in the control group had regular menstruations (p =
0.999). All other female subjects were postmenopausal.
None of these women in the training group was on hormone
replacement therapy, while 2 in the control group were (p =
0.444). With the exception of sleep duration, there were no
significant differences between groups at baseline in any of
the measured characteristics. We did not include sleep dura-
tion as an additional covariate as it was not significantly cor-
related with any of the outcome measures (data not shown),
and both groups reported having sufficient sleep. No subject
had silicone implants, but one subject in the training group
had bilateral hip replacement. Because the influence of
orthopedic metal on DEXA measures of body composition
is reproducible and relatively small when computerized,
high-density detection analysis is employed28,29, we decid-
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ed to include this subject in the analysis. All subjects were
Caucasian and sedentary.

Compliance and adverse events. Compliance to PRT was,
on average, 85% (range 67–94%). This corresponds to a
mean training frequency of 2.5 sessions per week (range
2.0–2.8 sessions per week). The progressive nature of the
proposed resistance training program was confirmed by a
significant increase in the weekly average training session
load throughout the intervention period (Figure 1). There
were no flare-ups of disease activity, training-related
injuries, or any other adverse event during the study in either
group. All subjects declared that habitual physical activity,
diet, medications, and other aspects of their lifestyle
remained unchanged during the study. The tolerability and
patient perceived benefits of PRT were such that 9 out of 10
RA patients in the training group continued training without
supervision after completion of the study. The remaining
subject in the training group commenced regular swimming
instead.

Effects on body mass and composition. Body mass and com-
position at baseline and followup, and the results of ANCO-
VA are shown in Table 2. PRT did not have a significant
effect on body mass. The change in body mass measured by
scale was highly correlated to the change in body mass
measured by DEXA (r = 0.985, p = 0.001), thus confirming
the internal validity of our DEXA in assessing changes in
body composition30.

PRT had a large and significant effect on total lean mass
(+1242 g) and FFM (+1253 g). This increase in FFM most-

ly reflects a significant and moderate increase in estimated
total body protein (+1063 g) as PRT did not have a signifi-
cant effect on TBW and total BMC. The significant increase
in lean mass was concentrated in the arms (+280 g) and legs
(+839 g), suggesting a very large effect on total body skele-
tal muscle mass, the primary outcome measure of this clini-
cal trial. PRT did not significantly affect total fat mass, but
there was a trend for a moderate loss of fat mass in the trunk
(–752 g) and a significant albeit moderate reduction in per-
cent body fat (–1.1%). None of the other regional measures
of body composition was significantly affected by PRT (data
not shown). The hydration of the FFM was within normal
limits (~0.73) at both baseline and followup, and was not
affected by PRT (data not shown).

Effect on physical function. Objective and subjective meas-
ures of physical function at baseline and followup, and the
results of ANCOVA are shown in Table 3. Progressive
resistance training caused a moderate increase in hand-grip
strength (+53 N), a large increase in elbow flexor strength
(+54 N), and a very large increase in SST-30 performance
(+3.6 repetitions). All these effects were statistically signif-
icant. The moderate increase in knee extensor strength (+39
N) approached statistical significance. Although PRT did
not affect modified HAQ scores, at followup the training
group reported, on average, less difficulty in advanced ADL
compared to the control group when adjusting for baseline
scores. This effect (–0.25) was very large, statistically sig-
nificant and clinically relevant31.

Effect on disease activity. Self-reported and laboratory
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Table 1. Demographic, anthropometric, lifestyle, and disease characteristics of patients with RA participating in
the study.  Data are presented as means ± SD or frequency. Differences between groups were tested by paired t
tests or Fisher’s exact probability tests as appropriate.

Variable Training Group, Control Group, p
n = 10 n = 10

Age, yrs 53 ± 13 54 ± 10 0.791
Height, m 1.67 ± 0.08 1.64 ± 0.08 0.213
BMI, kg/m2 27.9 ± 4.6 29.1 ± 2.2 0.529
Energy intake, kcal/day 1908 ± 430 1981 ± 469 0.720
Protein intake, g/day 78.2 ± 23.4 81.8 ± 24.1 0.739
Activity at work, 1–4 1.6 ± 0.7 1.8 ± 0.6 0.443
Leisure-time activity, 1–4 2.1 ± 0.6 2.3 ± 0.5 0.443
Current smokers 2 4 0.628
Cigarettes per day 8.0 ± 9.9 6.0 ± 6.2 0.768
Alcohol measures per week 5.8 ± 4.6 4.6 ± 8.6 0.645
Sleep duration, h 8.2 ± 1.0 6.3 ± 1.2 0.002
RF positive 6 8 0.628
Disease duration, yrs 8.9 ± 5.7 7.3 ± 5.3 0.565
Methotrexatea 5 5 0.999
Other DMARD 6 9 0.628
NSAID 6 5 0.999
Corticosteroids 2 3 0.999
Dose, mg/day 6.2 ± 1.8 8.3 ± 5.8 0.668

BMI: body mass index; RF: rheumatoid factor; DMARD: disease modifying antirheumatic drugs; NSAID: non-
steroidal antiinflammatory drugs. a All subjects treated with methotrexate were also receiving folate supplemen-
tation.
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Table 2. Effects of 12 weeks of progressive resistance training on body mass and composition in patients with
RA. Pretest and posttest scores are presented as means ± SD. Adjusted scores (posttest scores adjusted for pretest
scores) are presented as means ± SEM. Differences between groups at baseline were tested by paired t tests.
Differences between groups in the adjusted scores were tested by ANCOVA.

Variable Training Group, Control Group, p η2

n = 10 n = 10

Body mass, kg
Pre 78.2 ± 14.6 79.0 ± 11.3 0.868
Post 78.6 ± 13.0 78.8 ± 11.9
Adjusted 79.0 ± 0.7 78.5 ± 0.7 0.586 0.018

Arm lean mass, kg
Pre 4.26 ± 1.51 4.24 ± 1.77 0.901
Post 4.52 ± 1.59 4.22 ± 1.72
Adjusted 4.51 ± 0.06 4.23 ± 0.06 0.005 0.386

Leg lean mass, kg
Pre 13.3 ± 3.2 12.9 ± 3.4 0.477
Post 14.1 ± 3.1 12.9 ± 3.3
Adjusted 13.9 ± 0.1 13.1 ± 0.1 0.001 0.757

Total lean mass, kg
Pre 44.5 ± 9.4 43.8 ± 10.2 0.577
Post 45.4 ± 8.9 43.5 ± 10.1
Adjusted 45.0 ± 0.3 43.8 ± 0.3 0.005 0.381

Total BMC, kg
Pre 2.58 ± 0.40 2.47 ± 0.52 0.382
Post 2.59 ± 0.42 2.48 ± 0.53
Adjusted 2.54 ± 0.01 2.53 ± 0.01 0.726 0.007

FFM, kg
Pre 47.1 ± 9.7 46.3 ± 10.7 0.540
Post 47.9 ± 9.2 45.9 ± 10.5
Adjusted 47.6 ± 0.3 46.3 ± 0.3 0.004 0.389

Trunk fat mass, kg
Pre 14.7 ± 6.5 16.9 ± 4.4 0.493
Post 14.0 ± 5.9 16.8 ± 4.7
Adjusted 15.0 ± 0.3 15.8 ± 0.3 0.084 0.165

Total fat mass, kg
Pre 30.1 ± 9.9 31.6 ± 6.1 0.712
Post 29.5 ± 9.6 31.7 ± 6.4
Adjusted 30.2 ± 0.5 30.9 ± 0.5 0.345 0.053

Percent body fat
Pre 38.6 ± 9.9 40.9 ± 7.8 0.453
Post 37.7 ± 10.1 41.1 ± 7.6
Adjusted 38.9 ± 0.4 40.0 ± 0.4 0.047 0.213

ECW, l
Pre 15.5 ± 2.2 15.7 ± 2.9 0.761
Post 15.5 ± 1.9 15.7 ± 2.8
Adjusted 15.6 ± 0.1 15.6 ± 0.1 0.889 0.001

ICW, l
Pre 18.6 ± 3.3 19.3 ± 4.5 0.477
Post 18.8 ± 3.5 19.0 ± 4.8
Adjusted 19.1 ± 0.3 18.7 ± 0.3 0.320 0.058

TBW, l
Pre 34.1 ± 5.1 35.0 ± 7.2 0.561
Post 34.3 ± 5.2 34.7 ± 7.5
Adjusted 34.8 ± 0.3 34.2 ± 0.3 0.256 0.075

Total body protein, kg
Pre 9.79 ± 5.29 8.27 ± 3.61 0.196
Post 10.42 ± 4.53 8.18 ± 3.12
Adjusted 9.78 ± 0.31 8.81 ± 0.31 0.044 0.217

BMC: bone mineral content; FFM: fat-free mass; ECW: extracellular water; ICW: intracellular water; TBW: total
body water.
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measures of disease activity at baseline and followup, and
the results of ANCOVA are shown in Table 3. Despite its
high intensity and volume, the proposed PRT program did
not significantly affect RADAI, fatigue, or ESR.

Association between changes in appendicular lean mass
and changes in physical function. There was a moderate and
significant correlation between change in arm lean mass and
change in handgrip strength (r = 0.444, p = 0.050), and
change in elbow flexor strength (r = 0.511, p = 0.021) but
not with change in advanced ADL score (r = –0.204, p =
0.388). On the other hand, change in leg lean mass correlat-
ed moderately and significantly with change in advance
ADL score (r = –0.496, p = 0.026). There was also a strong

and significant association between change in leg lean mass
and change in SST-30 performance (r = 0.746, p = 0.001).

DISCUSSION
This is the first study to demonstrate that high intensity PRT
with adequate volume is an effective adjunct treatment of
cachexia in RA patients. In fact, we found a significant
increase in both arm and leg lean mass, the primary outcome
measures in this clinical trial, which suggests generalized
muscle growth in response to our PRT program. This is in
contrast with Rall and colleagues9 who could not demon-
strate any significant increase in total body potassium,
another proxy measure of skeletal muscle mass10, in their
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Table 3. Effects of 12 weeks of progressive resistance training on physical function and disease activity in
patients with RA. Pretest and posttest scores are presented as means ± SD. Adjusted scores (posttest scores
adjusted for pretest scores) are presented as means ± SEM. Differences between groups at baseline were tested
by paired t tests. Differences between groups in the adjusted scores were tested by ANCOVA. The difference
between groups in ESR change score (posttest score–pretest score) was tested by ANOVA.

Variable Training Group, Control Group, p η2

n = 10 n = 10

Hand-grip strength, N
Pre 187 ± 108 223 ± 133 0.415
Post 224 ± 115 204 ± 135
Adjusted 241 ± 17 187 ± 17 0.045 0.215

Elbow flexor strength, N
Pre 171 ± 43 196 ± 87 0.295
Post 222 ± 63 194 ± 97
Adjusted 235 ± 14 181 ± 14 0.016 0.298

Knee extensor strength, N
Pre 297 ± 85 312 ± 154 0.753
Post 347 ± 46 319 ± 147
Adjusted 352 ± 15 313 ± 15 0.073 0.177

SST-30, repetitions
Pre 11.3 ± 2.8 12.2 ± 3.2 0.450
Post 15.7 ± 3.3 12.8 ± 2.7
Adjusted 16.1 ± 0.6 12.4 ± 0.6 0.001 0.519

Modified HAQ, 1–4
Pre 1.3 ± 0.3 1.5 ± 0.6 0.320
Post 1.3 ± 0.2 1.3 ± 0.4
Adjusted 1.2 ± 0.1 1.2 ± 0.1 0.900 0.001

Advanced ADL, 1–4
Pre 2.1 ± 0.4 2.4 ± 0.6 0.085
Post 1.8 ± 0.3 2.3 ± 0.6
Adjusted 1.9 ± 0.1 2.2 ± 0.1 0.008 0.351

RADAI, 0–10
Pre 2.5 ± 1.1 2.8 ± 1.7 0.721
Post 2.0 ± 1.4 2.3 ± 1.5
Adjusted 2.1 ± 0.3 2.2 ± 0.3 0.893 0.001

Fatigue, 0–10
Pre 4.4 ± 1.8 4.9 ± 3.2 0.601
Post 3.1 ± 2.1 4.4 ± 3.3
Adjusted 3.2 ± 0.8 4.3 ± 0.8 0.363 0.049

ESR, mm/h
Pre 18.8 ± 16.6 22.5 ± 17.6 0.644
Post 16.7 ± 8.9 20.9 ± 18.1
Change –2.1 ± 11.0 –1.6 ± 7.0 0.905 0.001

SST-30: 30-s maximal sit-to-stand test; HAQ: Health Assessment Questionnaire; ADL: activities of daily living;
RADAI: Rheumatoid Arthritis Disease Activity Index; ESR: erythrocyte sedimentation rate.
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subjects after 12 weeks of high intensity PRT. As patient
characteristics were similar, and as the programs were iden-
tical with respect to relative exercise intensity, number of
sets and repetitions per exercise, muscle action and repeti-
tion velocity, rest periods, training duration, and exercise
adherence, we believe that the combination of a higher num-
ber of resistance exercises per training session and higher
training frequency, and the consequently higher total week-
ly training volume (576 vs 240 weight lifts per week),
accounts for the superior anabolic effects of our PRT pro-
gram compared to the one prescribed by Rall, et al9. 

Contrary to Rall, et al9, we also found a significant
increase in FFM, which was secondary to a significant
accretion of estimated total body protein. As changes in
body composition reflect the “area under the curve” of the
organism’s metabolic state32, this finding suggests that PRT
is able to overturn the negative nitrogen balance character-
istic of RA7. This is not surprising as a similar resistance
exercise protocol stimulated net mixed muscle protein syn-
thesis in healthy humans33. Overall, the results of our study
suggest that PRT can reverse whole-body protein catabolism
and stimulates skeletal muscle hypertrophy in RA patients
and serve to reject the hypothesis of resistance to anabolic
stimuli in this population. In fact, the 5–6% increase in FFM
measured in our study is comparable to the one measured in
healthy subjects undergoing a similar PRT program34. This
observation, together with the recent findings of Häkkinen,
et al35, suggests that RA patients can adapt normally to
physical training provided proper exercise mode, intensity,
duration, frequency, and progression are prescribed and
adhered to.

The positive anabolic effects of our PRT program were
accompanied by significant increases in 3 out of 4 objective
measures of physical function, and the increase in knee
extensor strength approached statistical significance. The

smaller overall increase in muscle strength found in our
study (+22%) compared to that observed by Rall, et al9

(+57%) can be explained by the fact that our static measures
of muscle strength were chosen to minimize training speci-
ficity whereas Rall, et al9 used the same dynamic resistance
exercises for both testing and training36. An improvement in
sit-to-stand performance in response to PRT in RA patients
has also been reported by other authors37,38. We also meas-
ured a significant reduction in self-reported difficulties in
advanced ADL in response to PRT. This finding is particu-
larly important because the change in this HAQ score was
larger than that considered clinically relevant31. Previous
studies on the effects of physical training in RA patients,
despite proving efficacy in improving aerobic capacity,
muscle strength, and joint mobility, have not convincingly
demonstrated a positive effect on subjective measures of
physical function39. Van den Ende, et al39 suggested this
discrepancy might be explained by the low sensitivity of
questionnaires commonly used in RA to measure difficulty
in ADL, particularly in patients with mild disability, i.e.,
those usually recruited for physical training studies. Our
results support this conclusion as we measured a substantial
decrease in disability when using the advanced ADL scale
(designed by Pincus and colleagues to reduce the floor
effects of other HAQ questionnaires when administered to
RA patients with mild disability22), but not when using the
modified HAQ. Interestingly, changes in physical function
were generally associated with changes in appendicular lean
mass. However, most correlations, albeit significant, were
only moderate, and relative improvements in physical func-
tion exceeded the relative increases in arm and leg lean
mass. This is a well-known phenomenon, and studies in
healthy subjects and RA patients40 suggest that increased
muscle strength over the first few weeks of PRT is mainly
due to neural rather than muscular adaptations. Never-
theless, this finding gives some empirical support to the
assumption that therapies targeting muscle atrophy would
improve clinically relevant outcomes such as functional sta-
tus in RA patients.

In addition to the significant anabolic and functional
responses, we measured a moderate loss of fat mass in the
trunk after only 12 weeks of high intensity PRT. Although
this effect was only a trend, its size and potential impact on
outcome in RA patients are of great clinical interest. RA
predisposes to central obesity even in patients not taking
corticosteroids3, and its combination with insulin resistance,
blood lipid abnormalities, hypertension and systemic
inflammation (the so-called metabolic syndrome) greatly
increases the probability of developing cardiovascular dis-
ease41, a common co-morbidity in patients with RA42.
Therefore, PRT might reduce mortality not only by aug-
menting the body protein mass disposable to the liver and
other vital organs in situations of acute stress43, but also by
reducing cardiovascular risk in RA patients.

1037Marcora, et al: Resistance training and RA

Figure 1. Weekly increase in average training session load (total weight lift-
ed) in 10 RA patients participating in 12 weeks of progressive resistance
training. Data are presented as means ± SEM. *Main within-subject effect
of time by ANOVA, p = 0.002.
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Importantly, we have also demonstrated that our PRT
program, despite its much higher total weekly training vol-
ume, is feasible, well tolerated, and does not exacerbate dis-
ease activity in mildly disabled patients with well-controlled
RA as previously feared by Rall, et al9, who did not train
their subjects with more resistance exercises per session and
more frequently to avoid potentially excessive articular
stress44. This adds to many other studies on PRT in RA
patients, which found no deleterious effects on pain and
other measures of disease activity8.

Our study has several limitations. Because of limited
resources, we could provide supervised PRT sessions only at
one site and this presented a serious problem for recruitment
of volunteers in our rural area. Therefore, treatment was not
randomly allocated, and RA patients willing and able to
travel regularly to the training site were conveniently
assigned to the training group. A group of RA patients with
similar disease characteristics and matched for age and sex
served as controls. Although many other characteristics that
might have had an effect on the outcome of the study (e.g.,
baseline body composition and functional status, dietary
intake, and habitual physical activity) did not differ between
groups, non-random allocation to treatment cannot control
for unrecognized potential confounding factors. For
example, subjects more likely to participate in sports and
leisure-time physical activities might have different genetic
characteristics compared to sedentary subjects45. Never-
theless, spontaneous changes in body composition such as
those measured in the subjects who underwent the pre-
scribed PRT program have not been reported in the literature
and seem highly unlikely as aging people and people with
chronic diseases characteristically lose total body protein
and muscle mass46. Other possible threats to the internal
validity of our study are the low power for detection of a sig-
nificant change in trunk fat mass and knee extensor strength,
the assessor being aware of subjects’ allocation, and the
absence of “placebo” treatment such as flexibility exercises.
However, objective measures of total body composition by
DEXA cannot be influenced by the assessor and are unlike-
ly to be significantly affected by placebo47. In terms of
external validity, our study is limited by the exclusion of
severely disabled patients and patients with active RA and,
therefore, our findings cannot be readily generalized to these
subgroups of patients. Also, the recent results of de Jong, et
al48 suggest that the safety of physical training programs
should be considered not only in terms of disease activity
but also by assessing radiological progression over a much
longer period of time, particularly in RA patients with con-
siderable damage to the large joints. It is important to note,
however, that PRT is a low impact activity and has been suc-
cessfully used to treat knee osteoarthritis49.

Despite these limitations, this is the first study to demon-
strate that high intensity PRT with adequate volume can
reverse cachexia in RA patients. Pending confirmation of

our results in a larger randomized, double-blind, placebo-
controlled Phase III trial, a similar PRT program should be
included in the clinical management of this debilitating dis-
ease. Future studies should also investigate the mechanisms
behind PRT-induced increases in skeletal muscle mass and
physical function in RA patients, its longterm effects (e.g.,
on joint damage and mortality), and the efficacy of PRT
combined with other interventions such as dietary supple-
mentation and anabolic hormones.
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