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Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory disease characterised by
polyarthritis and erosive synovitis and is associated with progressive impairments
and activity limitations.1, 2 The prevalence in the Dutch adult population is
approximately 1% and women have a three times higher risk of developing RA3.
Although most of the symptoms of RA are located in the joints it also produces
general symptoms such as fatigue4. In the literature, a consensus definition for
fatigue is not presented. Often fatigue is defined as the enduring, subjective
sensation of generalized tiredness or exhaustion and a decreased capacity for
physical and mental work4. In RA-related research fatigue is described as a
multicausal, multidimensional and complex concept in which psychological,
biochemical and physiological mechanisms play a role4-6. Depending on the definition
it is estimated that 42 – 93% of individuals with RA experience fatigue7. Individuals
with RA experience higher levels of fatigue compared to the general population and
fatigue predicts decreased vitality and loss of physical and social functioning3.
Experiencing fatigue may have a negative impact on physical activity and exercise
because there is less energy to expend4. Duration and intensity of activities may be
reduced and motivation to plan a next exercise session decreased. This, in turn, can
lead to a cycle of deconditioning that results in loss of physical fitness and a higher
level of exertion when conducting activities of daily living8. Exercise restrictions,
traditionally given to patients with RA because of concerns about aggravating joint
inflammation and accelerating joint damage, may have led to inadequate levels of
physical activity and deconditioning9. It is therefore possible that fatigue is part of the
deconditioning cycle and not so much a predictor of physical fitness. The American
College of Rheumatology (ACR) now recommends regular participation in dynamic
exercise programs10. Research concerning PA focuses mainly on regular exercise1113

and states that persons with RA do not exercise and are therefore inactive. Little is

known about the level of daily physical activity (PA) among persons with RA.
Since the general guideline to maintain health only recommends moderate-intensity
PA of at least 30 minutes, on 5 days a week11, 14. The term physical activity is
broader than exercise and it is interesting whether individuals with RA are less
physically active and experience a decreased aerobe capacity.
The aim of this review was to compare the daily PA level and aerobe capacity of
persons with RA with those of a healthy reference population.
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Materials and Methods
Literature Search
Electronic databases Medline, Cinahl, Embase, Cochrane and PsycINFO were
systematically searched up to October 2008 using the following Mesh terms and text
words: (motor activity OR leisure activities OR human activities OR activities of daily
living OR aerobic capacity OR energy expenditure) AND rheumatoid arthritis AND
healthy, to find studies comparing patients with RA to healthy persons. In order to
limit results to adults, the restriction NOT (child OR adolescent) was added.
Reference lists from included studies were searched manually for additional relevant
studies. The full search strategy is available on request from the corresponding
author.

Inclusion criteria
Studies were included for review when following criteria were met.
•

the target population consisted of adults with RA (18 years and older)

•

physical activity, energy expenditure or aerobic capacity were outcome measures

•

at baseline the outcome measures were compared to those of healthy controls
and values and measures of variability were described

Exclusion criteria
• single case reports
• studies describing a direct post operative situation
• studies written in any language other than English, German or Dutch
Definitions
The term ‘physical activity’ is defined as: “Any bodily movement produced by skeletal
muscles that results in a substantial energy expenditure”15.
‘Energy expenditure’ is defined as energy expended during physical activity and
measured in calories or joules per unit of time16.
Aerobe capacity is defined as the ability to deliver oxygen to the exercising muscles
and to utilize it to generate energy during exercise and therefore depends on the
pulmonary, cardiovascular and haematological components of oxygen delivery and
the oxidative mechanisms of the exercising muscle. Maximal oxygen uptake
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(VO2max) is the highest amount of oxygen consumed during maximal exercise in
activities that require the use the large muscle groups in the legs, or arms and legs
combined16 and is recognized as the best single measure of adults’ aerobic fitness.
Using the above mentioned criteria, a researcher (TM) reviewed the titles of articles
in the search printouts from the databases. Abstracts from potentially relevant studies
were red and included when all criteria were met. After full text reading articles were
finally included when all afore mentioned criteria were met. A manual search of
references from included studies was conducted to retrieve further potentially
relevant studies.

Assessing trial characteristics and outcome data
The following information was systematically extracted by reviewers TM and HW:
type of study, number of participating patients with RA, sex, age, setting, body
composition, disease duration, classification of impairment, use of medicines and
outcome measures.
Based on consensus extracted data were included in the review.

Quality assessment of studies
Although a commonly accepted valid rating instrument concerning the quality
assessment of observational studies does not yet exist, there appears to be
consensus about important items17-19. This review focuses on differences between
persons with RA and healthy controls in PA in daily routine. In the case of
intervention studies a comparison of patients and controls at baseline was used. This
results in the following assessment items: selection of patients and controls, sample
size calculation, adjustment for confounding, blinding of assessors and use of
statistical analysis.

Results
The literature search yielded 148 studies, from which nine double hits were excluded.
Another 47 studies were excluded based on the title. The abstracts of 92 studies
were assessed, of these 92 studies 79 studies were excluded because they did not
met the inclusion criteria. Finally 13 studies were retrieved for full text reading, which
resulted in the exclusion of another article because no data concerning afore
mentioned outcome measures was given. References tracking of the included
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studies did not yield new studies. Finally 12 studies were included. Results of the
literature search and reasons for exclusion are depicted in Figure 1.

Quality assessment
The included studies were all observational studies: ten cross-sectional studies, and
two cohort studies. Six studies included small groups of patients20-25 in which sample
size varied from 8 to 35 patients, the other six studies26-31 included larger samples,
sample size ranged from 67 to 232 patients.
In only seven studies20, 22-25, 28, 29 samples of patients and controls were of equal size,
in the remaining 5 studies group sizes differed significantly21, 26, 27, 30, 31. The majority
of the patients were recruited from rheumatology or arthritis clinics, once from a
rehabilitation centre22 and in two cases26, 27 the recruitment method was unclear.
Concerning the recruitment of controls no information was available in six of the
studies20, 22-25, 27. Four times healthy persons living in the same area were used20, 26,
28, 29

, once healthy relatives acted as controls30 and one study used information from

the general Dutch population as a reference group31.
Information about matching of patients and controls was reported in nine studies 20-22,
24-28, 30

. Different combinations of the following factors were used: race24, 25, age20-22,

24-26, 28

, gender20, 22, 24, 26, 28 and body composition20, 24, 25. Once groups were matched

on genetic and ethnic values30 and once controls were included to contrast with
patients in terms of level of PA and body composition27. Having a sedentary lifestyle
was also a criterion to match patients and controls in three20, 22, 23 of the five studies2023, 26

investigating aerobe capacity, whereas one study21 included physically active

patients and controls.
Three studies mentioned conducting sample size calculations22, 25, 31. Sample sizes
were inadequate with regard to statistical analysis in two cases22, 31 and in the third
study25 adequacy of the sample size was not mentioned. None of the studies
mentioned blinding of assessors and six studies20, 22-25, 30 reported that data were
tested for the assumptions for parametric statistical tests or justified the use of nonparametric tests.

Patient characteristics
All patients met ACR criteria for RA32 and were classified into Functional Class I – IV
(mild to severe impairment)33. In two studies patients were classified as Functional
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Class II22, 26, in five studies patients with different levels of Functional Class (FC)
were combined in the study population20, 21, 23, 24, 30 while no information on level of
impairment was given in the remaining five studies25, 27-29, 31.

Initial search in databases
n = 148
Title rejected
n = 56
Double hit
Title

9
47
Abstract selection
n = 92

Abstracts rejected
n = 79
No healthy controls
No data on outcome
Language

47
26
1

Retrieved for full text review
n =18
Articles excluded
n=6
No data on outcome

Bibliography search
n=0

6

Included in literature synthesis
n =12

Fig.1. Summary flow chart of article selection process

Most studies predominantly used female participants, with percentages ranging from
62,5% to 88,6%. In three studies only women were included21, 25, 30 and in one study
gender of participants was unknown22. The mean age of patients ranged from 38.1
years to 62.6 years. The use of anti rheumatic drugs and analgesics was described in
eight studies21-26, 29, 30. In the six studies20, 22, 23, 25, 29, 30 patients were excluded
because of severe cardiac and pulmonary diseases20, or because they used a
walking aid25.
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In three studies22, 29, 30 participants with co morbidity other than cardio-pulmonary
disease were excluded. One study used a body mass index above 30 as an
exclusion criterium23 and participants who exercised regularly were also excluded
once25. Characteristics of patients and controls, disease parameters and results on
energy expenditure and physical activity are presented in Table 1. Characteristics of
patients and controls, disease parameters and results on aerobe capacity are
presented in Table 2.

Energy expenditure in physical activity
EEPA can be calculated using the following equation: EEPA =TEE − REE –TEF,
wherein TEF stands for the thermal effect of food16. Three studies that measured
resting energy expenditure (REE), by indirect calorimetry, described similar values of
REE in patients with RA and their healthy controls23-25, even when results were
adjusted for body cell mass and weight25. However when results were adjusted for
percentage body fat, REE was higher in persons with RA compared to controls23, 24.
To calculate energy expenditure in physical activity (EEPA) total energy (TEE)
consumption was measured, using the doubly labelled water technique (DLW) in one
study25. In the same trial energy expenditure in PA was estimated using a PA
questionnaire and with a physical activity monitor. Using al three forms of
measurement EEPA was found to be significantly lower in persons with RA
compared to controls. Results from the calculated EEPA correlated with results
obtained with the physical activity monitor (r = 0.37) but not with the PA
questionnaire, however.

Physical activity level
Six studies24, 27-31 used questionnaires to assess physical activity level. Physical
activity in patients with RA was assessed by measuring different intensity levels, time
spent on PA or questionnaires were used to calculate EEPA.
Classifying PA based on levels of intensity was done in two studies27, 30. Using a
modified Physical Activity Scale to quantify PA undertaken during a normal week,
patients with RA were found to be less engaged in moderate or intense recreational
activities or sports27. When levels of PA were classified into levels of activity
(sedentarism, mild, moderate or intense activities)30, patients participated on a lower
intensity level compared to a reference group. The patients did not engage in regular
10/40

exercise and were identified to be 15% more sedentary compared to controls.
Information concerning the used instrument remained unclear.
Measuring hours per day spent in light, moderate or vigorous forms of PA was done
using a Paffenbarger questionnaire24. Physical activity was assessed as time spent
on leisure activities such as walking, stair climbing and sport and converted into
energy spent per week. In another study28 time spent on PA was recorded during
one week using an occupation log consisting of 10 different activities collapsed into 3
categories: work, activities of daily living (ADL) and leisure. Finally the Short
Questionnaire to Assess Health Enhancing PA (SQUASH) was used to estimate time
spent on light, moderate and vigorous activities in a period of seven days31. Physical
activity is categorised as commuting activities, leisure time activities, household
activities, and activities at work and school. Results showed that the proportion of
patients with RA meeting the public health recommendation for PA equals that of the
general public (58%), nevertheless younger patients (45 – 65 years) were less active
in all categories than controls. Older patients (> 65 years) showed only a significant
difference in moderate PA compared to the reference group31.
Contrary to the previous statement other results showed that patients with RA spent
an equal amount of time on PA compared to controls24, 28. However, patients spent
more time on light activities24 and if PA was categorized as ADL, leisure and work,
patients spent more time on ADL while spending less on work28.
Modified versions of the Paffenbarger Physical Activity Questionnaire (PPAQ) were
used in two trials25, 29 to calculate energy expenditure in PA. Though similar
proportions of patients and controls met recommended minimum levels of energy
expenditure, patients with RA expended less energy in PA (24.7%), mainly due to
walking less (33.7%)29. Roubenoff et al.25 found comparable amounts of mean
decreased energy expenditure on PA in patients with RA (30.5%). Both studies gave
no information on the way the questionnaire was modified and the consequences for
PA assessment.
Aerobe capacity
Aerobe capacity was examined in five studies. Two studies used a maximal treadmill
test20, 22. A maximal bicycle test was used in two studies21, 23 and one study used a
sub-maximal bicycle test26.
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The first study used an increasing-load protocol to measured VO2 at every stage of
the treadmill test20. The protocol was continued until predicted maximal heart rate
was reached (220 b/min – age). The second study22 used the ‘Bruce’ increasing-load
protocol to measure aerobic capacity in a treadmill test. Aerobic capacity was defined
as VO2peak. Ten minutes after reaching anaerobic threshold all participants were
stopped and VO2 was measured. Both studies measured oxygen uptake using the
breath-by-breath method. In both cases no significant differences in aerobe capacity
between patients and controls were detected.
The first study20 compared patients and controls at the end of the last stage to
determine VO2max. However, 50%, 60% and 100% of patients of FC I, II and III
respectively, dropped out before reaching the final stage of the test.
Energy expenditure at sub-maximal levels was higher in patients of FC II than in the
control group, a difference that was not found when comparing patients of FC I with
the control group. No statistical test was applied to detect differences between FC III
and controls due to the small number of patients of FC III.
Both studies21, 23 that conducted maximal bicycIe tests used an increasing-load
protocol. In the first study21 the test was continued until voluntary exhaustion,
however, no definition of VO2max was given. In the other study23 VO2max was
defined as reaching one of the following three criteria: O2 plateau, respiratory
exchange ratio > 1.0, or heart rate within 10% of expected goal. In the study of
Hakkinen et al.21 patients with early RA (mean disease duration 2.9 years) or longterm RA (mean disease duration 14.5 years) were compared with healthy peers. At
the end of the test mean maximal heart rate of participants fell within 5% of predicted
maximal heart rate and no significant differences between VO2 max of early RA, longterm RA or control group were found.
In the study by Rall et al.23 patients with RA (mean age 41.8 years) were compared
to groups of young and elderly controls. Persons with RA had a lower mean VO2max
compared to the young controls (mean age 25.8 years). Whereas aerobic capacity of
patients and elderly controls (mean age 69,5 years) did not differ significantly.
Finally, aerobic capacity was predicted using an Åstrand protocol during a bicycle
test26.
Participants were divided in two categories (younger and older than 54 years) and
bicycle test results were compared between males or females with RA and healthy
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controls. Persons with RA had lower aerobic capacity compared to healthy control
groups. Females had lower VO2max than males and VO2max decreased with age in
all participants.

Discussion
The aim of this review was to explore whether individuals with RA are less physically
active and experience a decreased aerobe capacity, compared to healthy peers.
Few studies were available that compared daily PA between persons with RA and
healthy control groups. Studies exploring aerobe capacity of persons with RA and
healthy controls were even more scarce.
Evidence that daily PA is lower in persons with RA compared to healthy controls is
subjective, due to heterogeneity in assessment methods and methodological issues.
Only one study25 used doubly labelled water, the objective measure, to assess PA.
The questionnaires used in the other studies all assess PA differently. Information on
actual level of PA may be incomplete and results of studies are not comparable.
Questionnaires used in these studies are developed for use in healthy populations
and consequences for the results are unknown.
Evidence that aerobe capacity is reduced in persons with RA compared to healthy
controls is inconclusive. Four studies investigating aerobe capacity with a maximal
exercise test detected no significant difference between VO2max of patient and
controls. This may be due to methodological issues, such as small sample sizes34 or
definition of VO2max.
Reference groups differed between studies and the choice of the reference group
may also have influenced the observed differences. Except for the study of Tourinho
et al.30 who used relatives, controls were volunteers who were matched with the RA
group on limited factors such as age, gender or BMI. Little or no information was
given concerning employment, behavioural factors or attitudes influencing PA and
aerobe capacity. Five studies used unequal sample sizes for patients and controls,
this may have compromised matching34.
The reviewed studies included persons with different lifestyles and some studies
included patients and controls with different lifestyles. No clear definitions were given
of “physically active” or “sedentary lifestyle”. Finally, the amount of information that
was equally described in studies was limited. Therefore comparing results was only
possible on age and gender.
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Physical activity level
The best reference method to estimate energy expenditure in humans during daily
life is the doubly labelled water method (DLW)35. Roubenoff et al.25 combined the
use of DLW and a questionnaire to calculate energy expenditure in PA. Energy
expenditure in PA and the physical activity level, defined as total energy expenditure
divided by resting, was lower in patients than controls. However, the energy
expenditure of patients in this study was comparable to that of healthy peers1.
Healthy controls seemed more active rather than patients being inactive.
When results of DLW and the questionnaire were compared, results did not correlate.
This might demonstrate that the questionnaire does not accurately reflect energy
expenditure in PA. Questionnaires using a standard intensity categorization of PA
might underestimate energy expenditure of patients with RA. These questionnaires
assess energy expenditure based on metabolic equivalent values (MET) defined by a
compendium of PA and are developed for use in a healthy population. Patients in the
trial of de Caravalho et al20. expended significantly more energy than healthy
controls, up to 17,9% especially at walking speeds (3-5 km/h)20. Therefore a
diminished energy expenditure of 24% found by Mancuso et al.29, mainly caused by
less walking may be inaccurate29.
Some researchers suggest that one third of persons with RA experience cachexie24,
36

, defined as a loss of muscle mass combined with higher fat mass and higher REE.

Matching persons with RA and healthy controls on BMI and comparing energy
expenditure based on METs may therefore lead to a biased result.
McKinnon et al28 found that patients were 20% less physically active. The difference
was caused by less time spent on work. This may be due to the fact that patients
were less employed compared to healthy controls: 43% - 86%28. Tourinho et al.
reported similar differences: 17.3% - 96.7%30. These results are similar to that from a
review of Geuskens et al.37. They stated that patients with RA are at risk to become
unemployed with increasing age and disease duration. Three studies gave no
information on employment status of participants24, 25, 31. It is possible however that
differences in PA level found in these studies were mainly caused by differences in
the degree of employment of patients and controls. Mean age of patients was 50, 47
and 62.6 years24, 25, 31, respectively and they all had long-time RA. Due to lack of
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information It remains unclear if unemployment was caused by RA and responsible
for diminished levels of PA. When PA level of persons with RA was compared to data
from the Dutch population patients were less active. However, employed patients and
controls showed comparable levels of PA (2577 min/wk vs 2433 min/wk)31.
Mancuso et al.29 included only patients and controls who were employed at the start
of the trial. Still they found a mean difference in energy expenditure in patients and
controls of 24.7%. In this study the Paffenberger Index was used to assess PA.
Walking, stair climbing and sport are converted in expended energy per week.
Differences in results compared to other studies may have occurred because time
spent at work is not specifically assessed in this scale.
Physical activity is both a behavioural characteristic and a physiological attribute.
Behavioural factors that predict higher levels of PA in a healthy population are: higher
self-efficacy in the ability to participate in PA, a stronger belief in the benefits of PA
and greater social support to participate in PA12. Research shows that combined with
attitudes toward the disease the same factors apply to patients with RA12, 38. In the
study of Ekdahl et al.26 patients with RA had a lower aerobe capacity and were less
active than healthy controls. Results highly correlated with participants attitude to the
importance of exercise. These findings are also supported by Eurenius et al.11 who
detected only a low correlation between self reported level of PA and aerobe capacity
and suggested that behavioural factors should be included in research.
These factors should be clearly described to enhance comparability. For instance,
Ekdahl et al.26 and Hakkinen at al.21 both included physically active controls. The
controls ( < 54 years) in the first study had a higher mean value of VO2max (31,7
ml/kg/min) compared to controls (mean age 41 years) in the second study (24,8
ml/kg/min). It is possible this was due to differences in activity levels.
Aerobe capacity
Using maximal tests no significant differences in aerobe capacity were detected
between persons with RA and healthy peers, this may be due to small sample
sizes34. Two studies used sedentary persons as controls20, 22. Kurtais et al.22 did not
define sedentary, whereas de Carvalho et al.20 defined sedentary as non-exercising.
Hakkinen et al.21 included physically active women, who exercised 3 – 4 hours /
week. Still values of VO2max were comparable in all studies. The small samples
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combined with large heterogeneity of participants in age and possibly in lifestyle may
have compromised the power of the studies34.
Test results may also be biased because it is unclear whether participants reached
maximal heart rate (max HR). Maximal HR of patients in the study of de Carvalho
was significantly lower compared to controls and just reached 90% of predicted max
HR. Participants in the study by Kurtais22 were all stopped 10 minutes after reaching
the anaerobic threshold. Although not statistically significant, mean max HR of
patients was lower than of controls and did not reach 90% of predicted max HR.
Maximal HR remained lower in patients with long-time RA (LRA) compared to
persons with early RA (ERA) and controls21. Maximal HR was within 10% of
predicted max HR in all groups. Fitness level of patients and controls could be
regarded as fair, compared to normative data16.
When aerobe capacity was predicted by conducting a sub-maximal bicycle test26
patients VO2max was decreased compared to controls. At baseline controls were
more active and exercised more frequently compared to persons with RA. Results
may be biased because sub-maximal tests of less fit people tend to underestimate
observed values16. Minor et al39, 40 also showed that the correlation of predicted
VO2max and measured VO2max diminished from 0.96 to 0.77 when a sub-maximal
treadmill test, validated for use in a healthy population, was used for testing patients
with RA.

The reviewed studies included patients according to functional class. In most cases
the sample consisted of a mixed group20-23. In the study that described results for
separate functional classes20, VO2max decreased from FCI to FCIII and sub-maximal
energy expenditure was higher in FCII and FCIII compared to FCI and controls.
Participants in FCII and FCIII experienced a higher level of disability compared to FCI
and healthy controls which is in accordance with the revised functional class
criteria33. When aerobe capacity of persons with ERA and LRA was compared,
persons with LRA experienced more disability21. Aerobe capacity in persons with
ERA tended to be higher than persons with LRA and controls. In this study patients in
FCI and FCII were included. Although no information was available it is plausible that,
since people with LRA experienced more disability, more persons in FCII were
allocated in de LRA group.
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This literature review has certain limitations. Although a literature search was
conducted in multiple databases and reference tracking performed, only studies
written in English, German or Dutch were included. Literature published in journals
not indexed in electronic databases was not included, this may have led to biased
results41. Tricco et al41. state that it still has to be explored if having two people
independently screen potentially relevant material, as is usual in conducting an
systematic review, does in fact decrease bias. Still, bias may have occurred in the
process of including studies in this review since it was done by one researcher.

Conclusion
Persons with RA are less engaged in regular exercise and intense leisure activities.
Due to heterogeneity in used instruments to assess physical activity and sampling
issues such as employment status it is not possible to conclude that daily physical
activity is lower in persons with RA compared to healthy controls. Unemployment
seems to contribute to diminished activity level, future research on physical activity
should incorporate employment status and the correlation with RA.
The results of this review do not support the conclusion that persons with RA have a
decreased aerobic capacity compared to healthy controls. When results are
compared to sex and age related normative data, both patients and controls have an
aerobic capacity below average. This may reflect the fact that inactivity is present in
half the general population. Research should take into account behavioural factors
that relate to PA and determine if there is a unique relation to RA.
A higher functional class seems to be related to higher sub-maximal energy
expenditure and lower levels of PA and aerobe capacity. Future research should
differentiate between patients of different functional classes to explore consequences
of these differences.
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Table 1: Studies comparing level of physical activity in RA patients and a healthy reference population
Patients with RA
study
n
Reference
Setting
Age
Body
Disease
(% F)
population
[range]
Compostion
duration
n (%F)
v d Berg
232
6,428,441
Hospital
62.6 (9.2)
?
?
2007*
(71.1%)
(53%)
based
45-64 jr: 58%
GP records

Impairment
(FC I-IV)
?

> 65 jr: 42%

Physical activity RA patiënts versus reference population
p: significant difference
Light: 1297±1009 min/wk / 1495 min/wk
Moderate: 369±543 min.wk / 517 min/wk
Vigorous: 170±257 min/wk / 187 min/wk

p=0.01
p=0.01
p=0.01

Light: 634±795 min/wk / 618 min/wk
Moderate: 231±244 min/wk /304 min/wk
Vigorous: 250±417 min/wk / 296 min/wk

p=0.01

p<0.001

Lemney♦
2001

73
(63.0%)

28
(57%)
?

?

52.9 (12.9)

Fat
36.6 (12.8) %
p<0.001

?

?

Physical Activity Scale (0-7) 0.8±0.7 / 5.4±1.7

Mancuso
2007

121
(84%)

120
(91%)
Personnel
hospital

Hospital
based

49
[19-72]

?

14
(10)

?

Walking: 692±610 kcal/w / 1.044±1260 kcal/w
p=0.002
Stair climbing: 184±212 kcal/w / 185±262 kcal/w
Exercise: 599±848 kcal/w / controls: 729±1210 kcal/w

MacKinnon
♥ 2003

143
(74.8%)

142
(72.5%)
area
residence

Rheumatology
clinic

49.7
(11.2)

?

?

?

Work 37.1±19.6 h/wk / 46.5±17.2 h/wk
ADL 89.0±15.3 h/wk / 81.1±11.5 h/wk
Leisure 38.4±15.4 h/wk / 37.9±15.6 h/wk

p<0.05
p<0.05

Roubenoff♣
2002

20
(100%)

20
(100%)
?

Arthritis
center

47
(14)

BMI
25.3
(4.5)

7.7
(6.5)

EEPA 2849±1075 kJ/d / 3883±1732 kJ/d

p<0.04

PA questionnaire 2188±1075 kJ/d / 3150±1611 kJ/d
PA activity monitor 1264±992 kJ/d / 2280±1469 kJ/d

p<0.04
p<0.04

29
(100)
sisters /
cousins

Rheumatology
clinic

1.57 (0.14) m
62.68 (12.56) kg

30
(7,3)

Sedentarism 17.3 % / 3.4%
Mild 57.7% / 35%
Moderate 25% / 65%
Intense 0% / 0%
No exercise in leisure time 74% / 66.7%

p=0.004

Tourinho♠
2007

Roubenoff◊
1994

71
(100)

23
(82.6)

23
(82.6)
?

Rheumatology
clinic

38.10
(6.62)

50
(15)

Body cell mass
22.5 (4.3) kg
p< 0.000

12.3±8.4 jr

FCI
FCII

FC I: 70%

FC I (n=5)
Vigorous 0.1±0.2 h/d / 1.5±1.5 h/d
FC II (n=10)
Moderate 4.0±3.2 h/d / 5.6±2.3 h/d
FC III/IV (n=8) Light 11.6±3.4 h/d / 9.2±3.2 h/d

p=0.004

p<0.0001
p<0.06
p<0.02

Age, body composition,disease duration and physical activity are expresed as mean±standard deviation if not expressed otherwise. n: number of participants with RA or in reference population, RA:
rheumatoid arthritis, FC: Functional Class, GP: general population, BMI: body mass index in kilogram per square meter, >: older than.
kcal/wk: kilocalory per week, min/wk: minutes per week, kJ/d: kiloJoule per day, h/d: hours per day. Controls matched on ♣: race, age, body mass index, ♠: genetic factors, ♥: age, sex, ◊: race, age,
sex, weight, ♦: controls selected to contrast on body fat, activity level, *: no information on matching
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Table 2 : Studies comparing level of aerobe capacity in RA patients and a healthy reference population
Study

n
(% F)

de Carvalho
2003♣

35
(88.6%)

MT

Ekdahl
1992♥

67
(62.7%)

SMB

Reference
Population
n (% F)
35
(?)
hospital
staff
77
(61.0%)
personnel

Setting

Age
[range]

Rheumatology
clinic

47,85
(8,29)

?

53.0
(10.2)

Patient characteristics
Body
Composition
?

Disease
duration
8

female: 164.1 (5.6) cm
female: 66.1 (11.6) kg

10.6
(7.8)

Impairment
(FC I-IV)
FCI: 40%
FCII: 51%
FCIII: 8.6%

FCII

male: 177.9 (6.8) cm
male: 75.6 (10.7 kg

Häkkinnen
2002♠
MB

Kurtais
2006♥

23
(100%)
ERA
LRA

12
(100%)
area
residence

Hospital

ERA:
41 (9)
LRA:
49 (7)

19
(100%)

15
(100%)
?

Rehabilitation
centre

48.3
(8.4)

8
(62.5%)

exercise
young : 8
(62.5%)
old: 8
(62.5%)
control
old: 6
(66.7%)

Rheumatology
clinic

RA:
41.8±12.6
exercise
young :
25.8±2.5
old :
70.3±5.0
control
old 68.8±2.9

MT

Rall
1996♦
MB

ERA: 165 (9) cm
61 (13) kg
fat: 30.4 (6.6) %
LRA: 164 (7) cm
65 (13) kg
fat: 34.3 (7.3) %
?

65.9 (15.9) kg
BMI: 25.0 (4.3)

VO2max RA patients versus reference population (ml/kg.min)
p: significant difference
FC I: 24.89 (n=7) FC II: 21.86 (n=6) / 24.28 (n=22)

female
younger than 54 jr: 22.3±6.8 / 31.7±12.1
older than 54 jr: 18.7±3.5 / 21.9±5.3
male
younger than 54 jr: 24.0±4.3 / 27.6±7.4
older than 54 jr: 18.7±4.1 / 25.1±6.1

NS

p<0.001
p<0.001
p<0.001
p<0.001

ERA:
2.9 (0.6)
LRA:
14.5 (4.5)

FCI, II

ERA: 26.7±6.8 / LRA: 23.1±6.1 / controls: 24.8±2.3

NS

128.8
(85.6)
months

FCI, II

23.7±4.9 / 26.6±6.0

NS

14.6
(12.5)

FC: 2.2 (0.8)

22.9±4.2 / young exercise group: 40.2±10.3
old exercise group: 20.7±5.0
old no exercise group: 21.7±5.7
young exercise versus other groups

p<0.001

Age, body composition, disease duration are expressed as mean (standard deviation) if not expressed otherwise, VO2max is expressed as mean ± standard deviation. Age and disease duration are expressed in
years. n: number of participants with RA or in reference population, MB: maximal bicycle test, MT: maximal treadmill test, SMB: sub-maximal bicycle test, %F: percentage females, FC: Functional Class,
GP: general population, BMI: body mass index, RA: rheumatoid arthritis, ERA: early RA, LRA: late RA, ml/kg.min: millilitre per kilogram per minute. Controls matched on ♣: sex, age, body mass index,
♠: age, ♥: age, sex,♦: no information on matching

22/40

Aerobic capacity and physical activity, predictors of fatigue in
patients with rheumatoid arthritis? A cross-sectional study
T. Munsterman, H. Wittink

05-07-2009

T. Munsterman
Student number: 3129349
MSc Physiotherapy Science
Health Sciences, Utrecht University

Supervisors:
1; H. Wittink, PhD - Hogeschool Utrecht
2; T. Takken, PhD and M. van Brussel, PhD - University Utrecht

3634 words

23/40

Samenvatting
Doel. Onderzoeken of aerobe capaciteit en fysieke activiteiten gecorreleerd zijn met
vermoeidheid bij patiënten met reumatoïde artritis, wanneer gecorrigeerd wordt voor
leeftijd, geslacht, pijn en depressie.
Methode. Vermoeidheid (Multi Assessment of Fatigue scale), ziekteactiviteit
(Disease Activity Scale 28), pijn, fysiek functioneren en psychologische status
(Arthritis Measurement Impact Scale 2), depressie en angst (Hospital Anxiety and
Depression Scale), aerobe capaciteit en fysieke activiteit (Short Questionnaire to
Asses Health enhancing physical activity) werden gemeten bij 35 individuen. Om de
variantie in vermoeidheid verklaard door aerobe capaciteit en fysieke activiteit te
meten, werd een hierarchische multiple regressie uitgevoerd.
Resultaten. De gemiddelde (SD) leeftijd van deelnemers was 51.6 (11.2) jaar en
71.4% waren vrouwen. De ziekteduur was 7 (0-27) jaar en de gemiddelde
ziekteactiviteit score was 3.7 (1.6). De gemiddelde Global Fatigue Index was 18.73
(10.0). De score voor fysiek functioneren was 1.7 (1.1), voor de Psychological status
3.2 (1.6). Pijn score was 4.1 (2.4) en de mediane score voor depressie was 2,0
(range 0-15). De totale hoeveelheid fysieke activiteit (PA) was 136.9 (72.4) METuur /
week en de VO2max was 27.7 (3.8) ml/kg/min. De variantie van vermoeidheid,
verklaard door het model was 45% (p = 0.08). Aerobe capaciteit en PA droegen hier
1.1% aan bij. De enige statistisch significante bijdrage werd veroorzaakt door
depressive: beta waarde 0.707 (p < 0,001).
Conclusie. Er werd geen relatie gevonden tussen de aerobe capaciteit, fysieke
activiteit en vermoeidheid. De veronderstelling dat het verbeteren van de aerobe
capaciteit tot afname van vermoeidheid leid, lijkt voorbarig. Toekomstig onderzoek
zou zich moeten richten op de effectiviteit van interventies die gericht zijn op het
veranderen van depressie bij patiënten met reumatoide artritis.
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Abstract
Objective. To explore whether aerobic capacity and physical activity are associated
with fatigue, when controlling for age, gender, pain and depressive symptoms in
persons with rheumatoid arthritis.
Method. Fatigue (Multi Assessment of Fatigue scale), disease activity (Disease
Activity Scale 28), pain, physical function and psychological status (Arthritis
Measurement Impact Scale 2), depression and anxiety (Hospital Anxiety and
Depression Scale), aerobic capacity and physical activity (Short Questionnaire to
Asses Health enhancing physical activity) were measured in 35 individuals. A
hierarchical multiple regression was performed exploring variance of fatigue
explained by aerobic capacity and physical activity.
Results. Mean (SD) age of participants was 51.6 (11.2) years and 71.4% were
women. Disease duration was 7 (0-27) years and mean disease activity score was
3.7 (1.6).
Mean Global Fatigue Index was 18.73 (10.0). Physical function was 1.7 (1.1) and
Psychological status 3.2 (1.6). Pain score was 4.1 (2.4) and median depression score
was 2,0 (range 0-15). Total amount of physical activity (PA) was 136.9 (72.4)
METhours / week and VO2max was 27.7 (3.8) ml/kg/min. Total variance of fatigue
explained by the model was 45% (p = 0.08). Aerobic capacity and PA added 1.1% of
explained variance in fatigue. Only depression added a statistically significant
contribution: beta value 0.707 (p < 0,001).
Conclusion. No relationship was found between aerobic capacity, physical activity
and fatigue. The assumption that increasing aerobic capacity leads to lower levels of
fatigue seems inaccurate. Future research should explore effectiveness of
interventions changing depressive symptoms in persons with RA.

Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory disease characterised by
polyarthritis and erosive synovitis and is associated with progressive impairments
and activity limitations.1, 2 The prevalence in the Dutch adult population is
approximately 1% and women have a three times higher risk of developing RA3.

25/40

Although most of the symptoms of RA are located in the joints, RA also produces
general symptoms such as fatigue4. A consensus definition for fatigue has not yet
been formulated in current literature. Often fatigue is defined as the enduring,
subjective sensation of generalized tiredness or exhaustion and a decreased
capacity for physical and mental work4. In RA-related research fatigue is described
as a multicausal, multidimensional and complex concept in which psychological,
biochemical and physiological mechanisms play a role4-6. Depending on the definition
it is estimated that 42 – 93% of individuals with RA experience fatigue7. Individuals
with RA do not only experience more frequent, but also, higher levels of fatigue
compared to the general population3.
One theory is that patients with RA experience a vicious cycle of fatigue leading to
inactivity, leading to deconditioning leading to fatigue. It is suggested that
experiencing fatigue may have a negative impact on physical activity (PA) and
exercise because there is less energy to expend4. Reduced frequency, duration and
intensity of physical activities is associated with deconditioning; loss of physical
fitness, including loss of aerobic capacity. Decreased aerobic capacity may lead to
higher levels of exertion when conducting activities of daily living8, resulting in
(premature) fatigue. Although it is generally assumed that physical activity and
aerobic capacity are decreased in patients with RA, there is little evidence available
to support this assumption1.
Information on patients’ actual level of PA is incomplete and results of studies are not
comparable, due to differences in the assessment of PA1. The few studies9-12 that
compared aerobic capacity of patients with RA and healthy controls detected no
differences in aerobic capacity. Both patients and controls demonstrated a decreased
aerobic capacity. This may reflect the fact that half the general population13, 14 is
inactive. It remains unclear if inactivity and decreased aerobic capacity are correlated
with higher levels of fatigue experienced by patients with RA compared to healthy
controls. Improving aerobic capacity may have a positive influence on fatigue3.
Several studies show a positive effect of exercise programs on fatigue15-17. It is
unclear whether this positive effect is the result of increased aerobic capacity through
exercise or caused by improving mood and psychosocial well-being7, 15, 18 and relates
to changes in depressive symptoms19.
Depressive symptoms are experienced by 15% - 23% of patients with RA20 and
correlate with pain and work status. Symptoms related to depression may express
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themselves as symptoms related to arthritis. These symptoms include fatigue,
difficulty in performing everyday activities and sleep disturbances.
Authors agree on pain and depression being important predictors of fatigue in
patients with RA3, 7, 18, 21-24. Persons with RA rate fatigue as an important symptom
interfering with their quality of life25. In order to develop RA-specific interventions to
enhance quality of life, it is important to understand the specific contribution of factors
related to fatigue.
The purpose of this study was to explore whether aerobic capacity and physical
activity are associated with fatigue, when controlling for age, gender, pain and
depressive symptoms in persons with RA.

Patients and methods
Study population
Potential participants were identified at the rheumatology department at Martini
Hospital in Groningen by reviewing office charts. Participants were eligible if they had
a rheumatologist-confirmed diagnosis of RA according to the 1987 American College
of Rheumatology criteria26 and were 18 – 65 years of age. Participants were
excluded if they had other rheumatic diseases, a history of lower extremity joint
replacement operations or a cardiovascular disease. Participants with high
cardiovascular risk according to the ‘Guidelines for Exercise Testing and Prescription’
of the American College of Sports Medicine (ACSM)27 were also excluded.

Recruitment of participants
Potential participants were invited by the rheumatologist when they came for regular
office visits. When subjects agreed to participate after reading information on the
study, they were screened by a trained rheumatology nurse. Participants with
cardiovascular or metabolic disease risk factors and major symptoms according to
the ‘Guidelines for Exercise Testing and Prescription’ of the ACSM27 were excluded
by the nurse.
After signing an informed consent participants were asked to fill out questionnaires.
All questionnaires used were validated Dutch language versions, psychometric
properties are described in the ‘measurement instruments’ section. Subsequently
disease activity was measured and a submaximal exercise test performed. A trained
rheumatology nurse performed disease activity measures in all patients and a trained
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physical therapist with expertise in patients with RA performed all the exercise tests.
Patients were recruited during April, May and June 2009. The study was approved by
the local Medical Ethics Committee of Martini Hospital.

Measurement instruments
Demographic and disease related variables
The Arthritis Impact Measurement Scales (AIMS2) was used to obtain demographic
variables (age, gender, employment) and disease related variables (disease duration,
physical function and psychological status)28. Disease activity was measured with the
Disease Activity Score-28 (DAS28)29.
The AIMS2 is designed to measure health status in a multidimensional fashion using
12 categories. These categories can be combined into a 3 component model of
health status. The 3 components are: Physical function (mobility level, walking and
bending, hand and finger function, arm function, self-care tasks, household tasks),
Psychological status ( level of tension, mood) and Arthritis pain. In order to express
these scores in similar units, a normalization procedure is performed. All scores are
expressed in the range 0-10, with 0 representing good health status and 10
representing poor health status. The AIMS2 has good external validity and reliability
is satisfactory28. The Internal consistency coefficients for the health status categories
ranges from 0.66 and 0.8928.
The DAS-28 combines single measures into an overall, continuous measure of
rheumatoid arthritis disease activity (28 tender joint count, 28 swollen joint count,
erythrocyte sedimentation rate, and a general health assessment on a visual
analogue scale). The range of the DAS28 is 0 – 9.4. The level of RA disease activity
can be interpreted as low (DAS28 ≤ 3.2), moderate (3.2 < DAS28 ≤ 5.1), or as high
disease activity (DAS28 > 5.1)29. The DAS28 has good validity, it correlates well with
the original DAS (r > 0.94) and test-retest reliability is good (r = 0.8)29.

Dependent variable / outcome
Fatigue was assessed by the Multidimensional Assessment of Fatigue scale (MAF),
which was developed to measure self-reported fatigue in adults with RA21. The MAF
consists of 16 questions concerning the quantity, degree, distress, impact, and timing
of fatigue. Questions 1 – 15 form the final score or Global Fatigue Index (GFI, range
0 – 50) whereas question 16 concerns change over the past week. The MAF has
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good concurrent validity, it correlates to POMS fatigue subscale (r = 0.84) and good
internal consistency (inter-item correlations 0.53 – 0.83, Cronbach’s alpha 0.91 –
0.96)30.

Independent variables
Depressive symptoms were assessed with the Hospital Anxiety and Depression
Scale (HADS). The HADS was developed to assess anxiety and depressive
symptoms in a general medical population aged 16 – 65 years31. There are 7
depression items measuring cognitive and emotional aspects of depression,
predominately anhedonia, and 7 anxiety items that focus on cognitive and emotional
aspects of anxiety. Somatic items relating to emotional and physical disorders are
excluded. Scores in the Anxiety (HADS-A) and Depression subscale (HADS-D) range
from 0 – 21. Higher scores indicate greater severity. The following recommended cut
off scores for the subscales were used: 0 – 7 considered non-case, 8 – 10
considered possible case, 11 – 21 considered probable case31. The HADS has good
construct validity. Internal consistency is good, Cronbach’s alpha ranges from 0.78 0.93 for HADS-A and from 0.82 - 0.90 for HADS-D.
Pain was assessed using the ‘Arthritis pain’ component of the AIMS228. The Arthritis
pain component consists of one question to assess pain intensity and four questions
assessing pain impact (days with pain, number joints with pain, stiffness, sleep
disturbance due to pain).
Aerobic capacity was predicted using a single-stage submaximal walking test
developed by Ebbeling et al.32 for use with healthy adults. Minor et al.33 assessed
validity and reliability of this method to estimate aerobic capacity in women with RA.
Criterion validity is good, correlation with subjective maximal tests ranges from r =
0.77 to r = 0.80. Test-retest reliability is good, intraclass correlation coefficient ICC =
0.97 ( 95% CI 0.94 – 0.99).
Following standardized instructions, participants walked on a treadmill
(CompactGaitTM, Biometrics BV Netherlands) at a self-selected walking speed
between 3.2 and 7.2 km/h at 0% grade. Immediately after this 4 min warm-up the
treadmill grade was increased to 5% and participants continued walking at the same
speed for 4 more minutes. Heart rate was measured continuously during the test
using a handheld pulse oximeter (NPB-40, Nellcor Puritan Bennett LLC.). Final heart
rate and selected walking speed were entered into a previously developed equation32
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to estimate aerobic capacity: VO2max = 15.1 + 21.8*speed(mph) – 0.327*HR(bpm) –
0.26*speed*age(yrs) + 0.00504*HR*age + 5.98*gender(0 = female; 1 = male).
Physical activity level was assessed with the Short Questionnaire to Asses Health
enhancing physical activity (SQUASH)34. The SQUASH assesses four PA categories:
commuting activities, leisure time activities (including sports), household activities,
and activities at work and school. The time spent on PA per week was calculated for
all categories by multiplying frequency (days/week) by duration (hours/day). Intensity
of activities was expressed in metabolic equivalent tasks (MET), using Ainsworths’
compendium of physical activities35. Total amount of PA was calculated as the sum
of time*intensity per activity (METhours per week). The SQUASH is a fairly reliable
(r = 0.58) and reasonably valid (r = 0.45) questionnaire34.

Statistical analysis
The distributions of all variables were examined for normality. Means and SDs were
calculated for all normally distributed continuous variables, and medians and
interquartile ranges were calculated for continuous variables that were not normally
distributed.
Hierarchical multiple regression analysis was performed to examine the unique role
of PA and aerobic capacity in explaining variance in fatigue. A hierarchical multiple
regression analysis was performed in three steps, to control for age, gender, pain
and depressive symptoms. Age and gender were entered in the first step, pain and
depressive symptoms were entered in the second step followed by PA and aerobic
capacity in the final step. Statistical significance level was set at p ≤ 0.05. The sample
size of this study was set at 60 participants based on the number of independent
variables (age, gender, pain, depression, aerobic capacity and PA level) times ten, as
recommended for multiple regression analysis by Dawson-Saunders and Trapp36.
Data analysis was performed using the Statistical Package for the Social Sciences
(SPSS 14.0 for Windows, SPSS Inc., Chicago, USA).

Results
Twenty-four women and ten men with RA participated in this study. Participant
characteristics are presented in Table 1. Mean (SD) age of participants was 51.6
(11.2) years and 35.3 % was employed.
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Table 1. characteristics of study participants (n = 34)
Age, years
51.6 (11.2)
Women, %
70.6
Employed, %
35.3
Disease duration, years
7 (0-27)
Physical functiona
1.7 (1.1)
Psychological statusb
3.2 (1.6)
Disease activityc
3.7 (1.6)
d
GFI
18.7 (10.0)
Paine
4.1 (2.4)
HADSDf
2.0 (0-15)
HADSAg
3.5 (0-16)
VO2max, ml/kg/min
27.7 (3.8)
PA level, METhours/week
136.9 (72.4)
Variables expressed as mean ± standard deviation if not expressed otherwise
Possible ranges: a. 0-10, higher is more disability. b. 0-10, higher is worse
health status. c. 0-9.4, higher is more disease activity. d. 0-50, higher is more
fatigue. e. 0-10, higher is more pain. f. 0-21, higher is more depressed. g. 0-21,
higher is more anxious.
GFI: Global Fatigue Index. HADSD/HADSA: Hospital Anxiety and Depression
Scale. PA: physical activity

Disease duration ranged from 0 – 27 years and mean disease activity score was 3.7
(1.6), which can be interpreted as moderate disease activity.
Participants reported a Physical function of 1.7 (1.1) and a Psychological status of
3.2 (1.6). Arthritis pain mean score was 4.1 (2.4) and participants reported a median
2.0 on HADS depressive symptoms. Total amount of physical activity in one week
was 136.9 (72.4) METhours / week and male participants were more active than
female participants: 192.6 (76.4) METhours / week versus 113.7 (57.6) METhours /
week (p = 0.02). All participants performed the submaximal treadmill test and mean
VO2max was 27.7 (3.8) ml/kg/min.
Results were significantly higher for male participants, 31.5 (2.6) ml/kg/min versus
26.2 (2.9) ml/kg/min (p < 0.001). Mean Global Fatigue Index was 18.73 (10.0) and in
73.5% of participants intensity of fatigue was unchanged during the course of a
week. During some, but not all days of the week 50% of participants experienced
fatigue, 11.8% experienced fatigue most of the time. Fatigue most often affected
walking, doing household chores and exercise other than walking. No statistically
significant difference was found for GFI between males and females. Hierarchical
multiple regression analysis was performed to examine the unique role of PA and
aerobic capacity in explaining variance in fatigue when controlling for the influence of
pain and depressive symptoms. Tests were conducted to check for violations of the
assumptions of normality, linearity, multicollinearity and homoscedasticity. Data for
GFI were normally distributed, of the variables measured in this study only
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depressive symptoms had one outlier. Data were found to have been coded and
entered correctly and the decision was made to retain the outlier. In reviewing the
residual scatter plot no heteroscedasticity was noted.
Data were reviewed for evidence of multicollinearity, statistically significant
correlations ranged from 0.299 to -0.648 . It was assumed that the variables were
independent of one another (Table 2).

Table 2.

intercorrelations of independant variables and GFI
1
2
3
4
5

1 Gender
2 Age
3 Pain
4 HADSD
5 VO2max
6 PA level
7 GFI

1

-.200
1
.

-.108
.299*
1

-.024
.114
.309*
1

-.648*
-.009
-.218
-.056
1

6

7

-.503*
.039
-.278
-.256
. 389*
1

.066
-.085
.004
.622*
-.079
-.097
1

HADSD: Hospital Anxiety and Depression Scale (subscale depression), PA: physical activity, GFI: Global Fatigue Index
*: Statistical significance: p ≤ 0.05

Age and gender and depressive symptoms and pain were entered in the first step
and second step of the regression analysis. Age and gender made no significant
contribution. After entry of aerobic capacity and PA in the third step the total variance
explained by the model was 45% (p = 0.08). Aerobic capacity and PA added 1.1% of
explained variance in fatigue. In this model only depressive symptoms added a
unique statistically significant contribution, with a beta value of 0.707 (p< 0.001).
Results are presented in Table 3.

Table 3.
Step

Hierarchical multiple regression analysis with the
dependant variable Global Fatigue Index
Group
R2
p-value
Beta

p-value

1

Age
Gender

.010

.860

-.114
.021

.463
.927

2

Pain
Depression

.439

.002

- .175
.707

.329
.000

3

Aerobic capacity
Physical activity

.450

.008

-.100
.089

.629
.632

Statistical significance level: p ≤ 0.05
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Discussion
The purpose of this study was to explore whether aerobic capacity and physical
activity are associated with fatigue, when controlling for age, gender, pain and
depressive symptoms in persons with RA. In this study aerobic capacity and PA level
made no statistically significant contribution in explaining the variance of fatigue. As a
whole the model explained 45% of the variance of fatigue. Depressive symptoms was
the only variable with a unique statistically significant contribution.
Persons with RA rate fatigue as an important symptom interfering with their quality of
life. In order to develop RA-specific interventions to enhance quality of life, it is
important to understand specific factors contributing to fatigue. Findings that aerobic
exercise has positive effects on fatigue suggest an association between
deconditioning an fatigue37. In this study mean VO2max of participants was
comparable to that of age related healthy subjects and slightly younger patients with
RA measured with the same treadmill test32, 33. To determine level of PA METhours /
week were used. The only study using the SQUASH14 to determine PA level in
patients with RA, measured PA in minutes / week. Compared to those results the
patients in the present study were younger (51.4 – 60.5 years) and more active (2507
- 1535 minutes / week). Results from the present study do not seem to support the
idea that patients with RA are fatigued due to deconditioning.
It is possible that the effect of aerobic exercises on fatigue is a result of the positive
influence aerobic exercise has on depressive symptoms19. In the present study
depressive symptoms were highly correlated with fatigue, this is even more
interesting since patients experienced mild depressive symptoms. Only two persons
reached the lower cut-off point for a possible case (8 points) and one person was
considered a probable case (> 11 points). The results are supported by findings of
Huyser et al.6 who found a unique contribution of depression (11%) in explaining the
variance of fatigue. Pollard et al.38 found a strong correlation between fatigue and
depression, other comorbidities such as cardiovascular and respiratory diseases
were not correlated to fatigue. Depressive symptoms may express themselves as the
inability to perform activities. The results show an almost significant bivariate
correlation between depressive symptoms and PA level: -0.302 (p = 0.053). These
findings are in agreement with results from Rupp et al.3 who detected a moderate
correlation of depression with reduced activity. In a study on depressive history and
RA fatigue, Jump et al.39 found that fatigue was negatively associated with self
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efficacy. Persons with a history of depression experienced lower levels of self
efficacy to complete daily activities. Decreased daily activities associated with fatigue
might be a result of depressive symptoms or self efficacy instead of the result of
deconditioning. In earlier research self efficacy is described as being an important
factor predicting higher levels of PA40.
In this study pain did not significantly contribute to the variance of fatigue. This finding
seems in contrast with results from studies of Belza et al.21 and Huyser et al.6, 21 In
both studies level of pain was positively correlated to fatigue and explained 19% of
the variance of fatigue. It is difficult to compare results because of differences in the
statistical analysis. Belza used hierarchical multiple regression and entered pain in
one step of the analysis and depression in the next. Huyser used a composite score
of multiple pain measurement scales. In the present study depressive symptoms and
pain were simultaneously entered in the regression analysis. Depression in patients
with RA is linked to joint pain39, in the present study a correlation of 0.393 (p = 0.013)
existed. This may have influenced the results of the multivariate analysis.
The fact that gender was not significantly associated with fatigue confirms earlier
inconsistent findings. In the study of Reimsma et al.18 and Wolfe et al.24 gender was
not a significant factor, while Belza et al.21 found that gender significantly explained
13% variance of fatigue. They suggested that females were more fatigued, because
they typically are responsible for household task. Jobs with no distinct endpoints,
such as housework, should produce more fatigue symptoms. Compared to the
present study in the study of Belza et al. a higher percentage of the participants was
female (75% - 69,2%) and fatigue particularly affected doing household activities. In
the present study household activities was not the most affected and mean GFI did
not differ significantly between men and women (17,7 – 18,6; p = 0,83).
Patients in the present study were younger and experienced less pain and disability
than patients in comparable studies18, 28, 41. Disease duration was relatively short and
disease activity moderate. Lee et al.37 found that patients exercising regularly
experienced less pain compared to non-exercisers. Global Fatigue Index in
exercisers was higher than in participants of the present study (24.3 – 18.1). In an
other study17 exploring the effect of aerobic exercise participants had a GFI of 18.6
and a VO2max of 22.7 ml/kg/min. In the present study GFI was comparable but
participants had a higher VO2max: 28.1 ml/kg/min. Of only six patients VO2max was
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below normative age and gender related average VO2max. It is possible this has
influenced results.
This study has several limitations. First, due to limitations on the recruitment period
we were not able to include 60 participants, recommended for multiple regression
analysis with six independent variables. Second, disease severity and characteristics
of participants may differ from other populations, although results were comparable to
results of a ten year follow up study of patients with RA that suggests health status is
improving41. Generalisability may be compromised. Third, due to the cross-sectional
nature of the study the way depression, PA level and fatigue relate to each other
could not be explored. In order to develop interventions to enhance quality of life of
persons with RA longitudinal research is needed to explore the way these variables
interact. Fourth, the Multi Assessment of Fatigue scale is developed to explore four
aspects of fatigue (degree, distress, impact, and timing). Fatigue is, however,
expressed as the sum of these items and the potential to explore the complex
character of fatigue and associations with different domains of quality of life are lost.
Simple VAS fatigue scores show similar results in measuring the degree of fatigue
compared to complex scales38 and are easier to use. If we want a more complete
picture of fatigue and the relationships with RA, validation research on the use of the
single domains of the MAF needs to be done.

Conclusion
No relationship was found between aerobic capacity, level of PA and fatigue. This
study confirms earlier results that depression is a predictor of fatigue. Depression
may result in decreased daily activities and fatigue. A relation between depression
and deconditioning in RA remains unclear. The assumption that aerobic exercise
decreases levels of fatigue in patients with RA as a result of increased aerobic
capacity seems inaccurate. Future research should explore effectiveness of
interventions changing depressive symptoms in persons with RA and the relation with
level of PA and fatigue.
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