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Abstract
Background
Rheumatoid arthritis (RA) is a chronic, immune-inflammatory disease of unknown aetiology affecting the syn-
ovial membrane of joints and surrounding tissues. Typically RA affects both large and small joints in a bilater-
al, symmetrical, poly-articular fashion. Degradation of bone, cartilage and muscle eventually lead to a reduction
in physical function. The purpose of this study was to determine the efficacy of an endurance exercise pro-
gramme on the fitness parameters (flexibility, strength and aerobic measurements), quality of life (visual ana-
logue scale and health assessment questionnaire) and disease activity (DAS28[4] version with CRP) of female
RA patients. 
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Introduction
Rheumatoid arthritis (RA) is a chronic, immune-inflamma-
tory disease of unknown aetiology affecting the synovial
membrane of joints and surrounding tissues.1-4 Typically RA
affects both large and small joints in a bilaterally symmetri-
cal polyarticular fashion. The most common joints involved
are the small joints of the hands and feet followed by the
wrists and ankles. The affected joints are swollen, warm,
tender and painful on movement.1

RA causes various physical impairments in those affected
by the disease.5 Some of these may include: an inhibition of
muscle contraction as result of joint effusion; myositis;
muscle atrophy due to decreased activity levels which leads
to a decrease in muscle strength; a loss of joint motion; and
reduced aerobic capacity secondary to systemic effects and
reduced activity levels. Persons with RA, especially those
severely affected by the disease, are in general 33% to 55%
weaker than their healthy counterparts.6

Although there is no cure for RA, much can be done to
manage the condition. Four major treatment approaches are
recognised in the management of RA, including medica-
tion, physical exercise, joint protection and lifestyle
changes, and surgical intervention.7

According to the American College of Sports
Medicine the primary objectives of exercise therapy in
patients with RA is (1) to preserve or restore range of
motion (ROM) and flexibility around affected joint(s);
(2) to increase muscle strength and endurance to build
joint stability; and (3) to increase aerobic capacity in
order to enhance psychological state and decrease the
risk of cardiovascular disease.2

A comprehensive exercise programme for RA patients is
said to include aerobic exercise at a moderate intensity for
three to five days a week, isometric or isotonic strength
training exercises three days a week, as well as stretching
exercises at least once daily.8 Several papers suggest that
exercise may improve functional capacity (i.e. quality of
life and fitness parameters),9-12 and have an effect on dis-
ease activity.13-17

The objective of this study was to measure the effect of
an endurance training programme on the fitness parame-
ters, quality of life and disease activity of females suffer-
ing from RA.

Materials and methods
Study design
The study was conducted at the University of Pretoria,
and ethical clearance was obtained from the Ethical
Committee, Faculty of Health Sciences. All participants
signed an informed consent document. A prospective ana-
lytical pre-post group comparison was adopted.

Methods
Female RA patients were randomly allocated to the experimental group (EG) (n=19) and the control group (CG)
(n=8). All participants went through a battery of tests before the intervention, and again after completion of the
study. The 12 week training programme consisted of three 45-minute training sessions per week and included
walking or aquatics, as well as stretches and isotonic strengthening exercises. The Mann-Whitney U test was
used to compare measurements between groups. The Wilcoxon signed-rank test was used to compare baseline
and post-intervention measurements within each group. 

Results
At the initiation of the study the CG and the EG were comparable for fitness, quality of life and disease activi-
ty. On completion of the training programme, statistically significant improvements at the 5% level of signifi-
cance were seen between the EG and CG, in favour of the EG, for left lateral flexion (p=0.015) and the 1 mile
walk test (p=0.011). Within the EG there were improvement of knee flexion left (p=0.026), knee extension (right
p=0.011; left p=0.009), scratch test (right p=0.007; left p=0.01), chair sit and reach (right p=0.011; left
p<0.001), strength parameters (p<0.05), 1 mile walk test (p<0.001), VO2 max (p=0.01) and DAS scores
(p<0.001). Within the CG, improvements were shown for knee extension (right p=0.05; left p=0.013). Although
their strength parameters improved significantly it was not in the same order as for the EG. The CG had a decline
in their aerobic measurements but their HAQ score improved (p=0.03). 

Conclusion
An endurance exercise programme, combined with isotonic strengthening exercise and stretching, improves the
functional capacity, quality of life and disease activity of female patients with RA. Attention received during the
study may have led to some placebo-induced improvements in control subjects, but not to the same extent as
those involved in exercise programmes.

Persons with RA are in general 33% to 55% 
weaker than their healthy counterparts
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Participants were selected based on the inclusion and
exclusion criteria (Table I).

A random sample, equally allocated to a control group
(CG) and an experimental group (EG) consisting of two
subsets (Aquatic exercise and Land exercise) was
planned. The final sample consisted of 37 patients who
were randomly allocated to the EG (n=25) and the CG
(n=12) by drawing a card stating the group they were in.
In this article the two experimental groups are reported
together as the aim was to assess the effect of exercise on
RA patients. Nineteen subjects from the EG and eight
from the CG completed the study. 

Intervention
The EG was required to train three times per week, 45
minutes at a time, for 12 weeks. The training was done
under supervision of a biokineticist (specialised in physi-
cal training programmes). The CG received no interven-
tion and was asked to continue with their sedentary
lifestyles. The programme consisted of a warm-up phase
(5 min), aerobic exercise (walking or aquatics for 20
min), strength training (10 min) and flexibility training
(10 min). Aerobic exercise intensity was started at 60%
of the heart rate maximum and was individually tailored
to a maximum of 80%. Strength training in week 1 was
50% of the one repetition maximum and this was gradu-
ally increased to 80% in week 12.

Measurements
Participants were tested at baseline and after 12 weeks
(post-intervention). Measurements included:
• Physical parameters: height (cm); weight (kg); body

mass index (BMI)
• Flexibility parameters: wrist flexion and extension

(degrees); knee flexion and extension (degrees); hip
flexion and extension (degrees); lateral flexion (side-
ways bend [cm]); chair sit and reach (cm); scratch
test (cm)

• Strength parameters: grip strength (kg); leg strength
(kg); arm curls (s); sit to stand test (s)

• Fitness parameters: Rockport 1 mile walk test (min);
VO2max Relative (ml/kg/min)

• Quality of life measures: Health Assessment 
Questionnaire (HAQ);18 Visual Analogue Scale for
pain (VAS)19

• Disease activity scores: DAS28(4) CRP version20

Results
Collected data were captured and analysed by using
SPSS Statistics 17.0. The non-parametric Mann-
Whitney U test was used to compare the EG with the
CG before and after intervention. The difference
between the post-intervention and baseline measure-
ments were used to assess whether the intervention had
an effect. This method was used to control for initial
differences between the two groups at baseline. To com-
pare baseline measurements and post-intervention
measurements within each group the Wilcoxon signed-
rank test was used. Significant differences at the 5%
and 10% level are reported. 

Baseline characteristics for the two groups are shown
in Table II.

A description of the measurements that changed sig-
nificantly, as well as the direction that indicates an
improvement, are explicated in Table III.

Firstly the functional parameters (flexibility, strength
and fitness) will be reported on, whereafter the quality
of life (HAQ and VAS) and disease activity parameters
(DAS) will follow. Mean values are displayed in the
tables. The graphs display the 95% confidence intervals
around the mean.

Functional parameters – between groups
At baseline the CG and EG were comparable, except for
knee flexion. The EG had significantly better knee flexion,
cf. Table IV. 

Inclusion criteria Exclusion criteria
Confirmed RA (ACR criteria)27 Smoking
Female gender Diabetic disease 
Controlled RA (stable medication Systemic disease (cardiovascular,
for at least 3 months) pulmonary, neurological, hepatic,

kidney)
Medically fit to participate in Drugs interfering with
an exercise programme - autonomic nervous system (ANS)

- cardiovascular system (CVS)
Willingness to participate in Prior physical training programme
the study
Age 30-60 years Allergies to pool chemicals

Table I: Criteria for inclusion and exclusion

CG (n=8) EG (n=19)
Age, yrs 49.7 ± 4.3 47.3 ± 9.2
BMI 31.7 ± 4.7 25.3 ± 3.5
Medication use:

Methotrexate 7 16
Sulfasalazine 0 2
Chloroquine 1 4
Leflunomide 0 2
Biologic drug 2 2
NSAIDs* 7 16
Prednisone 3 5

*Non-steroidal anti-inflammatory drugs

Table II: Baseline characteristics for the CG and the EG

The training was done under supervision of a biokineticist
(specialised in physical training programmes)
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Parameter Descriptor Direction of 
improvement 

Flexibility:
Knee flexion and extension Degrees hh
Hip flexion Degrees hh
Hip extension Degrees ii
Lateral flexion (sideways bend) Middle finger distance from floor (cm) ii
Chair sit and reach Middle finger distance from toe (cm) hh
Scratch test Reaching behind back: distance from middle hh

finger to inferior angle of scapula (cm)
Strength:

Hand grip Dynamometer (kg) hh
Leg strength Dynamometer (kg) hh
Arm curls Time to execute 30 (s) ii
Sit to stand Time to rise from chair to standing position 20 times (s) ii

Fitness:
1 mile walk test Time to walk 1 mile (min) ii
VO2max ml/kg/min hh

Quality of life:
VAS Scale of 1-10 ii
HAQ Scale of 1-3 ii

Disease activity:
DAS28(4) CRP Formula calculation ii

Table III: Parameter measurement descriptions

CG EG Group favoured
At baseline
Right knee flexion
(p-value = 0.003) Mean = 124.25° Mean = 138.26° EG
Left knee flexion
(p-value = 0.011) Mean = 129° Mean = 138.74° EG

Post-intervention (based on differences between post-intervention and baseline measurements)
Right lateral flexion (p-value = 0.014) Mean = 2.88 cm Mean = 0.62 cm EG

(53.23-50.35) (47.63-47.01)  
Left lateral flexion (p-value = 0.015) Mean = 1.84 cm Mean = –1.06 cm EG

(53.80-51.96) (47.54-48.60)   
Left chair sit and reach (p-value = 0.058) Mean = 2.06 cm Mean = 10.84 cm EG

(–3.33 - (–)5.39) (3.56- (–)7.28)   
Right handgrip strength (p-value = 0.053) Mean = 5.29 kg Mean = 7.76 kg EG

(24.25-18.96) (24.76-17.00)
1 mile walk test (p-value = 0.011) Mean = –0.90 min Mean = –1.98 min EG

(17.57-18.47) (14.93-16.91)  

Table IV: Functional parameters – between groups
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Comparing the two groups post-intervention, right lateral
flexion deteriorated for both groups, but significantly less so
for the EG. Significant improvements were found in favour
of the EG for left lateral flexion, chair sit and reach left,
handgrip strength right and the 1 mile walk test (Table IV
and Graph 1).

Functional parameters – within groups
The CG showed significant improvements for knee exten-
sion; however, hip extension and lateral flexion declined
significantly from baseline to end of study. (Table Va and
Graph 2a). 

The strength parameters, including hand grip, leg
strength, arm curls and sit to stand test also improved sig-
nificantly from baseline to study completion in the CG
(Table Vb and Graph 2b).

Within the EG the following flexibility parameters
improved significantly post-intervention: knee flexion
left, knee extension, hip flexion right, chair sit and reach
and scratch test; however, as for the CG, hip extension
declined significantly (Table VIa and Graph 3a).

The strength parameters that improved were hand grip,
leg strength, arm curl test and sit to stand test (Table VIb
and Graph 3b). 

Both aerobic parameters i.e. the 1 mile walk test and the
VO2maxRelative, also improved significantly from base-
line to end of study in the EG (Table VIc and Graph 3c).

Disease activity parameters – 
between groups
The CG and EG did not differ at baseline with regard to
their VAS, HAQ and DAS28(4) measurements. At com-
pletion of the study however, the EG improved signifi-
cantly more than the CG with respect to DAS scores,
while the CG rated themselves significantly better than
the EG group did according to the HAQ (Table VII and
Graph 4).

Disease activity parameters – 
within groups
The CG had significant improvements in the HAQ and
VAS. The EG improved significantly in the DAS28(4)
and VAS (Table VIII and Graph 5).

Graph 1: Functional parameters – 
post-intervention between groups 

Baseline End of study Difference Outcome 
Right knee extension (p-value = 0.05) Mean = –4.13° Mean = –1.63° 2.50° Improved  
Left knee extension (p-value = 0.013) Mean = –5.63° Mean = –2.13° 3.50° Improved  
Right hip extension (p-value = 0.046) Mean = –21.25° Mean = –17.88° 3.38° Deteriorated  
Right lateral flexion (p-value = 0.009) Mean = 50.35 cm Mean = 53.23 cm 2.88 cm Deteriorated  
Left lateral flexion (p-value = 0.018) Mean = 51.96 cm Mean = 53.80 cm 1.84 cm Deteriorated

Table Va: Functional parameters – flexibility variables within CG

Baseline End of study Difference Outcome
Right hand grip (p-value = 0.006) Mean = 18.96 kg Mean = 24.25 kg 5.29 kg Improved
Left hand grip (p-value = 0.009) Mean = 16.93 kg Mean = 22.59 kg 5.66 kg Improved
Leg strength (p-value = 0.04) Mean = 58.49 kg Mean = 68.19 kg 9.7 kg Improved
Arm curls (p-value = 0.006) Mean = 53.26 s Mean = 33.17 s –20.08 s Improved  
Sit to stand test (p-value = 0.009) Mean = 64.29 s Mean = 41.92 s –22.37 s Improved  

Table Vb: Functional parameters – strength variables within CG

Within the EG the flexibility parameters improved 
significantly post-intervention
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Graph 2a: Functional parameters – 
within groups for CG: flexibility variables

Graph 2b: Functional parameters – 
within groups for CG: strength variables

Baseline End of study Difference Outcome 
Left knee flexion (p-value = 0.026) Mean = 138.74° Mean = 142.26° 3.53° Improved  
Right knee extension (p-value = 0.011) Mean = –2.74° Mean = –0.63° 2.11° Improved  
Left knee extension (p-value = 0.009) Mean = –3.42° Mean = –1.37° 2.05° Improved  
Right hip flexion (p-value = 0.06) Mean = 71.47° Mean = 75.11° 3.63° Improved  
Right hip extension (p-value = 0.06) Mean = –12.95° Mean = –8.37° 4.58° Deteriorated 
Left hip extension (p-value = 0.04) Mean = –11.21° Mean = –5.84° 5.37° Deteriorated  
Right chair sit and reach (p-value = 0.011) Mean = –6.38 cm Mean = 0.37 cm 6.76 cm Improved  
Left chair sit and reach (p-value < 0.001) Mean = –7.27 cm Mean = 3.56 cm 10.83 cm Improved  
Right scratch test (p-value = 0.007) Mean = –4.76 cm Mean = –0.25 cm 4.51 cm Improved  
Left scratch test (p-value = 0.01) Mean = –8.48 cm Mean = –4.97 cm 3.51 cm Improved  

Table VIa: Functional parameters - flexibility variables within EG

Baseline End of study Difference Outcome 
Right hand grip (p-value < 0.001) Mean = 16.99 kg Mean = 24.76 kg 7.76 kg Improved  
Left hand grip (p-value < 0.001) Mean = 16.56 kg Mean = 22.53 kg 5.97 kg Improved  
Leg strength (p-value = 0.003) Mean = 49.42 kg Mean = 61.63 kg 12.21 kg Improved  
Arm curls (p-value < 0.001) Mean = 51.54 s Mean = 31.06 s –20.48 s Improved  
Sit to stand test (p-value < 0.001) Mean = 65.37 s Mean = 36.88 s –28.49 s Improved  

Table VIb: Functional parameters - strength variables within EG

Baseline End of study Difference Outcome 
1 mile walk test (p-value < 0.001) Mean = 16.90 min Mean = 14.93 min –1.97 min Improved  
VO2 max Relative (p-value = 0.01) Mean = 29.02 Mean = 30.83 1.80 Improved 

ml/kg/min ml/kg/min ml/kg/min 

Table VIc: Functional parameters - aerobic variables within EG
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Discussion
The results of this study, with a compliance rate of 77%,
indicated significant improvements for flexibility,
strength and aerobic capacity measured after a 12-week
aerobic exercise intervention. Previous research indicates
that exercise compliance for RA patients are on average
between 50% and 95% depending on accessibility of the
exercise, intensity, duration, cost, and comfort involved
for the patient.21 RA is the second-most common joint dis-
ease, causing various physical impairments either as
result of the disease or due to inactivity.5,8 Patients with
RA are hesitant to get involved in any form of exercise
because of fear of pain and disability. These fears are
unfounded as research has shown that regular and con-
trolled exercise for those whose disease is under control
decreases joint pain and stiffness and improves joint
mobility, strength and aerobic capacity without exacer-
bating pain or disease activity in persons with RA.3,21,22

The flexibility findings of this study support the findings
of previous studies done on patients with RA.13,23,24 The
results showed significant improvements in flexibility of
all the major joints for the EG whereas the flexibility of
the CG remained relatively unchanged for the duration of
the study. 

Strength improved for both the CG and EG, even though
the control group did not participate in a training pro-
gramme. This is not an uncommon occurrence as a study
by Bykerk and Keystone, showed similar results.25

According to Häkkinen, the improvements in the CG can
be explained by the learning effects of repeated physical
testing and variation in symptoms.10
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Graph 3b: Functional parameters – within
groups for EG: strength variables

Graph 3c: Functional parameters – within
groups for EG: aerobic variables

Graph 3a: Functional parameters – 
within groups for EG: flexibility variables*
* Left knee flexion and right hip flexion have been scaled by a
factor 10 to facilitate the clustered plot on one set of axes

Research has shown that regular and controlled 
exercise for those whose disease is under control
decreases joint pain and stiffness and improves 

joint mobility, strength and aerobic capacity
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The EG’s strength improved by an average of 
33% compared to the 27% improvement in the CG,
indicating that the exercise intervention did have a

positive effect on the patients’ strength

The EG’s strength improved by an average of 33% com-
pared to the 27% improvement in the CG, indicating that
the exercise intervention did have a positive effect on the
patients’ strength. The average improvements in the EG
for hand grip strength, leg strength, arm curl test and sit to
stand test respectively were 29%, 20%, 40% and 44%.
These results are in agreement with studies done by Van
den Ende et al., Häkkinen et al. and Stenstrom that sim-
ilarly showed improvements in muscle strength ranging
between 16% and 35%.13,24,26

Exercise programmes with the specific purpose of
improving aerobic fitness have attracted only minimal
attention in this population. Previous studies on the effect
of aerobic exercise in RA patients made use of cycling,
aquatics or aerobic dance.22,24,26 Studies done by Iversen et
al, Minor et al, and Van den Ende et al showed significant
improvements in aerobic capacity (20%) following 12
weeks of dynamic exercise of medium to high intensi-
ties.6,23,24 In keeping with these studies our results showed
an average improvement of 14% in VO2max and 12% in

Graph 4: Disease activity parameters – 
post-intervention between groups

Graph 5: Disease activity parameters – 
within groups*
* VAS has been scaled by a factor 10 to facilitate the clustered
plot on one set of axes

Baseline End of study Difference Outcome 
CG
HAQ (p-value = 0.032) Mean = 0.56 Mean = 0.36 –0.20 Improved  
VAS (p-value = 0.029) Mean = 44.38 Mean = 31 –13.38 Improved  
EG
DAS (p-value < 0.001) Mean = 3.29 Mean = 2.51 –0.78 Improved  
VAS (p-value = 0.031) Mean = 46.05 Mean = 35.58 –10.47 Improved  

Table VIII: Disease activity parameters – within groups

CG EG Group 
favoured 

DAS Mean = –0.25 Mean = –0.78 EG
(p-value = 0.072) (3.1-3.35) (2.51-3.29)   
HAQ Mean = –0.20 Mean = –0.16 CG
(p-value = 0.082) (0.36-0.56) (0.32-0.48)
* Differences between post-intervention and baseline measurements

Table VII: Disease activity parameters – between groups*
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1 mile walk time in the EG, confirming that the interven-
tion was successful in improving aerobic fitness. In con-
trast to these improvements, the CG showed a decrease in
aerobic capacity of 30% over the same time period. 

Results on the activities of daily living (HAQ) are diffi-
cult to explain, but are similar to previous publications.
The improvement of disease activity is also in support of
some previous studies.11-13,15,16 Although the EG had
marked improvement in their fitness parameters and dis-
ease activity scores, they did not improve significantly in
their own assessment of activities of daily living. This
might be because the inclusion criteria stipulated con-
trolled disease and stable medication when the study
started (HAQ scores were already low).

With improvements in flexibility, strength and aerobic
fitness it can thus be concluded that the EG’s functional
capacity and disease activity improved as a result of a rel-
atively short but well-controlled endurance exercise pro-
gramme of 12 weeks. In agreement with Christie et al.
exercise therapy should be considered the cornerstone of
the multidisciplinary treatment approach of stable grade 1
or 2 RA.3

Although this study demonstrated that endurance exer-
cise improves function and disease activity in RA
patients, future research on the effect of exercise in
female RA patients should aim for a larger study sample
and a more individualised exercise programme in an
attempt to decrease the SD between and within the groups
for the tested parameters. Additionally the duration of
intervention could be increased as very few studies lasted
longer than 12 weeks thus the long-term effects of exer-
cise on RA patients are not well known.22 The long-term
influence of an exercise programme after cessation of the
intervention will also be informative.

No benefits of any form have been received from a com-
mercial party related directly or indirectly to the subject
of this article.
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The following are internationally acknowledged criteria for authors/co-authors.
With the increase in faculty and in research projects, there is a potential for increased confusion and conflict regarding appro-
priate authorship credit on manuscripts and presentations. The following are some relatively standardised criteria that can be
helpful. These may be overstrict when considering clinical studies in which surgeons often do the “hands on work” that cre-
ate the study but may not perform major analysis and writing functions. However, all authors should read and contribute edit-
ing comments prior to submission.

Relman criteria for authorship
In particular, to qualify as an author a person should fulfil at least three of the following five requirements:

1. Conception of idea and design of experiment
2. Actual execution of experiment; hands on lab work
3. Analysis and interpretation of data
4. Actual writing of manuscript
5. Be able to present to a learned gathering a lecture on the work; interpret it, defend it and take responsibility for it.

These are just guidelines. On the other hand it is probably far worse to leave someone off the list who feels they may have
contributed than to include someone who did a bit less.

We should all be as inclusive as possible, offer our interested colleagues opportunity to provide input, analysis and editing of
our works to support each other and make our papers better.

Criteria for authorship of articles
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