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Abstract  

Aim 

To examine the effect of exercise training programmes with aerobic components on C-

reactive protein, erythrocyte sedimentation rate and self-assessed disease activity in 

people with ankylosing spondylitis compared to non-aerobic rehabilitation.  

Methods 

A systematic review was undertaken of PubMED, Cochrane Library, Embase and Web 

of Science databases. Articles evaluating the effect of exercise training programmes 

with aerobic components on C-reactive protein, erythrocyte sedimentation rate or Bath 

Ankylosing Spondylitis Disease Activity Index (BASDAI) in adults (>17 years) with 

ankylosing spondylitis were included. Control groups were defined as non-aerobic 

rehabilitation, including usual care or physiotherapy. 

Results 

Thirteen articles met inclusion criteria for qualitative and meta-analysis, involving 366 

participants undertaking exercise and 361 controls. Exercise programmes included 

modalities such as running, aerobic walking and swimming, and were between three 

weeks and three months in duration. Exercise programmes significantly reduced C-

reactive protein (weighted mean difference [WMD]: -1.09; 95% CI: -2.08 to -0.10; 

p=0.03; n=5) and the BASDAI (WMD: −0.78; 95% CI: −0.98 to -0.58; p<0.001; n=13) 

compared to non-aerobic rehabilitation. BASDAI subgroup analysis revealed greater 

improvements compared to usual care than structured physiotherapy. Exercise 

programmes did not reduce erythrocyte sedimentation rate (WMD: 0.16; 95% CI: -2.15 

to 2.47; p=0.89; n=4). 



Conclusion 

Exercise training programmes with aerobic components reduced C-reactive protein and 

improved self-assessed disease activity in people with ankylosing spondylitis. Further 

research is required to investigate the effects of differing aerobic exercise modes, 

intensities and durations. 

Key words 

Inflammation, arthritis, pain, fatigue, physical activity. 

1 – Introduction 

Ankylosing spondylitis (AS) is a chronic rheumatic condition characterised by 

inflammation of the spinal vertebrae and sacroiliac joints.1 Associated with the human 

leukocyte antigen B27 positive rate in worldwide populations, estimates of prevalence 

range between 18.6 to 39.9 cases per 10,000 people depending on geographical region.2 

AS is more common in males with an estimated ratio of 2:1,3 with symptoms including 

pain and fatigue and advanced cases resulting in spinal ankylosis.3 AS has also been 

associated with comorbidities such as cardiovascular and cerebrovascular disease,4 

factors contributing to an increased mortality hazard ratio of 1.6.5  

The aetiology and pathogenesis of AS are thought to involve a combination of factors 

including microbiota imbalance and endocrinal abnormity, resulting in the injurious 

overproduction of pro-inflammatory cytokines.6 Whilst there is no cure for AS, the 

reduction of inflammatory biomarkers C-reactive protein (CRP) and erythrocyte 

sedimentation rate (ESR) is considered important for rehabilitative progression, being 

positively associated with both disease severity7 and the self-reported Bath Ankylosing 

Spondylitis Disease Activity Index (BASDAI).8.9 Pertinently, aerobic exercise has been 

evidenced to reduce CRP within healthy middle-aged and older adults,10 while 



observational studies have shown inverse associations between inflammatory 

biomarkers and aerobic fitness in healthy men.11 Aerobic exercise could potentially 

therefore be an important adjuvant therapy for people with AS. However, exercise 

recommendations for people with AS12 are ambiguous, with no guidance on factors such 

as mode, intensity or duration – advice that reflects the equivocality of existing 

evidence. Two recent systematic reviews13,14 along with a 2019 Cochrane review,15 

concluded that exercise training programmes did not reduce levels of CRP or ESR 

compared to usual care, although seemingly incongruently, measures of the BASDAI 

improved. These reviews however, synthesised all modes of exercise including aerobic, 

range of motion and resistance training, quantitatively analysing and basing conclusions 

on heterogenous exercise programmes. More relevantly, a further meta-analysis16 

examined the effects of aerobic exercise on CRP and the BASDAI in people with AS, 

finding no improvement compared to physiotherapy. However, only studies that 

monitored intervention exercise intensity were eligible for inclusion, resulting in the 

omission of several otherwise germane studies that did not assess this factor. 

Consequently, evidence regarding the effects of aerobic exercise on inflammation and 

disease activity remains inconclusive.  

    Therefore, the current systematic review and meta-analysis aims to comprehensively 

evaluate and quantify the effect of exercise training programmes with aerobic 

components on CRP, ESR, and the BASDAI in people with AS compared to non-

aerobic rehabilitative control groups.  

2 – Methods  

This review was reported in accordance with Preferred Reporting Items for Systematic 

Review and Meta-Analyses (PRISMA)17 recommendations, (PRISMA checklist, 



Appendix A). A summary of review protocol was registered in PROSPERO, 

registration number CRD42021244678.  

2.1 – Searches 

A systematic literature search of PubMed, Web of Science, Cochrane Library and 

Embase databases from inception to March 27th, 2021, was undertaken to identify 

original articles and review papers. Search terms were formulated with reference to the 

PICO model (Population, Intervention, Comparison, Outcomes). To maximise search 

sensitivity and ensure that no relevant results were missed, it was decided not to include 

terms relating to comparators and outcomes. Key phrases for database screening were; 

ankylosing spondylitis + exercise; axial spondyloarthritis + exercise; ankylosing 

spondylitis + physical activity; axial spondyloarthritis + physical activity. Backwards 

and forward citation chasing was also undertaken with identified reviews from 2018 

onwards.13-16 

2.2 – Article type  

Included articles were randomised and non-randomised controlled trials, fully published 

in English language. Pilot studies were included if participants received exercise and 

control group allocation. All types of grey literature were excluded.  

2.3 – Participants 

Eligible participants were aged 18 and above, described as having AS or radiographic 

axial spondyloarthritis (r-axSpA) as diagnosed by either the modified New York AS 

criteria, or Axial Spondyloarthritis and AS criteria. Studies including participants with 

non-radiographic axial spondylitis were included if combined with AS or r-axSpA 

participants.  



2.4 – Interventions 

Exercise programmes of at least two weeks in duration that focused solely on aerobic 

exercise, or that included aerobic exercise as part of a broader programme, were 

included. There were no restrictions on programme mode, intensity and frequency. 

Combined interventions with non-physical activity components were excluded, for 

example cryotherapy with exercise. Comparators were defined as non-aerobic 

rehabilitation, including no intervention, usual care or comparative programmes of 

physiotherapy / flexibility exercises.  

2.5 – Outcomes 

Studies measuring changes in systemic inflammatory biomarkers C-reactive protein 

(mg/l) and erythrocyte sedimentation rate (mm/h) were included due to their positive 

association with disease activity9 and severity.7 Patient assessed disease activity was 

quantified using the BASDAI composite self-report questionnaire (0-10). The BASDAI 

contains 6 questions answered on a 10 cm visual analogue scale, pertaining to pain in 

the spine and peripheral joints, fatigue and stiffness. BASDAI scores of >4 indicate 

suboptimal disease management,18 with the minimum clinically significant change 

evidenced to be 1.1.19 

2.6 – Search strategy 

Following identification of articles through database searches and removal of 

duplicates, titles and abstracts were screened, and full texts examined if appropriate. 

Titles, abstracts and full texts were analysed by two researchers independently. A third 

researcher was designated to resolve disagreements regarding study inclusion, but was 



not required. The search strategy was managed using Mendeley desktop software 

version 1.19.8. 

2.7 – Data extraction  

Data extraction consisted of the following for each study; lead author and date, aspects 

of study design including trial type, exercise mode, duration, frequency and length of 

intervention and control group activities. Participant characteristics were sample size, 

age, sex, pharmacotherapy and classification criteria. Mean / standard deviation for all 

outcome measures pre and post intervention were extracted for both exercise group and 

comparator, along with statistical analysis procedures. 

2.8 – Bias assessment 

Methodological quality of studies was assessed independently by two researchers using 

the Physiotherapy Evidence Database (PEDro) Scale. Based on the Delphi list,20 the 

PEDro scale is evidenced to be a valid quality assessment tool for physical therapy and 

exercise trials.21 The PEDro scale is a checklist of 10 questions pertaining to internal 

validity, assessing factors such as randomisation, blinding, key outcomes and intention- 

to-treat analysis, with a further item considering external validity not included in the 

final calculation. A higher PEDro score indicates greater quality. Items 5 (subject 

blinding) and 7 (assessor blinding) were deemed non-applicable within the present 

study given the nature of the intervention, therefore a score of 8 was considered highest 

quality and lowest risk of bias.  

2.9 – Data analysis 

A systematic evaluation was undertaken involving factors such as study characteristics, 

methodology and individual study results, followed by meta-analysis. Quantitative 



analysis involved calculation of mean pre to post intervention changes for each study 

and outcome. This method was chosen in preference to comparison of final values to 

remove between-person variability. Changes in standard deviation were calculated by 

applying an imputed correlation coefficient followed by sensitivity analysis. Where 

reported, median values were analysed as mean. For studies that contained two relevant 

exercise groups and a suitable comparator, exercise group scores were combined with 

the formula presented in the Cochrane Handbook of Systematic Reviews.22 

    Meta-analysis was undertaken for all outcomes with pooled data using an inverse 

variance weighting method (one divided by the standard error squared) with a fixed 

effects model. This established weighted mean differences (WMD) and 95% confidence 

intervals (95% CI) between exercise and control groups. A fixed effects model was 

chosen a-priori due to expected clinical homogeneity (similar participants and outcome 

measures). RevMan version 5.4 was used to perform statistical analysis and produce 

forest plots, with P <0.05 considered statistically significant. I2 values (%) were 

calculated and interpreted according to the thresholds suggested in the Cochrane 

Handbook of Systematic Reviews;22 0% to 40% might not be important, 30% to 60% 

may represent moderate heterogeneity, 50% to 90% substantial heterogeneity and 75% 

to 100% considerable heterogeneity. Heterogeneity was further explored using 

subgroup analysis to establish potential effects of comparator and exercise programme 

duration. Sensitivity analysis was undertaken by repeating meta-analyses with a random 

effects model for main outcomes CRP, ESR and BASDAI, and also by removing 

studies with high risk of bias. Publication bias was assessed with visual funnel plot 

examination.  

3 – Results 



3.1 – Study identification and selection  

2960 articles were identified through database searches, and one additional article was 

identified from manual searches of retrieved review papers. Following removal of 

duplicates, 2187 articles were screened. 104 underwent full text examination after 

reviewing titles and abstracts, with 13 original articles meeting inclusion criteria for 

qualitative and quantitative analysis. A PRISMA flow chart of literature identification, 

screening and reasons for exclusion can be seen in Figure 1.  

  



Figure 1 – Flow diagram of literature identification, inclusion and reasons for 

exclusion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 – Study / participant characteristics (Table 1) 

Of the 13 included articles, 10 were randomised controlled trials,23-32 two were non-

randomised controlled trials,33,34 and one was a randomised pilot study with exercise 

and control group allocation.35 Six studies involved aerobic exercise uniquely in the 



form of aerobic walking29, running,26,31 swimming / aerobic walking,23 running / Nordic 

walking,25 and exergaming.30 Three studies combined aerobic exercise (high-intensity 

interval training [HIIT]),32,35 and walking / cycling / swimming28) with strengthening 

exercises, while one study27 combined aerobic aquatic and flexibility exercises. The 

remaining studies combined aerobic exercise (treadmill running,24,33 and cycling / 

aerobic walking34) with both strengthening and flexibility exercises. Non-aerobic 

rehabilitative control groups comprised of usual care / treatment, no intervention and / 

or physiotherapy. Seven studies23,26-29,31,33 included structured physiotherapy / range of 

movement exercises within the control group. All studies reported measurements of the 

BASDAI, while five included measurements of CRP26,28,29,32,35 and four ESR.28,29,32,35 

Biomarker measurement procedure was described in three studies,29,32,35 with blood 

samples undertaken according to “laboratory policy”32 or “standard techniques,”29 with 

one study35 reporting undertaking ESR measurements with the Westergren method. One 

study35 reported taking blood samples between 14 and 48 hours after final exercise, and 

two after four hours of fasting.32,35  

    Duration of exercise programmes ranged from three weeks to three months, with the 

most common duration being 12 weeks. Exercise duration and frequency ranged 

between 30 minutes twice weekly26 to 60 minutes five times weekly.27 Aerobic exercise 

intensity was monitored in eight studies23,26,28,29,31-33,35 ranging between 55-85%31 and 

90-95% (interval protocol)32,35 maximum heart rate. All exercise programmes were 

described as supervised either fully or in part, generally by qualified physiotherapists, 

with compliance to unsupervised elements commonly monitored through telephone 

communication or participant logs. Exercise programmes took place in a variety of 

settings including homes,24,28,33,34 hospitals,34,35 fitness centres,32,33 swimming 



pools23,27,28 and unspecified outdoor locations.23,26,29 

    Studies involved 727 participants, of which exercise groups consisted of 366, and 

control groups 361. The minimum study sample size was 19 participants28 (nine 

exercise, 10 controls), while the maximum was 106 participants26 (53 exercise, 53 

controls). Pharmacotherapy received by participants included tumour necrosis factor 

inhibitor therapy in ten studies,24-27,29-32,34,35 disease modifying anti-rheumatic drugs in 

six,23,25,27-30 and non-steroidal anti-inflammatory drugs in eight.25,27,28,30-33,35 Two 

studies,29,31 also included participants receiving corticosteroid treatment. Only two 

studies32,35 included participants meeting the Axial Spondyloarthritis and AS criteria, 

with the remaining the modified New York criteria. All studies included both male and 

female participants, with a higher percentage of female participants in three 

studies.31,32,35  

 

 

 

 

 

 

 

 

 

 

 

 



Study Participants Intervention 

Author, 

date 
Type PEDro 

Quality 

score 

Outcomes Group 

allocation, 

number, mean 

age (SD) 

Gender 

ratio % 

female 

Medical 

therapy 
Classification 

criteria 
Exercise type / 

intensity 
Duration / 

frequency / 

setting 

Comparator 

Karapolat 

et al. 2009 
RCT 5 BASDAI EG 1: n=13, 

50.2 (±12.4) 
EG 2: n=12, 

46.9 (±13.4) 
CG: n=12, 48.4 

(±9.5) 

EG 1, 

27.0 
EG 2, 

70.4 
CG, 

66.7 

DMARDS NYC EG1 - 

Freestyle 

swimming. 

EG2 - Aerobic 

walking (60-

70% HR max) 

6 weeks, 30 

minutes 

thrice 

weekly. Pool 

/ outdoor 

Usual care 

with ROM 

Gunendi et 

al. 2010 
NRCT 4 BASDAI EG: n=16, 45.6 

(±12.4) 
CG: n=16, 43.4 

(±12.0) 

EG, 

18.8 
CG, 

31.3 

NSAIDS NYC Treadmill (60-

80% HR max), 

strengthening, 

flexibility 

3 weeks, 5 

times 

weekly. 

Gym / home 

Physiotherapy 

Masiero et 

al. 2011 
RCT 6 BASDAI EG: n=20, 47.5 

(±18.0) 
CG: n=22, 47.5 

(±12.6) 

EG, 

25.0 
CG, 

18.2 

TNF-I NYC Cycling / 

treadmill 

running and 

walking 

strengthening 

and  flexibility 

2 months, 60 

minutes 

twice 

weekly. 

Home + 

unspecified 

setting 

No 

intervention 

Kjeken et 

al. 2013 
RCT 6 BASDAI EG: n=46, 49.4 

(±10.3) 
CG: n=49, 48.6 

(±9.4) 

EG, 

21.7 
CG, 

46.9 

NSAIDS 
DMARDS 
TNF-I 

NYC Moderate – 

high intensity 

interval 

running / 

walking 

3 weeks, 2 

hours thrice 

weekly. 

Unspecified 

setting 

Usual 

treatment 

Niederman 

et al. 2013 
RCT 7 CRP / 

BASDAI 
EG: n=53, 50.1 

(±11.9) 
CG: n=53, 47.6 

(±12.4) 

EG, 

36.0 
CG, 

36.0 

29% 

TNF-I 
NYC Cardiovascular 

training – 

Aerobic 

walking (65-

85% HR max) 

12 weeks, 30 

mins, twice 

weekly. 

Outdoor 

Usual care  / 

ROM 

Table 1 – Study characteristics 



Masiero 

et al. 

2014 

NRCT 5 BASDAI EG: n=22, 49.1 

(±11.8) 
CG: n=23, 46.2 

(±10.3) 

EG, 20.0 
CG, 9.1 

TNF-I NYC Cycling / 

walking 

strengthening 

and flexibility 

6 weeks, 60 

minutes twice 

weekly. 

Home / 

unspecified 

setting 

Usual 

treatment 

Sveass 

et al. 

2014 

RPS 6 CRP / 

ESR / 

BASDAI 

EG: n=10, 46.6 

(±13.6) 
CG: n=14, 49.9 

(±11.1) 

EG, 80.0 
CG, 29.0 

NSAIDS 
TNF-I 

ASAS High intensity 

interval training 

(90-95% HR 

max, 4x4 

minute bouts 

interspersed 

with 3 minutes 

active rest) + 1 

day endurance 

12 weeks, 50 

minutes, 

thrice weekly. 

Hospital 

Usual 

treatment 

Jennings 

et al. 

2015 

RCT 7 CRP / 

ESR / 

BASDAI 

EG: n=35, 42.9 

(±9.9) 
CG: n=35, 40.2 

(±9.3) 

EG, 34.6 
CG, 52.1 

CS 
DMARDS 
TNF-I 

NYC Aerobic 

walking 

(anaerobic 

threshold 

heartrate) 

12 weeks, 80 

mins, thrice 

weekly. 

Outdoor 

Usual care / 

ROM 

Dundar et 

al. 2014 
RCT 7 BASDAI EG: n=35, 42.3 

(±11.3) 
CG: n=34, 43.1 

(±11.7) 

EG, 

16.7 
CG, 

20.7 

NSAIDS 
DMARDS 
TNF-I 

NYC Aerobic 

aquatic 

exercises / 

ROM 

4 weeks, 60 

minutes 5 

times 

weekly. Pool 

Physiotherapy 

Hsieh et 

al. 2014 
RCT 6 CRP / 

ESR / 

BASDAI 

EG: n=9, 36.2 

(±11.7) 
CG: n=10, 42.1 

(±8.8) 

EG, 

50.0 
CG, 

42.9 

NSAIDS 
DMARDS 

NYC Fast walking, 

swimming, 

cycling, (50-

80% VO2 

peak) + 

strengthening 

3 months, 5 

times 

weekly. 

Home / pool 

ROM  



Karahan 

et al. 

2016 

RCT 6 BASDAI EG: n=28, 36.1 

(±12.4) 
CG: n=29, 36.6 

(±11.3) 

EG, 25.0 
CG, 30.4 

NSAIDS 
DMARDS 
TNF-I 

NYC Aerobic 

“Exergaming” 
8 weeks, 30 

minutes, 5 

times weekly. 

Unspecified 

setting 

No 

intervention 

Basakci 

et al. 

2020 

RCT 4 BASDAI EG: n=17, 46.6 

(±11.9) 
CG: n=14, 42.9 

(±11.1) 

EG, 52.9 
CG, 71.4 

NSAIDS 
TNF-I 
CS 

NYC Treadmill 

running (55-

80% HR max) 

12 weeks, 40 

minutes thrice 

weekly. 

Unspecified 

setting 

Usual care 

with ROM  

Sveaas 

et al. 

2020 

RCT 7 CRP / 

ESR / 

BASDAI 

EG: n=50, 45.1 

(±11.5) 
CG: n=50, 47.2 

(±11.3) 

EG, 50.0 
CG, 56.0 

NSAIDS 

TNF- I 
ASAS High intensity 

interval training 

(90-95% HR 

max, 4x4 

minute bouts 

interspersed 

with 3 minutes 

active rest) + 1 

day running / 

cycling 

3 months, 50 

minutes thrice 

weekly. 

Hospital / 

fitness centre 

Usual care 

Abbreviations: RCT – Randomised controlled trial; NRCT – Non-randomised controlled trial; RPS – Randomised pilot study; PEDro – Physiotherapy evidence database; BASDAI – 

Bath Ankylosing Spondylitis Disease Activity Index; CRP – C-reactive protein; ESR – Erythrocyte sedimentation rate; EG – Exercise group; CG – Control group; NSAIDS – Non-

steroidal anti-inflammatory drugs; DMARDS – Disease modifying anti-rheumatic drugs; TNF-I – Tumour necrosis factor inhibitor; CS – corticosteroid;;  NYC – New York criteria; 

ASAS – Axial spondyloarthritis and ankylosing spondylitis criteria; ROM – Range of Motion 
 

  



3.3 – Quality assessment; PEDro scale (Table 2) 

 

Overall, four studies were rated as having low risk of bias (7-8 points),26,27,29,32 seven as 

having moderate risk (5-6 points)23-25,28,30,34,35 and two studies as having high risk (0-4 

points).31,33. The most common methodological limitations were lack of genuine 

intention-to-treat analysis (defined as all participants initially allocated to groups were 

included in statistical analysis) and lack of therapist blinding. Additionally, three 

studies23,25,31 failed to obtain key outcomes for 85% of participants, while three did not 

conceal group allocation.31,33,34 All studies showed no significant participant differences 

at baseline for either outcome, and included point estimates and variability in the form 

of mean and standard deviation or median and range / inter-quartile range. Only one 

study33 did not undertake between group statistical comparisons. Further common study 

limitations included lack of a-priori power calculation for the sample size, potentially 

increasing the possibility of type II error, while studies commonly failed to control for 

external exercise participation. Generally, study quality did not vary with publication 

date. Overall, evidence was deemed to be of moderate to good quality, with a mean 

PEDro score of 5.8 / 8. 

  



 

 

  

Eligibility 

Specified 

† 

Randomised Allocation 

concealed 
Comparable 

at baseline 
Subjects 

blinded 

‡ 

Therapist 

blinded 
Assessor 

blinded 

§ 

Key 

outcomes 

obtained 

for 85% 

Intention 

to treat 

analysis 

Between 

group 

comparisons 

Point 

estimates 

and 

variability 

Total 

/ 8 

Karapolat 

et al. 2009 Yes 1 1 1 N/A 0 N/A 0 0 1 1 5 

Gunendi et 

al. 2010 Yes 0 0 1 N/A 0 N/A 1 1 0 1 4 

Masiero et 

al. 2011 Yes 1 1 1 N/A 0 N/A 1 0 1 1 6 

Kjeken et 

al. 2013 Yes 1 1 1 N/A 0 N/A 0 1 1 1 6 

Niederman 

et al. 2013 Yes 1 1 1 N/A 0 N/A 1 1 1 1 7 

Dundar et 

al. 2014  Yes 1 1 1 N/A 0 N/A 1 1 1 1 7 

Hsieh et 

al. 2014 Yes 1 1 1 N/A 0 N/A 1 0 1 1 6 

Masiero et 

al. 2014 Yes 0 0 1 N/A 0 N/A 1 1 1 1 5 

Table 2 – PEDro scale quality assessment  

Table to show itemised study quality assessment using the PEDro quality scale. 0 = item not present; 1 = item present; N/A = non-

applicable. Higher total scores indicate lower risk of bias. 



Sveass et 

al. 2014 Yes 1 1 1 N/A 0 N/A 1 0 1 1 6 

Jennings 

et al. 2015 Yes 1 1 1 N/A 0 N/A 1 1 1 1 7 

Karahan et 

al. 2016 Yes 1 1 1 N/A 0 N/A 1 0 1 1 6 

Basakci et 

al. 2020 Yes 1 0 1 N/A 0 N/A 0 0 1 1 4 

Sveass et 

al. 2020 Yes 1 1 1 N/A 0 N/A 1 1 1 1 7 

† Item 1 not included in final score calculation / ‡ Non-applicable for exercise interventions / § BASDAI – self-report outcome measure / 

biomarkers 

  



3.4 – Effect of exercise on inflammatory biomarkers 

Only one study32 reported a beneficial effect of exercise programmes on CRP compared 

to a control group (usual care [median difference -1 mg/l, p=0.041]) following analysis 

of covariance. No studies reported improvements in ESR; although universally neither 

CRP nor ESR were exacerbated. All five studies scored at least 6 / 8 on the PEDro 

scale, indicating the evidence regarding biomarkers to be of good quality. Meta-analysis 

was undertaken to explore the effects of exercise on CRP and ESR (Figure 2). Results 

indicated a significant effect of exercise on CRP (WMD: -1.09; 95% CI: -2.08 to -0.10; 

p=0.03; n=5), but no significant effect on ESR (WMD: 0.16; 95% CI: -2.15 to 2.47; 

p=0.89; n=4). 

  



Figure 2 – Meta analysis: Effect of exercise on CRP and ESR 

 

 

 

 

 

 

 

 

 

 

3.5 – Effect of exercise on self-assessed disease activity - BASDAI 

Of the 13 studies reporting pre and post intervention measures of the BASDAI, five25,30-

32,35 evidenced improvements compared to non-aerobic rehabilitation. One study with 

two parallel exercise groups23 reported improvements in group 1 (swimming), compared 

to controls, but not group 2 (aerobic walking). However, when combined there was no 

significant improvement. Meta-analysis (Figure 3) evidenced that exercise programmes 

with aerobic components reduced BASDAI scores (WMD: -0.78; 95% CI: -0.98 to -

0.58; p<0.001; n=13) compared to non-aerobic rehabilitation. Substantial study 

heterogeneity was observed (I2=72%, p<0.001).  

 



3.5.1 – BASDAI subgroup analysis 

BASDAI comparator subgroup analysis (Figure 3) suggested a statistically significant 

subgroup effect (I2=90.6%; p=0.001) indicating exercise training programmes yielded 

greater BASDAI improvements compared to no physiotherapy (usual care / treatment / 

no intervention) than to structured physiotherapy. Although exercise training 

programmes showed BASDAI improvements against both comparators, exercise 

compared to no physiotherapy demonstrated improvements of near clinical significance 

(WMD: -1.06; 95% CI: -1.33 to -0.80; p<0.001; n=6). Unexplained substantial 

heterogeneity (I2=76%; p=0.0004) remained within the structured physiotherapy 

comparator group. Further analysis evidenced no subgroup effect for programme 

duration (<12 weeks / ≥12 weeks [I2=0%; p=0.55]), although significant heterogeneity 

remained in both subgroups (Appendix B). 

 

 

 

 

  



Figure 3 – Meta analysis: Effect of exercise on the BASDAI / BASDAI subgroup 

analysis – comparator 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3.6 – Sensitivity analysis 

Repeated meta-analysis with a random effects model was undertaken for main outcomes 

CRP, ESR and the BASDAI. Results evidenced larger confidence intervals in the 

presence of study heterogeneity than the fixed effects model. However, the inference 

from results was similar for both methods. Additionally, BASDAI meta-analysis was 

repeated, removing studies deemed to be at high risk of bias. Results indicated a 

reduced, but still significant effect of exercise (WMD: -0.66; 95% CI: -0.88 to -0.44; 

p<0.001; n=10). 

3.7 – Publication bias 

Visual funnel plot analysis (Figure 4) demonstrated no asymmetry that would indicate 

publication bias. 

 Figure 4 – Funnel plot to evaluate publication bias 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 – Discussion 

This study provides evidence that exercise training programmes with aerobic 

components reduce CRP and self-assessed disease activity in people with AS, compared 

to non-aerobic rehabilitation. Similar reductions however were not evidenced in ESR. 

CRP / ESR 

Despite four out of five studies not evidencing significant improvements,26,28,29,35 pooled 

data meta-analysis revealed that aerobic exercise programmes significantly reduced 

levels of CRP in people with AS. These results are congruent with studies involving 

healthy populations10,36 that have evidenced aerobic exercise training related CRP 

reductions.  However, results contrast previous meta-analyses of people with AS, 13,14,15 

that combined a variety of exercise training modalities and found no CRP 

improvements. Therefore, the inclusion of only programmes with aerobic components 

would appear to be of importance. A single aerobic exercise session can stimulate acute 

transient increases in the plasma levels of inflammatory cytokines such as Interleukin-6 

(IL-6)36. IL-6 is considered to be an important stimulus for the hepatic synthesis of 

CRP37 and is highly associated with the pathogenesis of inflammatory conditions.38 

However, long-term aerobic exercise training is theorised to reduce both this acute 

inflammatory response, and also IL-6 basal levels.36 Perandini et al39 examined the 

inflammatory effects of a 12-week aerobic exercise programme in people with systemic 

lupus erythematosus. It was found that exercise training reduced resting levels of IL-6, 

tumour necrosis factor alpha and interleukin-10, and blunted acute inflammatory 

responses. Within the same population, Barnes et al.40 evidenced that levels of pro-

inflammatory cytokines were lower in more physically active patients.  Whilst this 

evidence is of importance to people with inflammatory conditions, it is unclear whether 



exercise related reductions in inflammatory cytokines were a consequence of 

ameliorated underlying pathological mechanisms, or other factors such as reduced 

adipose tissue.37 With regard to AS, current evidence of the effects of aerobic exercise 

on IL-6 is limited, but constitutes a valuable area for further research. 

     It should also be noted, that due to ambiguous reporting of blood sample collection 

timing in studies within this review, acute cytokine responses could have influenced 

post-intervention CRP and ESR measurements. Acute inflammatory responses can take 

up to six days to return to baseline following exercise.36 Therefore, any premature 

measurements could have led to erroneous results. 

    Additionally, aerobic exercise modality could have partially counterbalanced 

potential anti-inflammatory mechanisms. All five studies that measured inflammatory 

outcomes included either increased intensity walking or treadmill running. Increased 

mechanical stress has been evidenced to induce spondyloarthritis in tumour necrosis 

factor transgenic models,41 and could possibly play a role in the onset and inflammatory 

progression of human spondyloarthritis.42 Non-weight bearing aerobic exercise training 

programmes such as swimming, therefore, could offer even greater anti-inflammatory 

benefit. Interestingly, one study23 that compared both swimming and aerobic walking to 

a control group, evidenced self-assessed disease activity improvements in only the 

aquatic group. Unfortunately however, inflammatory measurements were not also 

undertaken. 

    Despite the reductions in CRP, similar improvements in ESR were not found. 

However, similar discordance between CRP and ESR has been evidenced in people 

with various inflammatory health conditions, attributed to differences in cytokine 

stimulation and factors such as gender, adiposity, smoking and alcohol consumption.43 



Furthermore, while regular physical activity in the general population has been 

consistently negatively correlated with CRP, this relationship with ESR has yet to be 

convincingly established.44 Congruently, interventional exercise studies with both 

healthy and clinical populations have generally reported inconclusive results regarding 

the effects of exercise on ESR.37 

BASDAI     

This study also revealed BASDAI improvements of near clinical significance.19 As an 

evidenced positive correlate of inflammatory biomarkers9, improvements could have 

been a consequence of reduced CRP. However, due to only one study32 evidencing 

improvements in both BASDAI and CRP, it should be considered that a number of 

additional factors could have been influential. Aerobic exercise has been evidenced to 

reduce fatigue in people with rheumatoid arthritis, theorised to be a result of increased 

aerobic capacity.45 As aerobic capacity is integral to physical fitness and human 

functioning, the consequent reduction in fatigue would appear to be a justifiable 

hypothesis. However, studies that measured both aerobic capacity and the BASDAI in 

people with AS26,28,29,31,32,35 did not universally report contemporaneous improvements. 

Therefore, more evidence is required to substantiate this potential association. 

Additionally, aerobic exercise has been theorised to reduce pain and fatigue in people 

with AS through stimulated interaction between opioid and serotonergic mechanisms, 

thereby promoting analgesia,46 while changes in existing comorbidities such as 

fibromyalgia or ulcerated colitis could also have been influential.  

    BASDAI reductions could also have been influenced by exercise improving general 

wellbeing through affective response. Relevant hypotheses in this area include 

improved capacity to cope with stressful situations,47 and opportunities for social 



interaction and enjoyment.48 Subgroup analysis indicating no dose response for exercise 

programme duration would appear to substantiate these psychological hypotheses. In 

agreement, previous reviews13-15 have commonly evidenced BASDAI improvements 

following various exercise modes, durations and intensities. It would seem possible 

therefore, that BASDAI improvements may not be solely dependent on exercise mode 

or dose, but simply participation. Furthermore, comparator analysis evidenced greater 

improvements in participants not undertaking structured physiotherapy sessions. As 

physiotherapy has been evidenced to reduce BASDAI measurements in people with AS, 

possibly through the reduction of functional impairment,49 exercise having a lesser 

effect on people already undertaking this form of rehabilitation is unsurprising. It is 

encouraging however, that aerobic exercise appears to offer additional benefit.  

Study limitations  

This study provides the most specific evidence to date regarding the effects of aerobic 

exercise training on CRP and the BASDAI in people with AS. However, more explicit 

conclusions regarding mode, duration and intensity cannot be delineated due to 

methodological heterogeneity, combined exercise programmes and relative paucity of 

literature. Particularly, the number of studies within this review that measured 

inflammatory parameters was limited. Nevertheless, these studies were all deemed to be 

of low risk of bias, indicating the evidence to be good quality. Additionally, the 

inclusion of the BASDAI as a measure of disease activity could be debated, due to the 

generally accepted susceptibility of self-reported outcome measures to various forms of 

bias including selective recall and social desirability. 

Implications for clinical practice  

BASDAI improvements of near clinical significance along with CRP reductions 



indicate that aerobic exercise training should be considered for people with AS, 

although the mechanisms by which these benefits occur are not yet clearly defined. 

Given that cardiovascular disease is an associated comorbidity of AS,4 and that aerobic 

exercise has been evidenced to reduce cardiovascular risk factors in healthy 

populations,50 the prescription of aerobic exercise as an adjuvant therapy would seem to 

be of importance. However, whilst results of this study are encouraging with regard to 

the safety of this form of exercise training, preceding examination of potential adverse 

effects and events should be undertaken.  

Implications for future research 

Methodologically sound studies are required to evidence the effects of differing aerobic 

exercise training modes, intensities and durations, including non-weight bearing 

exercise on inflammatory markers and clinical parameters. To this end, due to the 

encouraging, as yet limited evidence of the effects of HIIT on people with AS,32,35 

future research would be advised to further examine the potential benefits of this form 

of exercise. Additionally, studies examining the potential mechanisms by which aerobic 

exercise can reduce inflammation in people with AS are recommended.  

5 – Conclusion 

Exercise training programmes with aerobic components reduced CRP and improved 

self-assessed disease activity in people with AS. More quality studies are required to 

examine the effects of differing aerobic exercise modes, intensities and durations to 

further elucidate these benefits. 
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