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Abstract Patients with rheumatoid arthritis (RA) suffer
from muscle loss, causing reduced muscle strength and
endurance. The current study aimed to: (1) evaluate the
effects of combined strength and endurance training (CT)
on disease activity and functional ability in patients with
RA and (2) investigate the benefits of a 6-month supervised
CT program on muscle strength, cardio-respiratory fitness,
and body composition of RA patients. Forty patients with
RA, aged 41-73 years, were recruited for the current study.
Twenty of these patients (19 females, one male) were
randomly assigned to a 6-month supervised CT program;
20 patients (17 females, three males) served as controls.
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Within the CT program, strength training consisted of sets
of weight bearing exercises for all major muscle groups. In
addition to strength training, systematic endurance training
was performed on a cycle ergometer two times per week.
For RA patients involved in CT, disease activity (p=0.06)
and pain (p=0.05) were reduced after the 6-month training
period while general health (p=0.04) and functional ability
(»=0.06) improved. Cardio-respiratory endurance was
found to have improved significantly (by 10%) after
6 months of CT (p<0.001). The overall strength of patients
undertaking CT increased by an average of 14%. Lean body
mass increased, and the percentage of body fat was found
to decrease significantly (p<0.05). A combination of strength
and endurance training resulted in considerable improve-
ments in RA patients’ muscle strength and cardio-respiratory
endurance, accompanied by positive changes in body
composition and functional ability. Long-term training
appears to be effective in reducing disease activity and
associated pain and was found to have no deleterious effects.

Keywords Body composition - Endurance training -
Functional ability - Functional capacity - Pain - Rheumatoid
arthritis - Strength training

Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory auto-
immune disease, causing progressive damage to the
musculoskeletal system [1-4], loss of function [3, 5, 6],
and increased energy expenditure [7]. Joint pains are
typically caused by inflammation and in advanced cases
can relate to joint destruction, further limiting the patients’
physical activities [8]. Consequently, patients with RA
suffer from muscle loss and reduced muscle strength,
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ranging from 30% to 70% [1, 2], while endurance is
reduced to 50% [2]. All of these factors contribute to the
loss of physical function and quality of life [9]. The
frequency of RA is twice as great in women as in men and
is most prevalent among those aged 40-60 years [10].

Historically, studies have focused on examining the best
conservative therapies, e.g., optimal immobilization, or the
value of bed rest [11-13]. However, immobilization and bed
rest lead to loss of muscle mass and thus muscle strength,
(e.g., a reduction from 1% to 2% per day in healthy young
subjects) [14]. In the presence of RA, the loss of muscle mass
is even more pronounced [15]. Also known as rheumatoid
cachexia, loss of muscle mass is thought to contribute to
increased mortality (two to five times higher all-cause
mortality) and reduced life expectancy (by 3—18 years) [16].

A recent Cochrane review of dynamic exercise therapy for
treating RA concluded that long-term dynamic exercise is
effective in increasing aerobic capacity and/or muscle strength
[17]. Studies included in this review indicate that strength
training (ST) enhances muscle strength and functional
capacity [18, 19] as well as prevents further reduction of
bone mineral density [20]. In a recent study by Lemmey et al.
[21], 24 weeks of high-intensity ST was effective in restoring
lean mass and physical function in patients with RA.
However, these results are at odds with the earlier findings
of Rall et al. [22], in which progressive ST failed to augment
fat-free mass in patients with RA. Therefore, the efficacy of
ST on lean body mass in patients with RA requires further
investigation. Furthermore, at present, there is little evidence
whether long-term dynamic exercise reduces cardiovascular
disease (CVD) or its risk factors in patients with RA. Because
excess cardiovascular mortality is the main cause of reduced
life expectancy in RA [23], interventions to reduce CVD risk
factors, e.g., total body fat mass, are of vital importance.

There is now good evidence that dynamic physical
activity has nil or only a moderate effect on disease activity
and pains [24, 25]. These findings are in accordance with a
current systematic review provided by Cairns and McVeigh
[26]. Still there are discrepancies in findings across studies
regarding the effect of ST on functional ability. One recent
study reported improvements [27], while other combined
programs did not result in statistically or clinically
significant changes in their patient populations [18, 28, 29].

The current study sought to evaluate the effects of
6 months of combined strength and endurance training (CT)
on: (1) the disease activity and functional ability in patients
with RA and (2) the muscle strength, cardio-respiratory
fitness, and anthropometry parameters in RA patients.

The null hypothesis of the present investigation is to find a
detrimental effect of CT on disease activity in patients with RA
(due to the considerable load that strength training puts on the
joints and muscles). However, we expect to find no negative
effects on disease activity after 6 months of CT since the
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strength training load is individually increased and systemat-
ically adapted under supervision throughout the entire training
period by a professional instructor and an experienced
physician. The second null hypothesis is not to find improve-
ments in functional ability after 6 months of CT in patients
with RA. That ST might have a positive effect on function and
disability in patients with RA is to be expected given the recent
finding by Giles et al. [30], in which appendicular fat and lean
tissue mass exert significant effects on disability score.

Materials and methods
Study population

Forty patients (mean age + standard deviation 59.3+
7.9 years; range 41-73 years) with RA were recruited from
the Rheumatology Unit at Wilhelminen Hospital Vienna.
All patients fulfilled the diagnosis criteria for RA according
to the American College of Rheumatology [31]. The
patients’ duration of RA symptoms was >2 years at the
start of the study; all subjects had been receiving stable
drug therapy during the preceding 3 months. All partic-
ipants were told to continue their current medications
during the study. Medications were to be modified only in
case of an acute event. Twenty patients (19 females, one
male) were randomly assigned to a 6-month supervised
combined strength and endurance training program; 20
patients (17 females, three males) served as controls. The
patients were assigned, via simple randomization, in a 1:1
ratio to a combined strength and endurance training or
control group. Before inclusion in the study, the patients
were clinically examined by a rheumatologist to assess their
clinical status and to exclude contraindications to perform a
physical fitness program. The exclusion criteria included:
participation in another study program, cardiac arrhythmia,
recent myocardial infarction, stroke, cancer, or an untreated
hypertension. The study was approved by a local ethics
committee. The purpose, nature, and potential risks of the
study were explained to the participants before obtaining
their written consent. The progress of patients throughout
the study is depicted in Fig. 1.

Measurements
The following examinations were carried out on both groups
immediately before and at the end of the training period:

— Medical history and clinical examination

o Echocardiography—To exclude a RA organ mani-
festation, each patient had an echocardiography
before and at the end of the study period to assess
valve morphology and the ejection rate (ER%).
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Fig. 1 Flow of participations
through each stage of the trial
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o Blood pressure measurements—Blood pressure mea-
surements were taken with a standard sphygmoma-
nometer after each patient had remained seated for
S min of quiet rest both before and at the end of the
training period (for each training session).

o Laboratory determinations—Serum concentrations
of the following parameters were measured by the
clinical laboratory of the Herz—Jesu Hospital: sedi-
mentation of the blood (BS), after 1 h and after 2 h,
and C- reactive protein (CRP). Samples were
analyzed on the day they were collected.

o Medication—Current use of medications was docu-
mented relating to the active substance, doses,
frequency, and the duration of use.

Clinical health status

0 DAS28 index (0-10 scale)—The modified Disease
Activity Score, including 28 tender and 28 swollen
joints, was used to evaluate clinical disease activity
[32].

o VAS (0-100 mm scale)—The patient’s assessment of
general health and pain were evaluated with a 0—
100-mm visual analog scale [32].

Functional ability

o HAQ-DI score (0-3 scale}—Functional ability was
assessed with the Health Assessment Questionnaire
Disability Index (HAQ-DI) [33]. THE HAQ-DI
comprises 20 questions across categories of daily
functioning. The total HAQ-DI score ranges from
0 (no functional limitations) to 3 (serious func-
tional limitations). The change score can thus vary
from —3 (maximal improvement) to +3 (maximal
deterioration).

Ergometry

Cardio-respiratory fitness was measured by an
exercise stress test. All subjects underwent a cycling
test on an electrically braked cycle ergometer (Ergo-
metrics 900, Ergoline, Windhagen, Germany) to mea-
sure maximum workload (W,,,c) before and after the
training period. Heart rate was continuously monitored
via an electrocardiogram, with blood pressure mea-
sured in the final minute of each work level. The
exercise started with a work load of 25 W (/) and was
increased stepwise by 25 W every 2 min until
exhaustion.
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— Dynamometry

Maximum muscle strength was determined by one
repetition maximum (1RM in kilopond) using the Concept
2 Dyno (Concept 2 Ltd, Wilford, Notts, UK). 1RM is
defined as the maximal strength that a muscle group is able
to generate with a single contraction. Resistance is created
in direct response to the patient’s effort. After each
completed lift, a monitor shows how much weight was
lifted. The Concept 2 Dyno has three basic positions for
the determination of muscle strength using the 1RM. A
maximum of three tests is allowed to avoid muscle fatigue.
The three representative exercises included bench press
(m. pectoralis major/minor), bench pull (m. latissimus
dorsi), and leg press (m. quadriceps femoris, m. glutei,
ischiocrural muscles), all performed in a seated position.

— Anthropometric measurements

o Body weight—Each participant had her/his body
weight measured (Seca, Hamburg, Germany) to the
nearest 0.1 kg, and height was recorded to the
nearest 0.1 cm while wearing light indoor clothes
(without shoes).

o Fat mass—Skinfold measurements were taken with
calipers (Model Caliper GMP; Siber Hegner
Maschinen AG, Ziirich, Switzerland) and recorded
to the nearest 0.1 mm. To minimize inter-observer
variation, the same experienced instructor assessed
each patient’s skinfold. A mean of three measure-
ments was considered to be representative. Measure-
ments were taken at ten different body locations
(bucca, chin, chest, mid-axillary-suprailiac, thigh,
abdomen, triceps, subscapula, calf, and knee).
Percentage of body fat (%BF) was then estimated
by using the following sex-appropriate equations
[34]: BF(%)=BW x /{[(sum of mean values
of the tenskinfold measurements — 40)/20x BS x
0.739/BW]— 0.003} x 100 where body weight
(BW) is measured in kilograms and body surface
(BS) is equal to 0.007184 x BW**** x height®"*.

o Lean body mass—Lean body mass (LBM) was
calculated as total weight minus fat mass.

Training program
Combined strength and endurance training program

Twenty subjects participated in a 6-month combined
strength training and endurance training program under-
taken in two sessions, on non-consecutive days of the
week. A brief warm-up period required 10 min of
stretching exercises before each training session began.
Instructions in correct exercise techniques and supervi-
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sion of the patients throughout the entire training period
were performed by a professional instructor and an
experienced physician.

Strength training—During the first 2 weeks of the
training program, the weight was kept to a minimal level
so that the patients could learn the exercise techniques and
allow muscles to adapt to the training, as well as to prevent
muscle soreness and joint pains. From the third week, the
objective of the training was to achieve hypertrophy, so two
sets of exercises per muscle group were undertaken each
week. One set consisted of ten to 15 repetitions, without
interruption, until severe fatigue occurred and completion
of further repetitions was impossible. The ten- to 15-
repetitions maximum is equivalent to 70% 1RM for most
exercises [35]. The training load was individually and
systematically adapted to keep the maximum possible
repetitions per set (i.e., ten to 15). When more than 15
repetitions were successfully performed at a given weight,
the weight was increased by an amount that permitted
approximately ten repetitions to be performed. The numb-
ers of sets for each muscle group were systematically
increased every 6 weeks, from two at the beginning of the
program to three and finally four sets per week at the end of
the program. The ST program consisted of a series of
exercises for major muscle groups. Exercises to strengthen
the upper body included bench press (pectoralis), chest
cross (horizontal flexion of the shoulder joint), shoulder
press (trapezius), pull downs (latissimus dorsi), bicep curls,
tricep extensions, and exercises for abdominal muscles (sit
ups). Lower body exercises included leg press (quadriceps
femoris). An individualized program was given to the
patients. ST was provided within the available range of
movement.

Endurance training (ET)—Systematic ET was performed
on a cycle ergometer. During the first 4 weeks, ET participants
trained for 15 min per session, two times per week. From the
fifth week, exercise sessions were increased by 5 min every
4 weeks. The total exercise time per week during the last
4 weeks (excluding warm up and cool down) was 80 min.
Heart rate (HR) was monitored continuously throughout the
training period (POLAR Electro, Kempele, Finland). Based on
the linear correlation between VO,,,x and HR, training was
controlled by an HR according to 60% of VO,,.c. This was
derived from ergometry by using the following formula [36]:
HR = HRyest + (HRpax — HRyest) X 0.6 & Sbeats/ min, where
HR,. was HR after a break of 10 min, in supine position.
Thus, the stress in relation to the maximum power was over
the training period constant according to 60% of VOyyax.

Control group

The patients in the control group were instructed to perform
stretching exercises twice a week, without using additional
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resistance, to maintain their joint mobility. They were free
to continue their recreational physical activity with the
exception of ST and systematic ET.

Statistical analysis

Data analysis was performed using the Statistical Package
for Social Sciences (SPSS 15.0). All parameters were
described by mean values + standard deviation (SD).
Normality was assessed with the Shapiro—Wilk test. In
dependency of Gaussian distribution, the paired 7-test or
the Wilcoxon test was carried out to assess the significant
differences in changes of the same variables before and
after training; the unpaired 7-test was used to assess
significant differences in changes between the groups. P
values<0.05 were considered statistically significant.

Results
Baseline characteristic and clinical data

At the beginning of testing, both study groups had similar
profiles for age, sex, disease duration, medication, and
physical characteristics (Table 1). Five of 20 patients
dropped out of the intervention group (25%)—meaning,
just 15 of the 20 training group patients finished the study
period and were included in the statistical analysis. Two
patients did not complete the study for health reasons (acute
disease activity), two patients dropped out for private
reasons, and one for occupational reasons (Fig. 1). Com-
pliance to training was good for the CT group. Of the 48

Table 1 Baseline characteristics of patients with rheumatoid arthritis
in the combined strength and endurance training group (CT) and
control (CO) (mean+SD)

Baseline characteristics CT (n=20) CO (n=20) p
Age (years) 59.3£7.9 55.6£9.7 ns
Sex (female/male) 19/1 17/3 ns
Disease duration (years) 16.2+6.5 14.2+8.8 ns
Body weight (kg) 70.40+£11.19 74.90+£17.19 ns
Body fat (%) 35.30+6.43 33.01+6.84 ns
Lean body mass (kg) 44.87+4.93 49.88+9.39 ns
Functional capacity (Wax) 96.00+£29.39 98.83+20.65 ns
Muscle strength (1-RM)

Leg press (kp) 66.73+£24.69 68.20+£18.27 ns
Bench press (kp) 26.87+£12.66 33.80+£12.66 ns
Bench pull (kp) 30.53+16.02 36.30+£13.95 ns

Significant differences between groups, p<0.05

ns not significant

scheduled sessions, the subjects completed on average 36
sessions, i.e., 75% of the sessions.

Disease activity, pain, and functional ability

Indices of disease activity are shown in Table 2. Results
indicate that disease activity improved after the 6-month
training period (from 3.57+1.1 to 3.12+1.27; p=0.06) but
not to a statistically significant degree (Fig. 2). Neither BS
nor CRP demonstrated significant changes. Combined
training produced a significant reduction in pain, evaluated
with a 0-100-mm VAS (from 33.33+£21.60 to 25.86=+
19.78; p=0.05). Furthermore, the patient’s assessment of
general health (GH, in mm VAS) improved significantly
(from 36.33+21.25 to 25.20+£21.44; p=0.04) (Fig. 3). The
effectiveness of combined ST and ET was supported by a
16% improvement in functional capacity (from 1.2340.80
to 1.01£0.67; p=0.06) as assessed with a HAQ-DI (Fig. 2).

Cardio-respiratory endurance and muscle strength

After the 6-month training period, no significant changes in
the maximum strength (1RM) and maximum workload
(Wmax) Were observed between the groups. The muscle
strength data and cardio-respiratory data are provided in
Table 3. However, results demonstrated that W,,,, improved
significantly (by 10%) after 6 months of CT (from 96.0+
29.39 W to 106.86+31.25 W; p=0.00). Maximum strength
increased by an average of 22% for leg press (from 66.73+
24.69 kp to 81.4+£22.37 kp; p=0.01) (Fig. 4), 11% for
bench press (from 26.87+12.66 kp to 29.8+£14.4 kp; p=
0.06), and 9% for bench pull (from 30.53+16.02 kp to
33.13£15.41 kp; p=0.03). The respective data in the

Table 2 Effect of combined strength and endurance training on
disease activity, pain, and functional capacity in patients with
rheumatoid arthritis (mean+SD)

Pre-study Post-study p

(n=20) (n=15) value
BS1 (mm) 19.40+16.18 17.26+15.50 0.34
BS2 (mm) 37.85+22.75 32.46+22.56 0.41
CRP (mg/dl) 2.85+6.38 1.32+2.05 0.21
DAS28 (0-28) 3.57+1.10 3.12+1.27 0.06
GH (VAS 0-100 mm) 36.33+21.25 25.20+21.44 0.04*
Pain (VAS 0-100 mm) 33.33+21.60 25.86+19.78 0.05%*
HAQ-DI Score (0-3) 1.23+0.80 1.01+0.67 0.06

BS1 sedimentation of the blood after 1 h, BS2 sedimentation of the
blood after 2 h, CRP C-reactive protein, DAS28 disease activity score
with 28 variables, GH general health, HAQ-DI Health Assessment
Questionnaire Disability Index, VAS visual analog scale

*p<0.05, statistically significant
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DAS-28 HAQ-DI

Fig. 2 Mean values of disease activity score with 28 variables (DAS-
28) and functional ability (HAQ-DI) at baseline (pre-study) and after
6 months (post-study) of combined strength and endurance training in
patients with rheumatoid arthritis. P values <0.05 were considered
statistically significant

control group remained unchanged, with no improvements
in Whax and 1RM of all muscle groups.

Body composition

The benefits of CT for patients with RA were demon-
strated in observed alterations in body composition
(Table 4). After the training period, a significant reduction
in body weight was observed in the CT group by an
average of 1.6 kg (from 70.4+11.19 kg to 68.86+
10.84 kg; p=0.01), whereas no such change was seen in
the control group. LBM increased and the percentage of
body fat (%BF) decreased significantly after 6 months of
CT (from 44.87+4.93 kg to 46.34+6.09 kg, p=0.12, and
from 35.3+£6.43%BF to 32.42+4.46%BF, p=0.02, respec-
tively). In contrast, LBM decreased and the percentage of
body fat increased significantly after 6 months for patients
in the control group (from 49.88+9.39 kg to 48.42+
9.43 kg, p=0.01, and from 33.01+6.84%BF to 34.56+
7.07%BF, p=0.03). Nevertheless, the difference in change
after 6-months between CT and control was not statisti-
cally significant for body weight (p=0.31), %BF (p=
0.36), and LBM (p=0.51).

B Pre-Study
M Post-Study

40 I p=0.04 |

30

[p=005 |

20

GH Pain

Fig. 3 Mean values of general health (GH) and pain measured by a
visual analog scale (VAS 0-100 mm) at baseline (pre-study) and after
6 months (post-study) of combined strength and endurance training in
patients with rheumatoid arthritis. P values<0.05 were considered
statistically significant
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Changes in medications

All participants were told to continue their current
medication during the 6-month study period. Medications
were modified only during acute stages of disease activity
in two patients. In this case, non-steroidal anti inflammatory
drugs or short-term cortisone therapy was used. Thirty-
eight of 40 patients received disease-modifying antirheu-
matic drug as a basal therapy. Twenty of 40 patients
undertook cortisone therapy (Aprednislon, 2.5 to 7.5 mg)
and 18 of 40 patients received a biologicum (six infliximab,
six etanercept, five adalimumab, and one Mabterra).

Discussion

The current study was designed to examine whether
exercise training, especially ST, has negative effects on
disease activity. Previous studies examining the effects of
moderate or high-intensity exercise in patients with RA
found either decreased or stable disease activity [18, 19, 24,
29]. In the current study, disease activity and pain were
found to have reduced after 6 months of combined strength
and endurance training. Nevertheless, two patients have
been ruled out due to disease flares. The reasons for this are
not clear. In individuals with RA, a nonspecific overflow
may occur because more general adaptations to training
take place in a deconditioned state. The typical patient with
RA is non-trained, both as regards fitness and strength.
Further, evidence indicates that the association between
long-term high-intensity exercise training and disease
activity may be influenced by baseline damage [37].

General health and functional ability improved (by an
average of 30% and 18%, respectively). These results are in
line with a systematic review of 15 randomized controlled
studies summarizing the effect of dynamic physical activity
on disease activity measured by inflammatory markers,
pain, or changes in range of motion [25]. A conclusion of
the review of these studies was that pain or the ability to
perform activities of daily life remained unchanged in most
studies and that the disease activity was either reduced or
unchanged. Based on findings from the few long-term
studies that assessed exercise and the radiologic progression
of the small joints, it appears that exercise, even long-term
ST, is safe for the joints of hands and feet [20, 24, 29, 38,
39]. None of the reviewed studies reported negative
outcomes for function and disease activity with dynamic
exercise training.

In a previous study, intensive training in the form of
weight bearing sports (volleyball, football, or basketball)
was found to be effective in slowing down the loss of bone
minerals in patients with RA [24], a finding that is in
accordance with an earlier study that reported a modest but
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Table 3 Cardio-respiratory endurance and muscle strength before and after combined training (CT) or control (CO) (mean+SD)

CT group (n=15) p CO group (n=20) p p (CT-CO)
Winax (W)
Pre-study 96.00+29.39 98.83+20.65
Post-study 106.86+31.25 0.00" 99.05+19.59 0.92 0.39
Leg press (kp)
Pre-study 66.73+24.69 68.20+18.27
Post-study 81.40+22.37 0.01" 68.40+16.99 0.96 0.13
Bench press (kp)
Pre-study 26.87+12.66 33.80+12.66
Post-study 29.80+14.40 0.06 32.60+12.60 0.25 0.62
Bench pull (kp)
Pre-study 30.53+16.02 36.30+13.95
Post-study 33.13+15.41 0.03" 36.70+12.33 0.70 0.55

The arithmetic mean (x) with the standard deviation (SD), the probability of error between pre- and post-study within the groups (p), the
probability of error between CT and CO [p (CT—CO)] for the mean changes after the study period in the maximum workload in watts (W,,.x), the
maximum strength in kilopond (kp) for the exercises leg press, bench press, and bench pull before (pre-study) and after (post-study) the training

period

*p<0.05, statistically significant

positive effect arising from dynamic training on bone
mineral content [33]. According to one study, ST alone
does not appear to affect bone mineral density in early RA
[19]; however, a recent study suggests caution in prescrib-
ing long-term high-intensity weight bearing exercise to
patients who have significant radiologic damage of large
joints as some patients might develop additional damage
[40].

The progressive loss of function starts to develop early
in RA; inflammation disturbs body functions, which leads
to restrictions in daily activities [37]. Tumor necrosis factor-
« plays a central role in the pathogenesis of accelerated
muscle loss in patients with RA and induces hepatic
production of CRP [41]. Elevated serum CRP level has
been extensively reported as an independent predictor of
CVD [42, 43]. Currently, there is increasing evidence to

M Pre study
B Post study
90.0 | p<0.01 |
| p=n.s. |
67.5
45.0

225

cT co

Fig. 4 Mean values of the maximum strength in kilopond (kp) for the
exercise leg press at baseline (pre-study) and after 6 months (post-
study) of combined strength and endurance training (C7) or control
(CO) in patients with rheumatoid arthritis. P values<0.05 were
considered statistically significant

suggest that CRP might play a role as a direct contributor to
the atherosclerotic process [44]. As such, one of the core
aims of therapy for RA is the delay of disability and the
prevention of CVD. In our study, CRP decreased with CT
(53%), possibly indicating reduced active inflammation in
the trained state. These results are in line with a very recent
systematic review by de Salles et al. [45], which demon-
strated a significant reduction in serum CRP levels after ST
intervention. It is speculated that the anti-inflammatory
effect of ST on CRP may be mediated by the modulation of
cytokine production from other sites, besides adipose
tissue, such as skeletal muscle and mononuclear cells [46].

This study demonstrated that the combined strength and
endurance training program carried out for a prolonged
period (24 weeks) resulted in considerable improvements,
both in cardio-respiratory endurance (W) and in muscle
strength (1RM) in patients with RA. The maximum
strength of all muscle groups increased significantly after
6 months of CT (9-22% of initial levels), and additional
improvements were observed in W,,.x, Wwhereas no changes
were observed in the control group. These findings are in
accordance with a systematic review provided by Stenstrom
and Minor [25], which demonstrated strong evidence for
the benefits of aerobic and strengthening exercise for
patients with RA. Because decreased muscle strength is
considered to be a major impairment among patients with
RA [2], findings offer important clinical implications.
Indeed our RA subjects already demonstrated reduced
muscle strength at the beginning of the training program.
It seems sensible to suggest combined training programs to
address both, cardio-respiratory fitness as well as muscle
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Table 4 Changes in body composition after combined training (CT) or control (CO) (mean+SD)

CT group (n=15) )4 CO group (n=20) )4 p (CT-CO)
BW (kg)
Pre-study 70.40+11.19 74.90+17.19
Post-study 68.86+10.84 0.01" 74.50+16.59 0.49 0.31
%BF (%)
Pre-study 35.30+6.43 33.01+6.84
Post-study 32.42+4.46 0.02" 34.56+7.07 0.03" 0.36
LBM (kg)
Pre-study 44.87+4.93 49.88+9.39
Post-study 46.34+6.09 0.12 48.42+9.43 0.01" 0.51

The arithmetic mean (x) with the standard deviation (SD), the probability of error between pre-study and post-study within the groups (p), the
probability of error between CT and CO [p (CT-CO)] for the mean changes after the study period in body weight (BW), the body fat content in

percent (%BF) and the lean body mass (LBM)
*p<0.05, statistically significant

strength. An assumption is that the observed strength
development attained in the CT group was not inhibited
by simultaneous participation in ET [47]. Even though a
recent systematic review found that higher-intensity exer-
cise brings about more benefits [26], we have seen that
training at moderate intensity (defined as 60% of heart rate
reserved for ET and 60-70%1RM for ST) is sufficient to
improve aerobic capacity and muscle strength in patients
with RA. The physiologic adaptations attributed to CT may
allow the trained patient to better tolerate submaximal
workloads such as those encountered during day-to-day
functional activities. ST improves muscle strength due to
better synchronization (in the beginning of the training
program) and by hypertrophy; ET improves capillarization
of heart and skeletal muscles by increasing the absolute
number of capillaries and the capillary density (number of
capillaries for a given cross-sectional area of muscle).
However, these adaptations can only be obtained when a
sufficient training intensity is given [48].

In this study, CT had a positive impact on body
composition, with a significant decrease in percentage of
body fat (8.2%) and an improvement in LBM (by an
average of 1.5 kg). Compared with healthy controls, many
patients with RA have a lower fat-free mass and a relatively
high fat mass [49], further highlighting the potential
benefits of exercise, especially ST, in the treatment of RA.
Visceral adiposity is an important risk factor for low-grade
inflammation, which is thought to partly explain the excess
risk of CVD associated with obesity in RA patients. Data
from the Framingham Heart Study suggest that an increase
of 0.8 kg in visceral adipose tissue corresponds to an
elevated CRP concentration of 1.8 mg/dl in women and a
corresponding increase of 0.7 mg/l in men [50]. A study
undertaken by Héikkinen et al. confirmed the positive
effects of training on lean mass. These authors found that
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a 21-week combined strength and endurance training
program significantly increased muscle mass (by an
average of 6.5%) in women with RA [28]. A current study
by Marcora et al. assessed the positive effects of a 12-week
ST program on fat-free mass (1.2 kg, 6%) in patients with
RA, which was mainly concentrated in the arms and legs
[51]. In contrast, one older study by Rall et al. found a
significant increase in strength (by an average of 57%)
without changes in body composition after 12 weeks of
progressive ST in patients with RA [22]. The results of the
author suggested that patients with RA, perhaps due to their
hypermetabolic state, were resistant to the anabolic effects
of exercise. Whilst literature on the effect of exercise on
body composition in patients with RA is limited, a recent
study [21], as well as the current investigation, supports the
results of several studies, indicating that an increase in
LBM can be obtained if a sufficient training dose is present.
Furthermore, Lemmey et al. demonstrated that muscle
hypertrophy coincided with significant elevations of atten-
uated muscle insulin-like growth factor levels, revealing a
possible contributory mechanism for rheumatoid cachexia
[21].

CT seems to be effective in improving muscle strength,
cardio-respiratory endurance and, concomitantly, functional
ability, as demonstrated in this study by improvements in
self-reported physical function (HAQ-DI). The current
results are in line with a recent study by Flint-Wagner et
al. demonstrating the positive effects of a 16-week ST
program on pain and function in RA patients [27]. These
authors indicated a 53% reduction in pain and a clinically
important but not significant improvement in physical
function with ST. Furthermore, they found that increases
in strength were associated with decreased pain and
increased function. As it is unclear whether the improve-
ment in muscular function and disease activity with ST can
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be maintained in the longer term, further studies with post-
intervention follow-ups of at least 6 months are required in
order to assess whether training programs can be main-
tained as part of a regular treatment regime and whether the
improved rheumatic clustering can be maintained over
longer periods. Findings suggest that patients with RA
should be encouraged to undertake both aerobic and
strength training exercise. Of note is that exercise programs
should be carefully tailored for the individual, especially for
patients with underlying large joint damage or pre-existing
CVD.

Our study has several limitations, namely: (a) the limited
number of subjects recruited for the study groups and (b) no
follow-up control data for all outcome measures (disease
activity, pain, and functional ability). This study has been
planned to prioritize a pre—post comparison within the
experimental group for a special treatment regime (com-
bined strength and endurance training) rather than to assess
significant changes between the groups. The small sample
size (low power) may cause some clinically relevant
changes in the outcome measures to disappear, and it limits
in part the generalization of the results. Still our results
suggest that cardio-respiratory endurance and strength
improved without negative effects on pain and disease
activity. In order to generalize the results of the present
study, a larger group of RA patients should be investigated.
However, the size of the study groups is comparable to
those in previous studies involving combined training in
patients with RA [28].

A particular strength of the study was that the rheuma-
tologist who assessed the clinical status of the patients and
the research physician who assessed the outcomes did not
know which group the patients were in.

Our study is limited by the exclusion of severely
disabled patients and patients with active RA and, there-
fore, our findings cannot be readily generalized to these
subgroups of patients. Patient compliance with CT exercise
regimes were rated as 75%, indicating that strength and
endurance training is well tolerated. However, the safety of
physical training programs should be considered not only in
terms of disease activity but also by assessing radiological
progression over a longer period of time, particularly in RA
patients with considerable damage to large joints.

Conclusion

Long-term training appears to be effective in reducing
disease activity and pains. Findings demonstrate that a
combined strength and endurance training regime under-
taken for 24 weeks resulted in considerable improvements
in muscle strength and cardio-respiratory endurance in
patients with RA. Improvements in physical fitness were

accompanied by positive changes in body composition and
in functional ability. For these reasons, a regular strength
and endurance training is considered an integral element in
the effective treatment of RA.
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