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TherapeuTic advances in 
Musculoskeletal disease

Introduction
Rheumatoid arthritis (RA) is the most prevalent 
inflammatory arthritis, affecting approximately 
1% of the UK population.1 It is characterised by 

chronic systemic inflammation, resulting in  
synovial tissue damage and bone destruction.2  
Also, certain inflammatory cytokines (e.g., inter-
leukin 6 (IL-6) and tumour necrosis factor alpha 
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Background: Exercise is advocated in the treatment of rheumatoid arthritis (RA). However, 
uncertainty around the acute effects of exercise on pain and inflammation may be stopping 
people with RA from exercising more regularly.
Objectives: To determine the acute effects of exercise on pain symptoms, clinical 
inflammatory markers, and inflammatory cytokines in RA.
Design: A systematic review of the literature.
Data sources and methods: Five databases were searched (PubMed, Cochrane Library, CINAHL, 
Scopus and SPORTDiscus); inclusion criteria were studies with acute exercise, a definite 
diagnosis of RA and disease characteristics assessed by clinical function (i.e., disease activity 
score, health assessment questionnaire and self-reported pain), clinical markers associated 
with inflammation (i.e., c-reactive protein (CRP) and erythrocyte sedimentation rate (ESR)), and 
inflammatory cytokines (i.e., interleukin 6 (IL-6) and tumour necrosis factor alpha (TNF-α)).
Results: From a total of 1544 articles, initial screening and full text assessment left 11 studies 
meeting the inclusion criteria. A total of 274 people were included in the studies (RA = 186; 
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exercise did not appear to exacerbate pain symptoms in people with RA.
Conclusion: Post-exercise responses for pain, clinical inflammatory markers and 
inflammatory cytokines were not different between people with or without RA. Exercise 
prescription was variable between studies, which limited between-study comparisons. 
Therefore, future investigations in people with RA are warranted, which combine different 
exercise modes and intensities to examine acute effects on pain symptoms and inflammatory 
markers.
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(TNF-α)) are considered integral in the patho-
physiology of RA.3 Typical musculoskeletal man-
ifestations, including joint pain and swelling can 
significantly impact physical functioning.4 RA 
symptoms are commonly managed through  
pharmacological interventions.5 How-ever, non-
pharmacological approaches, such as exercise, have 
been effective in improving disease symptoms.6–8 
Thus, European Alliance of Associations for 
Rheumatology (EULAR) recommends a multidis-
ciplinary approach in RA disease management, via 
co-treatment with medicine and exercise.9,10

During exercise there is a short-term (i.e., acute) 
elevation of inflammatory cytokines such as 
IL-6,11,12 which may coincide with post-exercise 
soreness in the muscle.13 Typically levels of 
inflammatory cytokines decrease within a few 
hours of exercise cessation11,14 and muscle sore-
ness disappears after 24–72 h.13 Importantly exer-
cise training, which involves regular exercise over 
a prolonged period,15 is safe for people with RA, 
does not worsen pain, and improves disease activ-
ity and overall health.9,16–18 Despite this, people 
with RA are less physically active than the general 
population.19,20 Fear of acute post-exercise pain 
and disease aggravation (i.e., a flare-up) may par-
tially explain this.10,21 Therefore, their concerns 
regarding pain and disease activity post-exercise 
need to be addressed.22 Furthermore, it is impor-
tant to clarify the precise pain and inflammatory 
response following an acute bout of exercise. 
Especially, as a better understanding of the acute 
effects on disease characteristics would allow for 
optimum exercise prescription in people with 
RA23 and better management of individual fears 
and expectations. Consequently, the aim of this 
review was to determine the acute effects of exer-
cise on pain symptoms, clinical inflammatory 
markers, and inflammatory cytokines in people 
with RA.

Method
The review details were submitted and subse-
quently accepted by the PROSPERO interna-
tional prospective register of systematic reviews 
on 23 May 2018 (registration number: 
CRD42018091155). Five databases were 
screened: PubMed, Cochrane Library, CINAHL, 
Scopus and SPORTDiscus and a final search was 
performed on 30 April 2021. In the PubMed 
search, the keywords ‘rheumatoid arthritis’, 
‘acute exercise’, ‘disease activity’ and ‘acute pain’ 
were each searched as subject headings and in all 

fields combined with Boolean logical operators 
(‘AND’ or ‘OR’) (Supplementary Data 1).

Eligibility criteria
Human only studies in people with a definite 
diagnosis of RA according to ACR and EULAR 
guidelines24–27 were included. All acute exercise 
modalities were considered to capture relevant 
articles. Disease characteristics were assessed  
via clinical function (i.e., disease activity score-28 
(DAS), health assessment questionnaire (HAQ) 
and self-reported perceptions of pain) and clinical 
inflammatory markers (i.e., c-reactive protein 
(CRP) and erythrocyte sedimentation rate 
(ESR)), as routinely assessed in RA disease man-
agement. In addition, inflammatory cytokines 
associated with RA pathogenesis and progression 
(i.e., IL-6 and TNF-α) were examined to deter-
mine the post-exercise responses. Importantly, all 
outcomes were assessed within 72 h following an 
acute bout of exercise to capture post-exercise 
changes. Also included were studies which 
involved varied training status and habitual physi-
cal activity levels. Only published articles were 
accepted, therefore abstracts and conference pro-
ceedings were not considered. Studies were 
excluded with people less than 18 years of age and 
in a language other than English. Furthermore, 
studies where participants had been diagnosed 
with various types of inflammatory arthritis or 
other connective diseases, but not in combination 
with RA were excluded. Due to the limited num-
ber of randomised controlled trials (RCTs) inves-
tigating acute exercise in people with RA, 
observational studies including cross-sectional 
studies were included within the analyses.

Study inclusion and data extraction process
Two reviewers (C.B. and L-A.B.) were responsi-
ble for independently screening the titles and 
abstracts. Subsequently, relevant articles were 
assessed based on their full-texts regarding inclu-
sion and exclusion criteria. In the case of disa-
greement between the reviewers, a third reviewer 
(A.S-K.) was consulted to resolve any disputes. 
Furthermore, the reference lists of included arti-
cles were searched, and citation tracking was per-
formed to ensure all relevant articles were 
captured. Data extraction was independently 
completed by the two reviewers for articles meet-
ing the predefined inclusion criteria; the data 
extraction sheet included: study information, 
study population, intervention, and outcome 
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measures. Data were presented as mean ± stand-
ard deviation (SD), unless otherwise stated. This 
review is reported within the PRISMA guidelines 
(Supplementary Tables 1 and 1b).28

Risk of bias assessment
Studies were independently graded by the two 
reviewers according to the National Institutes of 
Health (NIH) quality assessment tool for obser-
vational cohort and cross-sectional studies, the 
NIH quality assessment tool for before-after 
(pre–post) studies with no control group29 and 
the tool for the assessment of study quality and 
reporting in exercise (TESTEX) scale for RCTs.30 
Any disagreements between the reviewers, a third 
reviewer (A.S-K.) was used as an arbitrator.

Results
A total of 1554 studies were identified after initial 
searches (PubMed: 392, Cochrane: 242, Scopus: 
774, CINAHL: 100 and SPORTDiscus: 46). 
After removal of duplicates 1059 articles were 
left. Following review of titles and abstracts, 1024 
papers were excluded. Full-text review was then 

carried out for the remaining 35 potentially rele-
vant papers, yielding 10 articles that met the 
inclusion criteria. Manual searches of the refer-
ence lists from the included articles identified a 
further study, resulting in a total of 11 studies 
(Figure 1). Six of these studies were classified as 
observational while the remaining five were 
RCTs. The study information (e.g., authors), 
study population (e.g., descriptive characteris-
tics), intervention (e.g., acute exercise protocol) 
and outcome measures (e.g., pain and inflamma-
tory markers) are described in Table 1.

Study quality assessment
The NIH quality assessment tool for observa-
tional cohort and cross-sectional studies rated 
four studies as good and one study was rated as 
fair (mean score: 7) (Table 2), while one study 
was rated as fair (total score: 6) using the NIH 
quality assessment tool for before-after (pre-post) 
studies with no control group (Table 3). Table 4 
describes the outcome of the TESTEX scale for 
the five relevant studies (mean score: 7). All qual-
ity assessment tools were adapted to meet the 
specific needs of this review, certain criterions 

Figure 1. PRISMA 2020 flow diagram for systematic reviews. (Identification) articles were identified through 
database searching and duplicates were removed; (Screening) titles and abstract of remaining articles were 
screened, full-text retrieval and assessment for eligible articles, citation searching for articles, and reasons provided 
for excluded articles; (Included) full-text articles included for systematic review. N, number.
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were scored NA and the total score was adjusted 
accordingly.

Participant characteristics
A total of 274 people were included in the studies 
[RA: n = 186, age (mean ± SD) 55 ± 9 years; 
Control (CON): n = 88, age 56 ± 5 years]. Due to 
very low numbers, the six osteoarthritis (OA) par-
ticipants were excluded from any further analysis 
and discussion. Concerning the people with RA, 
five studies assessed body mass index (BMI) 
(25.2 ± 0.7 kg/m2), in six studies RA disease dura-
tion could be determined (99 ± 36 months), four 
studies assessed baseline HAQ (0.9 ± 0.5), three 

studies assessed baseline DAS28 (4.4 ± 2.6), 
three studies assessed baseline CRP 
(2.4 ± 2.5 mg/l), one study assessed baseline ESR 
(38 ± 10 mm/h), four studies assessed baseline 
IL-6 (12.9 ± 10.4 pg/ml), and three studies 
assessed baseline TNF-α (18.3 ± 11.6 pg/ml).

Exercise modalities
Out of the 11 studies, two used aerobic exercise, 
three used resistance exercise, four studies used a 
combination of aerobic and resistance exercise 
(i.e., combined exercise) and the final two studies 
involved other exercise modalities not clearly 
defined.

Table 2. NIH quality assessment tool for observational cohort and cross-sectional studies: study summary.

Author Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Total 
score

Quality 
rating

Beals et al.36 Y N NA Y N N Y NA Y Y Y NA NA N 6 (10) Fair

Friden et al.38 Y N NA Y N N Y Y Y Y Y NA NA N 7 (11) Good

Knudsen et al.31 Y N Y N N Y Y NA Y NA Y NA NA Y 7 (10) Good

Lofgren et al.33 Y N Y Y N N Y Y Y Y Y NA NA Y 9 (12) Good

Pereira Nunes 
Pinto et al.35

Y N NA Y Y N Y NA Y Y Y NA NA N 7 (10) Good

N, No; NA, not applicable; NIH, National Institutes of Health; Q1, Question 1; Y, Yes.

Table 3. NIH quality assessment tool for before-after (pre-post) studies with no control group: study summary.

Author Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Total 
score

Quality 
rating

Melton-Rogers et al.32 Y N Y Y N Y Y NA NA Y NA N 6 (9) Fair

N, No; NA, Not Applicable; NIH, National Institutes of Health; Q1, Question 1; Y, Yes.

Table 4. TESTEX quality assessment tool for randomised controlled trials: study summary.

Author Study quality – 5 points Study reporting – 10 points Total 
score

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12

Bearne et al.37 1 1 1 NA 1 1 1 2 0 0 1 1 10 (14)

Byers40 0 0 NA 0 0 1 NA 2 1 0 NA 0 4 (12)

Law et al.39 1 0 NA NA 1 3 0 2 0 NA 1 1 9 (12)

Mikkelsen et al.34 1 0 NA NA 1 2 NA 2 1 1 NA 1 9 (11)

Thompson et al.41 0 0 NA 1 0 0 NA 2 0 0 NA 0 3 (12)

NA, not applicable; Q1, Question 1.
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Summary of main findings
Regarding acute exercise, three studies reported 
no significant change in post-exercise pain and 
joint symptoms, when compared with base-
line.32,36,39 Byers40 concluded that morning joint 
stiffness was significantly less and joint mobility 
was significantly greater when evening exercises 
were performed. Two studies reported significant 
increases in pressure pain thresholds and exer-
cise-induced hypoalgesia during muscle contrac-
tion in both RA and CON groups.33,38 People 
with RA demonstrated higher pain sensitivity, but 
no significant effect was observed for group inter-
action, and relative change in pressure pain 
thresholds did not differ between RA and CON 
groups.33,38

Three of the included studies suggested no sig-
nificant changes in CRP and/or ESR concentra-
tion following either acute aerobic or resistance 
exercise;35,39,41 with no difference in clinical 
marker changes post-exercise between RA and 
CON groups.35 Pereira Nunes Pinto et al.35 iden-
tified no difference in IL-6 or TNF-α response 
post-exercise between RA and CON groups. Two 
studies found circulating IL-6 significantly 
increased post-exercise34,35 and one study found 
TNF-α expression increased immediately after 
exercise.34 Bearne et  al.37 reported no change 
from baseline in TNF-α post-exercise; while in 
IL-6 there was no change from baseline in the 
second session, but IL-6 significantly decreased 
post-exercise in the 10th session. Whereas one 
study reported no change in post-exercise IL-6 in 
people with RA.31

Aerobic exercise
Knudsen et al.31 examined the effect of exercise 
on circulating IL-6 in people with untreated early 
RA (ERA) (disease duration < 6 months), long-
term erosive RA (LRA) and healthy controls. 
Following cycle ergometer exercise, the authors 
reported no IL-6 changes from baseline to imme-
diately post-, 1-h post- or 3-h post-exercise in 
ERA or LRA (all p > 0.05), while IL-6 signifi-
cantly increased in the CON group at all time-
points post-exercise (all p < 0.05). However, IL-6 
was significantly elevated in the people with RA at 
baseline and post-exercise compared with CON 
group (p < 0.001). Melton-Rogers et al.32 exam-
ined peak ventilatory and cardiovascular responses 
during dry-land cycling versus running in water 
with a flotation device in people with RA. No dif-
ference was observed in joint pain between 

treatments (p = 0.46), and neither mode exacer-
bated joint pain during exercise.

Resistance exercise
Lofgren et al.33 investigated pressure pain thresh-
olds and exercise-induced hypoalgesia following 
right leg isometric knee extension muscle contrac-
tions. Pressure pain thresholds significantly 
increased at contracting quadriceps in both groups 
(RA pre-exercise: 1.0 kPa versus during exercise: 
1.3 kPa, p < 0.001; CON pre-exercise: 0.9 kPa ver-
sus during exercise: 1.1 kPa, p < 0.016). There was 
a significant effect for the factor time (p < 0.001), 
but there was no significant effect for group or sig-
nificant time x group interaction. The worst thigh 
pain reported during contraction using a visual 
analogue scale (VAS):0–100 was significantly 
higher in RA versus CON (RA median: 22, 25th–
75th percentiles: 2–52; CON median: 0, 25th–
75th percentiles: 0–26; p = 0.003). Therefore, the 
higher pain sensitivity reported by the RA group 
suggests increased sensitivity to pain during exer-
cise, but normal activation of segmental and 
plurisegmental exercise-induced hypoalgesia.

Mikkelsen et  al.34 used a case match design for 
RA and healthy controls, based on gender, BMI 
and physical activity levels. RA was well con-
trolled, as demonstrated by low disease activity 
(DAS28: 2.6 ± 1.0). Basal CRP was significantly 
higher in people with RA than CON (RA: 
2.3 ± 0.5 mg/l versus CON: 1.1 ± 0.3 mg/l; 
p = 0.038); while baseline IL-6 was higher in peo-
ple with RA, but this was not significant (RA 
IL-6: 2.9 ± 0.7 pg/ml versus CON: 1.7 ± 0.3 pg/
ml; p = 0.065). IL-6 immediately increased post-
exercise in both groups (p < 0.001). In addition, 
basal mRNA expression of TNF-α was higher in 
people with RA than CON (RA: 1.2 ± 0.3 pg/ml 
versus CON: 0.6 ± 0.1 pg/ml; p = 0.008). TNF-α 
increased in response to exercise in both groups 
(p < 0.001), although post-exercise TNF-α in RA 
remained above CON (p = 0.036). Indeed, 
cytokine responses were not different between 
RA and CON groups. Furthermore, cytokine 
changes were not associated with post-exercise 
differences in acute anabolic response of signal-
ling pathways or muscle protein synthesis.

Pereira Nunes Pinto et al.35 examined the acute 
effects of resistance exercise on females with or 
without RA. The control group consisted of peo-
ple without RA who were matched according to 
age and BMI. There was no difference between 
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RA and CON groups in basal CRP (RA: 0.05 ±  
0.04 mg/l; CON: 0.03 ± 0.03 mg/l; p = 0.118); 
while CRP concentration was not altered post-
exercise with no difference between RA and CON 
groups (p = 0.294). Similarly, there were no dif-
ferences in circulating IL-6 or TNF-α post-exer-
cise between groups (p = 0.665; p = 0.565 
respectively). IL-6 concentration significantly 
increased immediately, 1- and 2-h-post-exercise 
in both groups (RA immediately post: 44.1 ±  
37.6 mg/l, 1-h-post: 43.8 ± 33.9 mg/l, 2-h-post: 
27.5 ± 32.5 mg/l; CON immediately post: 38.6 ±  
28.2 mg/l, 1-h-post: 37.1 ± 26.4 mg/l, 2-h-post: 
17.7 ± 15.0 mg/l; all p ⩽ 0.01), returning to base-
line 24-h after the exercise session. However, in 
both groups there were no significant changes in 
pre- and post-exercise CRP and TNF-α concentra-
tion (p = 0.617; p = 0.096 respectively). Therefore, 
the response of circulating clinical markers to an 
acute bout of resistance exercise was not different 
between females with or without RA.

Combined exercise
Beals et  al.36 performed a cross-sectional study 
which involved assessments of muscle strength 
and maximal aerobic capacity. Baseline joint stiff-
ness was significantly higher in the RA group 
(37.0 ± 8.5) when compared with the sedentary 
CON group (0.3 ± 0.3; p < 0.001), but there were 
no reported increases in joint symptoms or pain 
among people with RA following a single com-
bined exercise session. Bearne et al.37 randomised 
people with RA to a rehabilitation or a CON 
group. The rehabilitation group participated in 
two exercise sessions a week for five weeks and 
each session involved maximum voluntary con-
tractions and functional exercises. Acute changes 
in pro-inflammatory cytokines were assessed 
immediately before and after the second and tenth 
(i.e., last) exercise session. There was no signifi-
cant change in IL-6 or TNF-α post-exercise in the 
second session when compared with baseline. 
However, following a progressive exercise training 
programme there was a significant reduction in 
post-exercise IL-6 concentration in the last ses-
sion (p < 0.05). In contrast, TNF-α remained 
unchanged post-exercise in the final session.

In the Friden et al.38 study, pressure pain thresh-
olds significantly increased during quadricep con-
traction in both RA group and healthy controls 
(RA rest: 311.8 ± 266.8, contraction: 368.5 ±  
322.4 kPa, p = 0.013; CON rest: 416.1 ± 228.9, 

contraction: 465.6 ± 251.0 kPa, p = 0.028). The 
RA group had an increased sensitivity to thresh-
old and suprathreshold pressure pain versus CON, 
but the relative change in pressure pain thresh-
olds between rest and contraction did not differ 
between groups (quadriceps mean % change  
RA: 23%; CON: 20%; p > 0.05). The time until 
muscle exhaustion at 30% maximum voluntary 
contraction was also not significantly different 
between groups (p > 0.05). Based on the relative 
change in pressure pain thresholds, the RA group 
had normal functioning of exercise-induced 
endogenous pain inhibition.

Law et  al.39 included people with RA who per-
formed a randomised cross-over-designed trial 
with a 1-week washout between exercise sessions. 
Their results indicated circulating post-exercise 
CRP concentration was higher in RA versus CON 
group (RA: 14.3 ± 2.1 mg/l; CON: 1.3 ± 1.9 mg/l; 
p < 0.01); however, there were no significant 
interactions with either exercise bout or timepoint 
and no worsening of systemic disease activity 
post-exercise. The CON group reported no pain 
during either form of exercise when measured on 
a 0–10 pain intensity scale, while the RA group 
reported some knee pain during the aerobic 
(0.5 ± 0.7) and resistance exercise sessions 
(2.2 ± 3.0), but not of clinical significance. There 
were no significant changes in CRP or knee joint 
pain in the 24-h period following either mode of 
exercise for the RA group.

Other exercise modalities
Byers40 investigated the effects of exercise on 
morning stiffness and mobility in people with RA. 
Range of motion exercises were performed on 
both mornings, but only one of the two evenings. 
Elastic stiffness and subjective ratings of stiffness 
were significantly less, and mobility was signifi-
cantly greater when evening exercises were per-
formed alongside morning exercises (all p < 0.001). 
Evening exercise was effective for all people with 
RA, with 21 people reporting less elastic stiffness 
when evening exercise was performed (p < 0.05). 
Thompson et al.41 randomly allocated people with 
RA to 24-h bedrest or normal ward activities on 
the first day, crossing to the other regimen for the 
second day. There were no significant inter-day 
differences for CRP (p < 0.05). Therefore, CRP 
concentration was not different to baseline. 
Subsequently they concluded CRP was unaffected 
by joint motion and exercise.
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Discussion
The aim of this systematic review was to deter-
mine the effects of an acute bout of exercise on 
pain symptoms, clinical inflammatory markers 
(i.e., CRP and ESR) and inflammatory cytokines 
(i.e., IL-6 and TNF-α) in RA. The major findings 
are that when people with RA perform an acute 
bout of exercise it does not appear to exacerbate 
pain symptoms during or post-exercise. In addi-
tion, exercise does not unfavourably alter clinical 
inflammatory markers and the inflammatory 
cytokine response, when compared with healthy 
controls.

Pain is a major feature of RA and common mis-
conceptions by people with RA are that exercise 
may increase pain and lead to further joint dam-
age.22 Nevertheless, the present review of the 
available evidence suggests that an acute bout of 
exercise does not exacerbate pain symptoms in 
people with RA, regardless of exercise mode and 
intensity. While chronic pain and inflammation in 
RA are linked,42 our findings suggest pain symp-
toms are unchanged following exercise in people 
with RA. This coincided with some changes in 
inflammatory cytokines that are typical of the 
post-exercise response in people without RA.

Therefore, other pathways could be associated 
with pain response post-exercise such as periph-
eral43 and central mechanisms (i.e., central sensi-
tisation),33,44 which might play a role in pain 
processing for people with RA. Nonetheless, peo-
ple with RA demonstrate a post-exercise pain 
response consistent with healthy controls.45 
Consequently, individual fears of acute pain flare-
ups following an acute bout of exercise can be 
better managed to secure more widespread adop-
tion-adherence to regular exercise. Although the 
different modes of exercise showed no differences 
in pain symptoms between people with or without 
RA, few of these modes of exercise are widely 
adopted. This suggests generic, rather than 
RA-specific issues affecting popularity and imple-
mentation of regular exercise are at play.

The present review found that moderate inten-
sity exercise did not significantly affect CRP con-
centration in people with RA, which is consistent 
with non-RA populations.46–48 However, CRP 
has previously increased in sedentary overweight 
people (p < 0.05) following intensive or pro-
longed exercise,49 which might explain our find-
ings. TNF-α is a key cytokine that causes 
inflammation in RA50 and there is a perceived 

risk that elevated TNF-α concentration follow-
ing exercise could amplify the pro-inflammatory 
response. Of the studies included in this review, 
two reported no change in TNF-α post- 
exercise,35,37 as consistent with previous research  
in healthy adults;51–53 whereas one study found 
TNF-α expression increased immediately after 
exercise in both RA and CON groups.34 There-
fore, future research is required to precisely con-
firm the TNF-α response post-exercise in RA. 
Nevertheless, the findings suggest that the rela-
tive change in circulating TNF-α in people with 
RA in response to exercise, and across varied 
exercise modes, was not different to healthy 
individuals.

IL-6 plays a prominent role in RA pathogenesis54 
and is commonly known for its pro-inflammatory 
functions. During exercise IL-6 stimulates the 
circulation of anti-inflammatory cytokines such  
as interleukin-10, which inhibits production of 
pro-inflammatory cytokines such as TNF-α.55,56 
Furthermore, exercise-associated increases in cir-
culating IL-6 are thought to play an important 
role in energy production through enhancing glu-
cose uptake and lipolysis.57,58 Therefore, elevated 
IL-6 post-exercise in people with RA might not  
be considered the unfavourable inflammatory 
response that was previously believed.59 In the 
four studies that examined IL-6, two reported a 
significant increase in response to exercise,34,35 
which agrees with previous findings in healthy 
adults.60,61 However, one study found IL-6 sig-
nificantly decreased from baseline immediately 
after the final exercise session,37 while another 
study reported no IL-6 change post-exercise.31 
Although Knudsen et al.31 suggested that people 
with RA performed less strenuous exercise com-
pared to the control group. Consequently, the 
findings in the present review are inconsistent and 
further investigations are necessary to determine 
the precise impact of different modes of exercise 
on IL-6 response in RA.

Furthermore, in four studies the frequency, inten-
sity, type and time of the exercise (FITT) as 
advocated by the American College of Sports 
Medicine (ACSM)62 was not clear. The study by 
Byers40 included people with RA who only com-
pleted range of motion exercises, while Thompson 
et al.41 did not detail the morning physiotherapy. 
In both cases, the exercise characteristics are 
inadequately reported with no clear exercise pre-
scription (i.e., FITT). Despite some studies fully 
reporting the exercise characteristics, the specific 
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exercise prescription (e.g., aerobic or resistance 
exercise; high or low intensity) was variable, 
which also limits study comparisons. Sub-
sequently, different exercise parameters make it 
difficult to accurately assess the impact of exercise 
in people with RA and as highlighted in a recent 
review the optimal intensity, frequency, mode 
and exercise duration for RA has yet to be deter-
mined.63 Therefore, further research with clearly 
defined FITT, which examines how different 
exercise prescription (e.g., high versus low inten-
sity exercise) impacts acutely on RA disease char-
acteristics is required.

It is also important to acknowledge the variability 
in pain assessments. Two studies measured pain 
sensitivity using standardised pressure pain 
thresholds,33,38 a pain VAS was used by Melton-
Rogers et  al.32 and Lofgren et  al.33 while Law 
et al.39 assessed knee joint pain using an adapted 
Pain Intensity Scale.64 Although subjective pain 
scales have been validated,65,66 they demonstrate 
substantial heterogeneity across the scientific lit-
erature and direct comparisons cannot be made 
across different assessment tools. Patient-reported 
outcomes such as pain symptoms are essential in 
monitoring RA67 and further work is necessary to 
obtain a better insight into post-exercise pain 
response using consistent methods.

Furthermore, one study did not include a com-
parator control group;32 therefore, it is not pos-
sible to directly compare outcome measures in 
RA and other populations. In addition, the peo-
ple with RA in Melton-Rogers et  al.32 were 
younger (age: 35.9 ± 3.0 years) than the mean 
age of all people with RA in the present review 
(age: 55 ± 9 years). This might explain why joint 
pain (or the lack of it) did not impair exercise 
performance in their study.32 Notably, two stud-
ies did not assess outcome parameters post- 
exercise, as pain sensitivity was examined during 
the exercise protocol.33,38 Therefore, neither 
allows assessment of post-exercise pain sensitiv-
ity differences or differences between people 
with or without RA. A recent systematic review 
by Hall et  al.68 suggested that in people with 
knee OA, pressure pain threshold improved 
post-acute exercise and they also experience 
hypoalgesia following exercise similar to that of 
healthy individuals. Although these results are 
only generalisable to people with knee OA, acute 
exercise did not appear to worsen pain symp-
toms, which supports the findings in the present 
review.

This review has important limitations. First, dif-
ferences in follow-up time for outcome variables 
(immediately post-exercise to 24-h post-exercise), 
patient demographics, participant inclusion–
exclusion criteria, RA disease activity (low versus 
high disease activity), disease duration and sam-
ple sizes all limit study comparability. It is impor-
tant to acknowledge that baseline values for 
inflammation (i.e., CRP and TNF-α) were  
low and disease activity (i.e., DAS28) was rela-
tively well controlled among RA participants. 
Subsequently, this may have contributed towards 
a lack of exercise-induced change in the included 
studies. In addition, the small sample sizes in the 
included studies may partially explain the lack of 
reported change in outcome variables. There 
were also three studies that provided no informa-
tion on disease duration36,40,41 and in one study 
where disease duration was reported to be more 
than 10 years,35 the impact of acute exercise on 
outcome measures may be limited.

Indeed the high heterogeneity in study character-
istics may impact on the findings presented in this 
review and thus, caution is advised when inter-
preting the results as a firm conclusion cannot be 
drawn. Furthermore, six studies provided no 
information on RA medication,31–33,35,40,41 while 
two studies did not fully report medication for all 
people with RA.36,39 In one study the medication 
of the 15 randomised people with RA was 
unclear.37 Consequently, incomplete reporting of 
medication may have misrepresented potential 
interactions between medication and exercise 
response.45 Medication therapy is recommended 
for all people with RA69 with likely variability in 
the prescribed medication across the included 
studies. Consequently, the potential bias in the 
outcome measures cannot be excluded.

We have also highlighted important variations in 
exercise prescription. Due to the limited number 
of RCTs, observational studies have been 
included in this review. This affects the review 
quality; cross-sectional designs do not allow 
assessments of causality. Due to high heterogene-
ity in outcome measures, we have been unable to 
pool study results and perform quantitative analy-
ses. To ensure inclusion in subsequent reviews, 
future research designs should standardise out-
come measures.

Moreover, there are limitations with the bias 
assessments, as weaknesses were found regarding 
description of study population31,33,35,36,38 and 
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sample size32 when using the NIH assessment 
tool. Weaknesses were also found in the methods 
of randomisation for studies assessed using the 
TESTEX tool.34,37,39–41

Future research
The present review has highlighted important 
gaps still exist in this area of research. Indeed, a 
more consistent approach to assessing RA-related 
outcomes is warranted in future investigations. 
Furthermore, a prospective randomised crossover 
trial should look to combine different exercise 
doses (e.g., aerobic exercise versus resistance exer-
cise, higher exercise intensities versus moderate 
exercise intensities) to precisely determine  
the acute effects of exercise on pain symptoms, 
inflammatory markers and inflammatory cytokines 
among people with RA. Also, the vast majority of 
existing research has been carried out on people 
with established RA (i.e., more than two years 
since diagnosis), as is evident in this review (mean 
disease duration: 99 months). There is limited evi-
dence on the acute effects of exercise in people 
with early RA (i.e., less than two years since diag-
nosis) and this is despite recommendations to 
include exercise in the early stages of treatment. 
Subsequently, future investigations into the acute 
effects of exercise should consider people with 
early RA as the target population.

Conclusion
Previous research shows that regular exercise can 
improve pain symptoms, clinical inflammatory 
markers and inflammatory cytokines in people 
with RA. Nevertheless, evidence suggests people 
with RA do not meet the physical activity guide-
lines, which could be attributed to concerns that 
acute exercise exacerbates pain and disease activ-
ity. The current review has demonstrated that 
acute exercise does not appear to worsen pain 
symptoms. Also, post-exercise responses for pain 
symptoms, clinical inflammatory markers and 
inflammatory cytokines were not different in peo-
ple with or without RA, which is an important 
message for people with RA and health profes-
sionals. Perception of acute joint pain is consid-
ered a prominent barrier to exercise, and our 
findings could help people with RA better man-
age those fears. Nevertheless, we have identified 
an inconsistency of exercise prescription to assess 
the acute effects of exercise. We recommend 
future research combine different exercise modes, 
durations and intensities to examine the acute 

effects of exercise on subjective pain symptoms 
(i.e., VAS pain), clinical inflammatory markers 
(i.e., CRP) and inflammatory cytokines (i.e., IL-6 
and TNF-α).
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