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Abstract To systematically search for the availabil-
ity of evidence for exercise impacting on sleep for people
who have rheumatoid arthritis. Two reviewers indepen-
dently searched seven electronic databases, identified and
extracted relevant studies by applying eligibility crite-
ria. Sources of bias were assessed independently by two
reviewers using the Cochrane bias assessment tool for ran-
domized controlled trials (RCTs) and Newcastle-Ottawa
Quality Assessment Scale for non-RCTs. Data were syn-
thesized using a level of evidence approach. Meta-analyses
were deemed to be inappropriate due to the heterogeneity
of study designs, measurement tools and interventions.
Five studies were included: one RCT; two pilot RCTs and
two samples of convenience. A total of 262 people with RA
were included. Interventions used were difficult to assess
due to the heterogeneity of study designs and the inclusion
of two using different types of yoga as an intervention. Dif-
ferent sleep outcome measures were used thus, it was not
feasible to pool results. Studies had a high risk of bias. This
review could find no consistent or conclusive evidence
on whether exercise impacts on sleep in people who have
rheumatoid arthritis, therefore no firm conclusions can be
made. However, there is some indication that exercise may
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have positive benefits on sleep in people who have rheuma-
toid arthritis. Further studies with improved study designs,
using subjective and objective measures, are needed.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune disease,
which causes chronic inflammation of the joints and injury
to the organs of the body [1], which can lead to people with
RA not being as physically active as their healthier counter-
parts [2, 3]. A significant body of research has investigated
the effects of physical activity and exercise on sleep, in the
general population. Results generally suggest that they are
beneficial for sleep; however, it is unclear how large these
benefits are, and to what extent variables such as age and
type and duration of exercise moderate these benefits [4].
Current practice guidelines, recommend exercise as a key
component in the management of people with RA how-
ever, what is lacking is its effect on sleep quality and sleep
disturbances.

It has been well established that regular exercise is
important for those who have been diagnosed with RA and
has been shown to increase muscle strength, improvements
in cardiovascular fitness and reduction in pain. The posi-
tion stand from the American College of Sports Medicine
(ACSM) regarding exercise for those with chronic condi-
tions is categorized by cardio-respiratory exercise, resist-
ance exercise, flexibility exercise and neuro-motor exercise

[5].
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Sleep is an important aspect of maintaining the body’s
circadian rhythm. In general getting fewer than 5 h sleep
per day has been associated with cardiovascular problems,
diabetes and obesity and can also be linked to depression,
anxiety and poor productivity [6-8]. Poor sleep is a com-
mon complaint among people with RA with disturbed sleep
and fatigue known to affect up to 70% in this population [9,
10]. This consequently has an effect on their quality of life,
in addition to mental and physical health.

It is known that exercise improves mood state [11],
which can also be an additional factor in improving or
indeed disrupting quality of sleep [12]. Exercise has been
identified as an important part of the non-pharmacological
management of poor sleep and in improving sleep quality
[13, 14] however, people with RA were previously cau-
tioned about undertaking exercise. It was noted in a 2013
Cochrane review [15], of exercise and fatigue, that sleep
quality was yet to be examined. Therefore, changes in sleep
quality should be evaluated through exercise so that we
can understand more the potential for long-term changes in
overall health status, in people who have RA.

The aim of this review is to systematically search for the
availability of evidence for exercise in sleep for people who
have RA and to determine its quality and strength, with the
goal of informing an exercise intervention looking at the
effect on sleep in this population.

Materials and methods

Reporting of this systematic review has been guided by
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [16]. A proto-
col outlining the review strategy and methods of analy-
sis was registered with a registry of systematic reviews
http://www.crd.york.ac.uk/PROSPERO/display_record.
asp?ID=CRD42015027943.

Eligibility criteria
Types of studies and population

Randomized controlled trials (RCT), controlled clinical
trials (CCT) without randomization, cross-sectional, case
controlled and cohort studies were all considered. Only
those publications in English were considered and partici-
pants were people who were aged 18 years or older with
a confirmed diagnosis of RA according to the American
College of Rheumatology classification criteria [17] or
the American College of Rheumatology/European League
Against Rheumatism classification criteria [18].
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Types of interventions and outcomes

Studies were required to include exercise and its outcomes
on sleep in people who have RA. Studies comparing exer-
cise interventions with no exercise were also included with
no specificity regarding setting.

Search strategy

A comprehensive search of the literature was performed by
two reviewers (SMcK and LC) in January 2016, to iden-
tify published literature in relation to exercise interventions
on sleep in people who have RA. The following databases
were searched: EbscoHost (Academic Search Complete,
AMED, CINAHL, MEDLINE and SPORTDiscus), PUB-
MED and Web of Science. Based on a scoping review
undertaken to determine the best terms to use, a combina-
tion of these key terms and MeSH headings were utilized:
rheumatoid arthritis OR rheumatoid arthritis patients OR
rheumatoid sufferers OR RA AND exercise OR physical
activity OR sleep OR sleep quality OR sleep disturbance.
Grey literature were also searched through appropriate
sources for conference abstract publications and the search
was also extended by secondary searching through the ref-
erence lists of papers retrieved, to identify any additional
suitable references.

Following the removal of duplicates, two authors
(SMcK & LC) independently assessed titles and abstracts
of the total search for relevance based on the eligibility
criteria. These authors then independently assessed the
remaining full text articles for eligibility. A third independ-
ent reviewer (NK) was available for consultation if disputes
arose however, this was not required. A consensus method
was utilized to solve disputes regarding the study articles to
include or exclude.

Where abstracts were returned without the availability of
a full text article authors were contacted, by email, to iden-
tify the origin of the abstract, ascertain if it had been pub-
lished and to request a means of accessing same in an effort
to include all relevant studies. In a similar manner, where a
study did not present all relevant data or if additional data
was deemed necessary authors were contacted for access to
this information.

Data extraction

A data extraction template based on the Cochrane recom-
mendations was piloted on two randomly selected stud-
ies and modified accordingly for this review [19]. For each
article that met the inclusion criteria, the following infor-
mation was recorded by the reviewer: (1) study citation, (2)
study population, i.e. number of participants, age range, %
of total study population that was RA (3) study design, (4)
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outcome measures used, (5) interventions delivered, using the
Frequency, Intensity, Time & Type (FITT) principle (6) the
statistical tests utilized and (7) results. Means and standard
deviations were extracted utilising spreadsheets (Microsoft
Excel 2010).

Quality assessment

An important step in conducting a systematic review is to
assess the methodological quality of each included trial. Vari-
ations in study quality can explain differences in the findings
of studies that are included in a systematic review. As a result,
the quality of a study will reflect the strength of the evidence
that can be drawn from it [20]. As both randomized and non-
randomized studies (RCTs) were included in this review, a
number of systems to appraise the studies had to be applied:

For RCTs the Cochrane Collaboration risk of bias tool
was used [19]. This consists of seven domains (selection,
detection, performance, attrition, reporting, allocation
concealment and other issues). Each domain in the tool
requires a specific entry(s) and consists of two parts. The
first part of the tool describes what was reported to have
happened in the study, in sufficient detail to support a
judgement about the risk of bias, while the second part of
the tool assigns a judgement relating to the risk of bias for
that entry [19]. This was achieved by assigning a judgement
of ‘Low risk’ of bias, ‘High risk’ of bias, or ‘Unclear risk’
of bias. When one or more of the domains were not met
then there was a high risk of bias. Disagreements between
the reviewers about these entries were resolved through dis-
cussion to achieve consensus.

For non-randomized studies the Newcastle-Ottawa Scale
(NOS), with some modifications was used [21]. This sys-
tem assesses the quality of the studies in three main areas:
selection, comparability, and/or outcome and exposure. As
this review is looking at the availability for evidence, the
scale was modified to include assessment of the validity
and reliability of the outcome measure used, in addition to
the statistics used. Stars are awarded for appropriate fulfil-
ment of each criteria with a maximum of four stars for sec-
tion one, two stars for section two and three stars for section
three, giving a possible maximum total score of nine stars.
The quality of the studies was carried out independently by
two authors (SMcK & LC). Where disagreement occured
both authors deliberated until a consensus was reached.

Results
Study selection

The search strategy and selection process is summarized
as per the PRISMA flowchart [16], which is presented in

Fig. 1. A total of five studies were included in this review
[22-26].

Study characteristics

Of the five studies, one was an RCT [26], two were pilot
RCTs [22, 24] with the final two sample of conveniences
[23, 25]. Study characteristics are included in Table 1.
A total of 262 people with arthritis are included in this
review, all of whom had a confirmed medical diagnosis of
RA according to the ACR [17] or ACR/EULAR [18] cri-
teria. In four of the studies the population was people with
RA, while in the fifth the population was a mixed popu-
lation of RA and ankylosing spondylitis (AS). The mean
study sample size was 52 (range 20-93), with the majority
of participants being female (70%), which is slightly lower
than the 75% reported by the American college of Rheuma-
tology [27].

Outcome measure used

Two studies used the Pittsburgh sleep quality index (PSQI)
as their sleep outcome measure [25, 26], one used a sub-
scale from the Nottingham Health Profile—Swedish ver-
sion (NHP) [23], one the Insomnia Severity Index (ISI)
[22] and one a Weekly Monitoring Form (WMF) [24].

The PSQI is an outcome measure used to assess sleep
quality and disturbances in adults, over the preceding
month [28, 29] and can be completed in 10 min. It char-
acterizes ‘poor’ from ‘good’ sleep quality by measuring
seven variables: subjective sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep disturbances,
use of sleeping medications, and daytime dysfunction. The
range for this measure is 0-21, with a higher score indi-
cating worse sleep quality. The PSQI has been used in a
number of disease areas [30], as an outcome in clinical tri-
als [31] and has also been used to evaluate sleep quality in
rheumatoid arthritis (RA) [32].

The NHP is an outcome measure intended for primary
health care and can be completed in 5 min [33, 34]. It con-
tains 38 statements of subjective concerns encompassing
six different sub-areas: pain, energy level, physical mobil-
ity, sleep, emotional reactions and social isolation ref. Each
question is answered Yes or No with each section score
being weighted. The higher the score, the greater is the
number and severity of problems. Each question is assigned
a weighted value; with sleep being five and the sum of all
weighted values in a given subarea adds up to 100.

The ISI a seven-item questionnaire, which asks the per-
son to rate the nature and symptoms of their sleep problems
using a five-point Likert scale (O=no problem, 4 =very
severe problem) [35, 36] and can be completed in 5 min
or less. Questions relate to subjective qualities of sleep,

@ Springer



966

Rheumatol Int (2017) 37:963-974

Fig. 1 PRISMA flow diagram

of study selection process

Identification

Total number of studies identified
through database searches

Academic Search Complete 1,643
MEDLINE 1,282
CINAHL Plus 627
SPORTDiscus 339

AMED 114
PUBMED 2,601
Web of Science 1,736
N= 8,345

Screening

!

Records screened after duplicates
removed

N=6,142

I

Eligibility

Full text examined for

eligibility

N=102

J

Included

Studies included in
systematic review &
qualitative synthesis

N=35

]

Studies included in
quantitative synthesis
(meta-analysis)

N=0

Additional records
identified

N=3

(Conference
Papers)

Studies excluded

N = 6,040

Full-text studies excluded

Population/study design/
exposure inappropriate (38)

Study population duplicated (2)

Sleep outcome not part of study
aim (40)

Abstract only/unable to access
authors (7)

Not an exercise intervention

(10)

including the severity of symptoms, satisfaction with his/
her sleep patterns, the degree to which insomnia interferes
with daily functioning, how noticeable any insomnia is to
others, and the overall level of distress created by the sleep
problem.

A WMF is a self-designed form and can be used to
monitor and assess numerous questions using a Likert-type
scale and can be used within 5 min. In this outcome it was

@ Springer

used to assess a participants’ ‘difficulty staying asleep for
the entire night’ from O (no difficulty) to 10 (very difficult).
Full details are summarized in Table 2.

None of the outcome measures discussed above were
developed specifically for rheumatologic or musculoskel-
etal conditions [37]. Each scale has relied heavily on popu-
lations with primary sleep disorders for validation [38].
Of the five outcome measures listed above, the PSQI and
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Table 1 Characteristics and demographics of studies included

References; location Study design

Intervention/control (n)

% of RA  Age Female: male %
(intervention:control) (intervention:control)

Hafstrom et al. [23]; Prospective sample of con-

Sweden venience
Durcan et al. [26]; Ireland RCT 40/38
Ward et al. [22]; New Pilot RCT 13/12
Zealand
Evans et al. [24]; USA Pilot RCT 26
McManus et al. [25]; USA  Sample of convenience 20/20

93 (58 Tenerife/35 Israel) 48% RA

50.8 (11.4) 72:28
100% RA  61(8):59(12) 75:25-53:47
100% RA 54 96:04
100% RA 28 100:0
100% RA  76-91:55-88 90:10-90:10

the ISI have been used to varying extents in rheumato-
logic populations [39]. Numerous studies using the PSQI
in a variety of older adult populations internationally have
supported high validity and reliability [37] and it has been
used to evaluate sleep quality in RA [32].

Outcome measure results
Pittsburgh Sleep Quality Index (PSQI)

An RCT from Ireland, found that sleep quality improved
significantly (p=0.04) based on their exercise programme
[26]. While a sample of convenience from the Arthritis
Foundation Exercise Program (AFEP) in the US, ANOVA
revealed a statistically significant difference in scores
between the groups (f(;7,,=4.892, p<0.05) [25]. Tukey
post hoc analysis showed statistically significant differences
in total scores between the pre- and post-scores within the
experimental group. However, while AFEP participants did
increase sleep quality/disturbance, this was not significantly
different compared to the comparison group.

Nottingham Health Profile: sleep subscale (NHP)

A Swedish sample of convenience, based in rehabilitation
centres in Tenerife and Israel using people with RA as 48%
of the total participants, found an improvement in overall
NHP and sleep sub-score. The sleep sub-score was statis-
tically significant shortly after (p <0.001), after 3 months
(» <0.005) and after 6 months (p <0.001) [23].

Insomnia Severity Index (ISI)

A pilot RCT from New Zealand, published as a conference
paper/abstract, showed that while no group effects of yoga
compared to usual care were reported, individual clinical
improvements in sleep were at a higher rate among Yoga
participants compared to usual care [22].

Weekly monitoring form

Using mixed model tests, a second pilot RCT from the
USA, showed a decrease in sleep difficulty but this was not
statistically significant (fi5;,=1.59, p=0.10).

Interventions

Interventions used were diverse, with Hafstrom and Hallen-
gren’s [23] consisting of dynamic and static exercise pro-
grams on land and in heated swimming pools, with therapy
given in either Tenerife or Israel, over a 4-week period.
Individual adjustments were done due to responses to ther-
apy. Durcan et al. [26] was the most comprehensive pro-
gramme which included cardiovascular, resistance training,
flexibility and neuromotor conditioning, with full evalua-
tion carried out at baseline and 12 weeks.

McManus et al. [25] was concerned with the Arthritis
Foundation Exercise Program (AFEP) which was created
by the Arthritis Foundation, in the US, to promote self-
management of the disease through an 8-week group rec-
reational exercise program [40].

Evans et al. [24] was based on a 6-week Iyengar yoga
program, with a 2 months follow up.

Ward et al. [22] focused on the feasibility and safety
of an 8-week relaxation focused Yoga intervention, with
measures taken at baseline, week-9 and week-12.

Risk of bias within studies

The Cochrane risk of bias form was used to assess the
RCT [26] and two were pilot RCTs [22, 24], and the risk
of bias was high, with results summarised in Table 3. All
three studies had low risk of bias for selection, attrition and
reporting, with performance bias being high. Detection,
allocated concealment and other bias were unclear.

The Newcastle—Ottawa Scale, with some modifications
was used for the two sample of conveniences [23, 25] and
is included in Table 4. The overall methodological quality
of the included studies was varied, with total scores ranged
from five to seven stars. Neither study satisfied the criteria

@ Springer
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Table 2 (continued)

&

AFEP participants did

Summary

Results

Inclusion criteria Outcome measure P/S

Intervention

Aim

References; design; info

Springer

increase their sleep qual-

ity/disturbance however
and unexpectedly not

sig diff than comparison

group

relating to adequate representation of the case population,
predisposing the increased likelihood of selection bias.
Based on the above results a meta-analysis was not
undertaken due to the heterogeneity of study designs, par-
ticipants, interventions and reported outcome measures.

Discussion

As far as we are aware this is the first systematic review
looking at the availability of evidence for exercise and
sleep, in people who have rheumatoid arthritis. The small
number of studies, their heterogeneous nature and a high
risk of bias prevent firm conclusions being drawn and there-
fore, restrict the generalizability of findings. It was there-
fore, deemed inappropriate to undertake a meta-analysis.

However, based on these limited number of studies they
do indicate some positive results with regard to sleep qual-
ity and disturbances and improvements in same, due to
exercise.

Outcome measures

The study of sleep disturbances can be challenging as gold
standard tests like polysomnography can be both expensive
and require an additional commitment of time from partici-
pants [39]. There is, therefore, a strong incentive to have
other non-laboratory based studies to justify utilizing other
outcome measures, in both clinical and home settings, for
assessing sleep patterns in rheumatologic diseases. From
this review four different sleep outcome measures were
used, all subjective, however, not all meet the Outcome
measures in Rheumatology (OMERACT) criteria for valid-
ity, feasibility and discrimination of differences [41]. It is
acknowledged that subjective measures are cheaper and
easier to administer however, it is important to choose a
method to measure exercise that will allow for continuous
and detailed recording of usual activity [42], which should
also include sleep patterns.

The two studies that used the PSQI showed that sleep
quality improved significantly although McManus et al.
state that their AFEP participants were not significantly dif-
ferent compared to the control [25]. From the literature, the
PSQI seems to be the most widely used general measure of
sleep quality available. Strengths of the measure include its
range of coverage of multiple dimensions of sleep quality,
its flexibility as a brief clinical tool, its demonstrated use
in chronic pain research and is one of the few measures of
sleep that incorporate questions relating to daytime sleepi-
ness. However, as PSQI’s items refer to ratings of sleep
over the previous month, it may be less sensitive to estimat-
ing significant changes over time or with brief intervention
periods.
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Table 3 Risk of bias appraisal using the Cochrane risk of bias form

References; Study design Selection bias Detection bias Perfor-  Attrition bias Allocated  Reporting bias Other bias Risk of bias
location mance conceal-
bias ment

Durcan et al. RCT Low Unclear High Low Unclear Low Unclear  High

[26]; Ireland
Ward et al. [22]; Pilot RCT Low Unclear High Low Unclear Low Unclear  High

New Zealand
Evans et al. Pilot RCT Low Unclear High Low Unclear Low Unclear  High

[24]; USA

The use of the ISI showed clinical improvements in
sleep. The ISI has been validated against both polysom-
nographic and prospective sleep diary measures and dem-
onstrates convergence with clinical interview criteria [35].
While it was not specifically developed for rheumatol-
ogy patients, scale development included a heterogenous
group of patients with insomnia secondary to pain condi-
tions. Due to its brevity and Likert scale data, this instru-
ment would not be an appropriate stand-alone measure of
sleep disturbance [43]. The scale is limited to questions
connected to severity and impact of insomnia and does
not assess frequency of symptoms. It also does not include
items relevant to other sleep disorders, which may occur
more frequently in chronic pain populations.

Results using the NHP did show that improvements in
sleep were significant. However, the NHP is designed to
measure a person’s view of their overall health status, in
six different areas with sleep just one of those areas. It has
been used in research studies worldwide in order to deter-
mine the effect a given disease has on a patient’s quality of
life, including insomnia [44] and sleep [45]. However, like
the ISI would not be an appropriate stand-alone measure of
sleep disturbance.

Finally, using the WMF showed a decrease in sleep
difficulty. A WMF is a simple way to subjectively assess
any type of condition, in this case sleep difficulty, using a
numeric rating scale (NRS). The WMF would not be an
appropriate scale to use as an outcome measure to ascertain
the effectiveness of exercise on sleep, as it is unable to cap-
ture different sleep related domains like the other measures.
Combining the PSQI with prospective monitoring such as
daily sleep diaries or actigraphy is recommended [43]. In
addition supplementing an assessment of sleep in rheuma-
tology patients with measures of fatigue, with either the
Stanford Sleepiness Scale (SSI) [46] or the Epworth Sleep-
iness Scale (ESS) [47], is also recommended [43].

Interventions

Exercise programmes used were difficult to assess and
compare according to the frequency, intensity, time and

type (FITT) principle due to the heterogeneity of study
designs and the inclusion of two using different types of
Yoga as an intervention.

Poor cardiovascular health is the main cause of death
in people with RA as they tend to have poor cardio res-
piratory fitness. Therefore, the inclusion of aerobic exer-
cise as part of treatment is essential, which was included
in three of the included studies [23, 25, 26], with the
other two studies comprising of yoga [22, 24]. The addi-
tion of resistance exercises helps to mitigate rheuma-
toid cachexia and other musculoskeletal and joint health
issues. Both types of exercises may need to be required
for maintaining bone mineral density [48] and was
included in three of the studies [23, 25, 26]. The current
ACSM guidelines recommend moderate intensity aerobic
exercise for a minimum of 30 min, 3-5 times per week
and 2-3 days per week for resistance exercise [49]. How-
ever, the ACSM also recommend stretching to improve
flexibility and balance work due to problems with lower-
extremity arthritis and these were only used by three of
the studies.

Pharmacologic interventions have improved the man-
agement of RA however, physical activity (PA) and
exercise remain an important part of overall treatment
[50]. The language used regarding PA and exercise is
extremely important. During the conduct of this review
it was found that authors and health professionals some-
times use PA and exercise interchangeably however, they
are quite different considerations. Indeed from the litera-
ture some studies used PA, exercise and physical func-
tion interchangeably within their texts. This can further
make it difficult to compare any findings. PA is defined
as ‘any bodily movement produced by skeletal muscles
that results in energy expenditure’ while exercise is ‘a
subset of PA, which is planned, structured and repetitive’
[51] with the view to improving or maintaining physical
fitness. Structured exercise confers benefits at low risk
in a majority of people with RA [52, 53], therefore, it
is important to clarify the difference when planning an
intervention, prior to it being studied and researched.
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Table 4 Risk of bias appraisal using the Newcastle Ottawa Scale

Statistics

Outcome measures

Comparability

Study design Selection

References; loca-

tion

Adequate follow up Adequate use

Comparability age/ Reliability Validity =~ Follow

Ascertain- Dem-

ment of

Selec-

Representa-

up long
enough

of meas-
ures

of meas-

ures

gender

onstra-
tion

tion of

tiveness of
patients

exposure

controls

skesk

No star *

No star

N/A

N/A

N/A

Prospective sample No star

Hafstrom et al.

of convenience

[23]; Sweden
McManus et al.

Unclear

No star

No star

ks

No star

Sample of conveni-

ence

[25]; USA

Limitations

Non-randomized controlled trials were included in this
review to increase its scope however, this simultane-
ously increased its risk of bias. This risk coupled with the
diversity of design makes reviewing the methodological
quality challenging.

According to the literature there are numerous
appraisal tools however, no gold standard exists for eval-
uating risk of bias. In this review we took the decision
to use the Cochrane risk of bias and Newcastle—Ottawa
Quality Assessment Scale on the basis of the design of
the included studies.

The heterogeneous nature and methodological limi-
tations of the included studies prevent firm conclusions
being drawn and restrict the generalizability of findings.

Consideration should be paid to the exercise habits of
those participants prior to any study which may or may
not affect any results [6] however, this was not part of the
objectives for this review.

Future research

While exercise benefits for people with RA are widely
acknowledged, further studies are required to investigate
its effect on sleep and therefore, the most effective exer-
cise prescription in terms of the FITT principle, the ideal
approach to exercise delivery and indeed how compliance
can be promoted.

Future research should include a control arm which
receives usual care, which should include the provision
of information regarding exercise, which will allow for a
fair evaluation of the actual intervention.

Improving the overall quality of research should serve
to improve the quality and overall effectiveness of inter-
ventions in increasing exercise in people who have RA.
The accurate measurement of sleep is also imperative and
it is recommended that only measures which have been
found reliable and valid in the RA population be used
in future research. This would also address any risk of
detection bias which only use self-report outcome meas-
ures. Long-term follow-up is also suggested in all future
studies to explore whether any beneficial effects are
maintained.

Exercise offers a potentially attractive alternative or
adjuvant treatment for those people with RA who have
sleep issues however, examination of a participant’s exer-
cise habits prior to any study would be important as it
may have an impact on its effectiveness.
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Conclusion

The small number of studies available, heterogeneity of
study designs and measurement tools coupled with a high
level of bias limit any firm conclusions that may be drawn
regarding exercise and sleep in people who have RA. How-
ever, there is some indication that exercise may have posi-
tive effects with regard to sleep quality and disturbances
and improvements in same.

More studies using both subjective and objective meas-
ures of sleep are necessary to confirm these findings and
need to be replicated using a large sample size with appro-
priate size calculations. In addition, PA and exercise need
to be strictly defined, prior to any intervention being under-
taken, which would ultimately result in more comparability.
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