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Effect of exercise training on heath, quality @
of life, exercise capacity in juvenile idiopathic
arthritis: a meta-analysis of randomized

controlled trials

Wen-yu Liu"?, Hui-min Li%, Hao Jiang" and Wen-kui Zhang®*’

Abstract

Objective Little is known about the efficacy and safety of exercise training on juvenile idiopathic arthritis (JIA). This
study aims to investigate the effect of exercise on health, quality of life, and different exercise capacities in individuals
with JIA.

Method A comprehensive search of Medline, Embase, Web of Science, and the Cochrane Library was conducted
from database inception to October, 2023. Included studies were randomized controlled trials (RCTs) reporting the
effects of exercise on JIA patients. Two independent reviewers assessed the literature quality using the Cochrane
Collaboration’s risk of bias tool. Standardized mean differences (SMD) were combined using random or fixed effects
models. The level of evidence was assessed using the Grading of Recommendations Assessment, Development, and
Evaluation (GRADE) approach.

Result Five RCTs met the inclusion criteria, containing 216 female participants and 90 males. The meta-analysis
results showed that exercise had no significant effect on JIA patients based on the Child Health Assessment
Questionnaire (CHAQ) (SMD=-0.32, 95%Cl: -0.83, 0.19; 1°=73.2%, P=0.011) and Quiality of Life (Qol) (SMD=0.27,
95%Cl: -0.04, 0.58; I°=29.4%, P=0.243) and no significant effect on peak oxygen uptake (VO,peak). However, exercise
significantly reduced visual analog scale (VAS) pain scores in JIA patients (SMD =0.50, 95%Cl: -0.90, -0.10; 12=50.2%,
P=0.134). The quality of evidence assessed by GRADE was moderate to very low.

Conclusion Exercise does not significantly affect the quality of life and exercise capacity in JIA patients but may
relieve pain. More RCTs are needed in the future to explore the effects of exercise on JIA.
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Introduction

Juvenile idiopathic arthritis (JIA) is a chronic rheumatic
disease of unknown origin common in children, charac-
terized primarily by onset before the age of 16 years and
duration of more than 6 weeks [1, 2]. The global inci-
dence is estimated at 1.6 to 23 per 100,000, and the global
prevalence is estimated at 3.8 to 400 per 100,000 [3, 4].
JIA presents with symptoms such as arthritic swelling,
pain, and stiffness, leading to limited movement. How-
ever, it is important to note that each subtype of JIA may
exhibit different symptoms [5, 6]. Although some JIA
patients have little or no arthritis pain, it is crucial not to
overlook the condition, as it can lead to severe complica-
tions such as glaucoma, cataracts, and macrophage acti-
vation syndrome [7-9].

Fortunately, there have been significant advancements
in the development of drugs for treating JIA. The typical
treatment approach involves the use of nonsteroidal anti-
inflammatory drugs (NSAIDs) or intra-articular cortico-
steroid injections [2, 10] to conventional anti-rheumatic
drugs (csDMARD.) If these do not work, a biological
DMARD (bDMARD) is considered the next treatment
line [1]. However, medications usually have several side
effects, may be ineffective, and can further exacerbate the
disease, leading to JIA joint damage or even irreversible
disability [11]. Exercise is a physical activity that main-
tains or enhances physical health and is characterized
by a variety of forms, a broad audience, few side effects,
and high operability, and is widely used in various disease
areas such as obesity, cardiovascular disease, chronic
obstructive pulmonary disease, diabetes, osteoporo-
sis, cancer, and low back pain [12-16]. In children with
JIA, the muscles around the affected joints are usually
wasted, leading to low bone density and, consequently,
to osteoporosis in adulthood [17]. Several studies have
shown that exercise, as a “cure-all) is also effective in
JIA, helping to build and maintain healthy bone density,
muscle strength, and joint mobility, enhance immunity,
and improve the quality of life of people with JIA [18, 19].
The above studies overlap in their assertion that exercise
may be a more appropriate step-by-step strategy than
medication.

The impact of exercise on JIA remains unclear due to
conflicting findings in the existing literature. While a
meta-analysis suggested that exercise improves the qual-
ity of life and exercise capacity in people with JIA [20],
another study did not yield similar findings *!. Moreover,
the literature in the former study must be updated, and
some new related studies must be included for further
analysis [21]. Although the latter study included relatively
more literature, some included trials were non-random-
ized controlled trials (RCTs), and the trial control group
was not uniform, which may lead to excessive heteroge-
neity in the study and significantly reduce the accuracy
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of the results [20]. To address these limitations, our study
aims to comprehensively include high-quality RCTs and
provide robust research evidence on the effectiveness of
exercise on quality of life and exercise capacity in JIA.
Our study aims to investigate the effect of exercise on
quality of life and exercise capacity in JIA by integrat-
ing and analyzing high-quality RCTs. In addition, we
systematically described the quality of evidence for the
outcomes of interest and their strength of recommenda-
tion using the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) method [22].

Methods

The review was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [23].

Search strategies

A comprehensive search was conducted in Medline, Web
of Science, Embase, and Cochrane Library databases
from inception until October, 2023. The search was per-
formed using Boolean operators combined with medical
subject terms. The searches for relevant studies on the
effects of exercise and training on juvenile-onset arthritis
were conducted using subject terms such as “child;” “ado-
lescent,” “juvenile-onset arthritis,” “exercise,” and “train-
ing,” as well as free words. Our searches were limited to
English language studies. The search strategy is provided
on page 2 of the Appendix page 1.

Inclusion and exclusion criteria
Studies were included in the meta-analysis if they met the
following criteria:

1. The participants of the studies were children or
adolescents under 19 years of age diagnosed with
JIA by a rheumatologist using standard diagnostic
methods.

2. Interventions included any type of exercise, such as
aerobic, resistance, physical and mental, and multi-
form exercise.

3. The control group received no exercise intervention,
including usual care, relaxation, and wait-list.

4. The outcomes assessed included health-related
outcomes, quality of life-related outcomes, exercise-
related outcomes, and pain, measured before and
after the intervention.

5. The type of study was randomized controlled trials.

The exclusion criteria were as follows:
1. Studies that included additional types of

interventions along with exercise in the intervention
group were excluded.
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2. Complete data could not be obtained in the study.
3. Review articles or experimental protocols were
excluded.

Study selection

To ensure that the studies met the inclusion criteria,
two authors (Wy.L and Hm.L) conducted independent
reviews of all titles, abstracts, and main body sections of
the literature. In cases of disagreement between the two
authors, a third author (Kw.Z) was consulted.

Data extraction, outcome measures

Two independent authors (Wy.L and Hm.L) extracted
relevant information from eligible studies, including
first author, year of publication, participant demograph-
ics (age, sample size), outcomes related to health level,
quality of life, exercise capacity, and aerobic level, and
information on the control group. If these data were
unavailable in the article or additional files, we contacted
the corresponding author to obtain them. When two
authors disagreed on the information extracted, it was
reassessed by a third author (Kw.Z).

Four components were extracted: health level-related
outcomes (CHAQ, Child Health Assessment Question-
naire), quality of life-related outcomes (QoL, Quality of
Life; PedsQL, Pediatric Quality of Life Inventory), exer-
cise-related outcomes (VO,peak, peak oxygen uptake;
6-MWT, 6-min walking test; EPM, Pediatric Escola Pau-
lista de Medicina Range of Motion scale; HRmax, max
heart rate), and pain (VAS, visual analog scale; Swollen
and tender joints). These results were combined into
seven separate categories.

Quality assessment
Two authors independently reviewed the included RCTs
based on the Cochrane Collaboration’s risk-of-bias tool
[24]. Seven risk biases were assessed, including random
sequence generation, allocation concealment, participant
and personnel blinding, blinding of the outcome assessor,
incomplete data, selective reporting, and other sources of
bias. These risks were classified as high, unclear, and low.
To assess the quality of evidence for each meta-anal-
ysis, the GRADE method was used [25]. The quality of
evidence was determined based on the following entries:
risk of bias, inconsistency, indirect evidence, impreci-
sion, and risk of publication bias for each study. The
above entries were graded as high, medium, low, and very
low quality. High-quality evidence implies that further
research is unlikely to substantially alter the confidence
in the estimated effect. Very low quality evidence sug-
gests that confidence in the effect estimate is low.
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Statistical analyses

We conducted a pairwise meta-analysis of studies that
met the inclusion criteria. First, Mean and standard
deviation (SD) values for the baseline and endpoint mea-
surements were extracted from the included studies. If
the required data were unavailable in a study, appropri-
ate methods were used to convert the data into a stan-
dard format [26, 27]. Quantitative pooled analyses were
conducted using either random-effects or fixed-effects
models, depending on the characteristics of the included
studies. Given that different scales were used across stud-
ies to present experimental results, we calculated stan-
dardized mean differences (SMDs) and 95% confidence
intervals (CIs), with P<0.05 indicating significance [24].
The Cochran Q test was used to analyze the presence of
heterogeneity in the study, which was high when I*>50%
or P<0.1 [28]. The combined SMDs were shown in the
forest plot, along with the magnitude of heterogeneity.
Contour-enhanced funnel plots were generated to test
for study publication bias. In addition, the Egger test was
used to check for study bias, with P<0.05 indicating bias
[29, 30]. Use a sensitivity analysis method of deletion one
by one to examine the heterogeneity sources of the study
and test whether different outcomes are stable.

Results

Characteristics of the included studies

Our initial literature search yielded 495 studies. After
excluding duplicate studies (n=128) and irrelevant stud-
ies (n=351), 16 studies remained for abstract assessment.
11 studies were excluded for the following reasons: non-
RCTs (n=3), control groups that did not meet the inclu-
sion criteria (n=4), studies did not provide data available
for analysis (n=3), and mismatch for intervention type
(n=1). Finally, five RCTs were included in our meta-anal-
ysis, and the screening process is shown in Fig. 1.

A total of 306 participants were included in the study,
primarily women (#=216, 70.6%), with a mean age of
8.7-14.9 years. The duration of the intervention was 12
weeks for four studies and 24 weeks for one. All partici-
pants had JIA diagnosed by rheumatologists according
to the criteria used: International League of the Asso-
ciations for Rheumatology or European League of the
Associations for Rheumatology. The studies were from
America (n=2), Europe (n=2), and Asia (n=1). The out-
comes of the four components were grouped into seven
categories of indicators for pooled analysis: CHAQ,
QoL(PQoL, Pediatric Quality of Life Inventory; Qol,
Quality of Life), EPM, VO,peak, 6MWT, HRmax, and
pain (VAS, Visual Analogue Scale; Swollen and tender
joints). Each category may contain a unique test ques-
tionnaire scale or measures, or it may contain different
ones. In addition, no studies reported adverse events.
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Identification of studies via databases and registers
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Fig. 1 Literature review flowchart. RCT, randomized controlled trial. WOS, web of science

Detailed demographic characteristics and other informa-  Quality of the included studies

tion are presented in Tables 1 and 2. Of the five studies included, only 1 study was considered
to be at low risk of bias in random sequence generation,
1 study was at low risk of bias in allocation concealment,
and two studies were at high risk of performance bias. In
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Table 1 Demographic information of the included studies
Author Study Intervention details Participants, Drop Intervention Diagnos-  Region Outcomes
type female (male), age outs duration, tic criteria
single time,
frequency

Sandstedt RCT |G=training programme  1G=25(8), 13.3 IG=5  12weeks, 20 min, ILAR Sweden HRmax
etal, 2013 about AE+RE CG=17(4),14.9 CG=1 3times

CG=non-exercise
Azabetal, RCT IG=npilates exercise IG=12(7),123+1.7 1G=2 12weeks, 25 min, ILAR America CHAQ, VAS,
2022 CG=conventional physi- CG=14(4),11.6+1.5 CG=1 3times VO,peak,

cal therapy HRmax, QoL
GREWAL et  RCT IG=AE IG=35(6),11.5+24 1G=6 12weeks, 50 min, NA Canada CHAQ,
al., 2007 CG=relaxation CG=29(10), CG=5 3times VO, peak, Qol,

11.7+25 EPM
Takken et RCT IG=aquatic exercise IG=16(11),87+23 1G=1 24weeks, 60 min, ILAR or Netherlands CHAQ, Swollen
al., 2003 CG=assessment-only CG=24(3),89+19 (CG=0 T1time EULAR and tender
joints, VO, peak,
O6MWT, EPM

Tarakcietal, RCT |G=land-based home [G=25(18),10.0+34 1G=3 12weeks, ILAR Turkey CHAQ, BMWT,
2013 exercise CG=19(19), CG=8 20-45 min, 4times VAS, PQoL

CG=wait-list 10.8+4.0

Notes 6MWT, six-minute walk test. AE, aerobic exercise. CG, control group. CG, control group. CHAQ, Childhood Health Assessment Questionnaire. EPM, Pediatric
Escola Paulista de Medicina Range of Motion scale. EULAR, European League of the Associations for Rheumatology. HRmax, max heart rate. IG, intervention group.
IG, intervention group. ILAR, International League of the Associations for Rheumatology. min, minute. QoL, Quality of Life. RCT, randomized controlled trial. RCT,

randomized controlled trial. RE, resistance exercise. VAS, Visual Analogue Scale. VO,peak

Table 2 The meta-analysis results of the effect of exercise on juvenile idiopathic arthritis

Outcomes Number Number of participants Pooled effect sizes Heterogeneity
of studies IG cG SMD 95%Cl 12 P

CHAQ 4 124 17 -0.32 (-0.83,0.19) 73.2% 0.011
QoL 3 81 79 0.27 (-0.04,0.58) 29.4% 0.243
EPM 2 62 61 -0.26 (-0.62, 0.09) 0 0.574
VO,peak 3 81 79 0.21 (-0.10,0.52) 17.5% 0.297
6MWT 2 70 65 0.29 (-0.05,0.62) 0 0.741
HRmax 2 39 33 0.77 (-0.26, 1.80) 77.5% 0.035
Pain 3 89 83 -0.50 (-0.90,-0.10) 50.2% 0.134

Notes 6MWT, six-minute walk test. Cl, confidence interval. CG, control group. CG, control group. CHAQ, Childhood Health Assessment Questionnaire. EPM, Pediatric
Escola Paulista de Medicina Range of Motion scale. HRmax, max heart rate. IG, intervention group. IG, intervention group. QoL, Quality of Life. RCT, randomized
controlled trial. SMD, standard mean difference. VO,peak, peak oxygen consumption

addition, three studies were at low risk of detection bias.
Finally, 1 study was considered at high risk of other bias
(Figure S1, S2).

According to the GRADE Working Group evidence
level, the quality of evidence related to pain was mod-
erate, suggesting a reasonable level of confidence in the
effect estimate for pain reduction, indicating that the
true effect is likely to be close to the estimated effect,
although there is still a possibility of significant differ-
ences. The quality of evidence for CHAQ and 6MWT-
related outcomes was low, suggesting limited confidence
in this effect estimate and that the true effect may differ
substantially from the effect estimate. The quality of evi-
dence relating to the quality of life, EPM, VO,peak, and
HRmax was extremely low, suggesting little confidence in
these effect estimates and that the true effect may be sig-
nificantly different from the effect estimate (Table 3).

Outcomes

CHAQ

Four studies reported the results of CHAQ. Meta-anal-
ysis showed no significant improvement in health levels
from exercise compared to the control group (SMD=-
0.32, 95%CI: -0.83, 0.19). I? (73.2%) and Q (11.19, df=3,
P=0.011) statistics highlighted large heterogeneity
between studies (Table 2, Figure S3). Due to the limited
number of studies (less than 10), it was not feasible to
assess publication bias using the funnel plot symmetry
test, limiting the possibility of distinguishing between
chance and true asymmetry.

QoL

A pooled analysis of the three results showed that
exercise did not significantly improve quality of life
(SMD=0.27, 95%CL: -0.04, 0.58). I* (29.4%) and Q (2.83,
df=2, P=0.243) statistics highlighted small heterogeneity
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Table 3 Grading of recommendations assessment, development, and evaluation
Outcomes No of Certainty assessment No of Certainty
studies patients
Study design  Risk of bias  Inconsistency Indirectness  Other IG cG
considerations
CHAQ 4 RCT Not serious Serious (-1) Serious (-1) NO 124 117 s Low
QoL 3 RCT Serious (-1) Serious (-1) Serious (-1) NO 81 79 ®o66  Very Low
EPM 2 RCT Serious (-1) Serious (-1) Serious (-1) NO 62 61 dO66  VerylLow
VO,peak 3 RCT Serious (-1) Serious (-1) Serious (-1) NO 81 79 ®e6o  VeryLow
6MWT 2 RCT Not serious Serious (-1) Serious (-1) NO 70 65 OPeOe Low
HRrate 2 RCT Not serious Very serious (-2)  Serious (-1) NO 39 33 dO6O  Verylow
Pain 3 RCT Not serious Serious (-1) Not serious NO 89 83 DOHD®OS  Moderate

Note 6MWT, six-minute walk test. AE, aerobic exercise. CG, control group. CG, control group. CHAQ, Childhood Health Assessment Questionnaire. EPM, Pediatric
Escola Paulista de Medicina Range of Motion scale. HRmax, max heart rate. IG, intervention group. IG, intervention group. QoL, Quality of Life. RCT, randomized
controlled trial. RCT, randomized controlled trial. RE, resistance exercise. VO,peak, peak oxygen consumption. GRADE Working Group grades of evidence: High
quality: we are very confident that the true effect lies close to that of the estimate of the effect. Moderate quality: we are moderately confident in the effect estimate:
the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. Low quality: our confidence in the effect
estimate is limited: the true effect may be substantially different from the estimate of the effect. Very low quality: we have very little confidence in the effect estimate:

the true effect is likely to be substantially different from the estimate of effect

between studies (Table 2 Figure S4). However, due to the
limited number of studies (less than 10), it was not fea-
sible to assess the asymmetry of the funnel plot.

EPM

Two studies reported on the outcomes of EPM. Our
pooled estimates showed that exercise did not signifi-
cantly improve exercise capacity compared to the control
group (SMD=-0.27, 95CI%: -0.62, 0.09). I* (0.0%) and Q
(2.83, df=2, P=0.243) statistics highlighted very low het-
erogeneity between studies (Table 2, Figure S5). Publica-
tion bias was not assessed (N<10).

VO,peak

Three studies reported the results of VO,peak. The meta-
analysis showed no significant improvement in VO,peak
levels from exercise compared to the control group
(SMD=0.21, 95%CI: -0.10, 0.52). I*> (17.5%) and Q (2.4,
df=2, P=0.297) statistics highlighted large heterogeneity
between studies (Table 2, Figure S6). No test of publica-
tion bias was performed (N<10).

6MWT

Two studies provided data on 6MWT. A pooled analysis
of these two studies showed that exercise did not signifi-
cantly improve 6MW T (SMD=0.29, 95%CI: -0.05, 0.63).
I? (0%) and Q (0.11, df=1, P=0.741) statistics highlighted
very small heterogeneity between studies (Table 2, Figure
S7). No test of publication bias was performed (N<10).

HRmax

Two studies reported the results of HRmax. Our pooled
analysis showed a tendency for the long-term exercise
intervention to increase the maximum heart rate of chil-
dren and adolescents compared to the control group, but
it was not statistically significant (SMD=0.77, 95%CI:

-0.26, 1.80). I? (77.5%) and Q (4.44, df=1, P=0.035) sta-
tistics highlighted very high heterogeneity between stud-
ies (Table 2, Figure S8). No test of publication bias was
performed (N<10).

Pain

Pooled analysis of the three outcomes showed that exer-
cise significantly reduced pain levels (SMD=-0.50, 95%CI:
-0.90, -0.10). I* (50.2%) and Q (4.02, df=2, P=0.134) sta-
tistics highlighted moderate heterogeneity between stud-
ies (Table 2, Figure S9). No test of publication bias was
performed (N<10).

Sensitivity analysis

Due to limitations in the included literature, sensitivity
analyses were conducted for CHAQ, QoL, VO,peak, and
pain. After studies were removed one at a time, all out-
comes were stable (Figure S10-13). However, in the pain
outcome, we found a significant reduction in heterogene-
ity after removing the Tarakei’s study [31], suggesting that
this study may be a source of heterogeneity (Figure S13).

Discussion

To our knowledge, this study is the first to assess exer-
cise’s effect on people with JIA based on high-quality
RCTs. We pooled the results of five randomized con-
trolled trials involving 306 individuals for this study to
comprehensively assess the effect of exercise on quality of
life and exercise capacity in JIA. Interestingly, our find-
ings suggest that exercise did not significantly improve
the exercise capacity, health, and quality of life of people
with JIA compared to controls. However, exercise signifi-
cantly improved pain in JIA. According to the GRADE
method, the quality of the outcome evidence was very
low (very low to moderate), and the results should be
interpreted with caution.
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Quality of life and health status

Two quality-of-life scales were pooled for this study,
including the QoL and PedsQL. The PedsQL is a health-
related QoL (HRQoL) scale for rheumatic diseases
designed to assess health-related quality of life in chil-
dren and adolescents with rheumatic diseases such as
juvenile idiopathic arthritis, systemic lupus erythemato-
sus, and juvenile-type fibromyalgia, high reliability and
validity [32, 33]. Our pooled analysis of QoL and HRQoL
revealed that exercise could improve the quality of life in
JIA, consistent with the literature [21]. JIA often presents
with unique signs and symptoms such as altered body
joint structure, limited range of motion in joints, drowsi-
ness, and fatigue [1, 5]. Lack of exercise and disease-
related disability have certain psychosocial implications,
which may lead to changes in QoL and HRQoL in JIA
[34, 35]. However, exercise can change the body compo-
sition of people with JIA, with a decrease in fat mass and
an increase in bone and lean mass [36], leading to healthy
body composition in people with JIA. Exercise also
increases self-esteem and self-efficacy and improves sleep
quality, thereby increasing QoL in people with JIA [37].
QoL and HRQoL are important factors associated with
personal well-being, and the management of JIA should
focus on the potential benefits of exercise. Although
there was a trend for exercise to improve quality of life
in JIA, the results were not statistically significant, sug-
gesting that the results may change with the inclusion of
new studies. Given the limited evidence, it is essential to
conduct more high-quality RCTs in the future to confirm
the effect of exercise on the quality of life in JIA.

The Child Health Assessment Questionnaire is used
to score a child’s disability on a scale from 0 to 3, with
higher scores representing more severe disability [38].
One of the main findings of the study was the assessment
of CHAQ, and our results suggest that exercise improves
the health status of people with JIA. However, contrary to
a previous study, the difference was not statistically sig-
nificant [20]. Given the limitations of previous research,
we place greater confidence in the results of our study. It
is now understood that exercise can improve the state of
the body in several ways, such as by reducing adiposity,
developing the muscular and cardiovascular systems, and
improving bone density, balance, and coordination [39—
41]. However, exercise did not significantly change the
health status of JIA patients. It is noteworthy that exer-
cise also did not significantly worsen the health status of
JIA patients.

Exercise capacity

Four outcome indicators, VO,peak, 6mwt, EPM, and
HRmax, were used to assess exercise capacity in JIA
patients, with VO,peak, 6mwt, and HRmax showing
similar trends and exercise improving these indicators in
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JIA patients. Interestingly, the magnitude of the benefits
of exercise on these indicators was different, with similar
benefits for VO,peak (SMD: 0.21; 95% CI: -0.10, 0.52) and
6mwt (MD: 0.29; 95% CI: -0.05, 0.62) and the most signif-
icant benefit for HRmax (SMD: 0.77; 95% CI: -0.26, 1.80).
VO,peak has been widely used as an indicator to assess
cardiac health [42]. Usually, the VO,peak increases with
age and maturity [43], and our study demonstrated that
exercise significantly increases the benefits of this pro-
cess through effective heart stimulation in JIA patients.
Theoretical indications suggest that improvements in
HRmax and VO,peak would contribute to an increase
in 6mwt, a commonly used measure of exercise capacity.
Interestingly, our results indicated that the association
between HRmax and 6mwt may be weaker compared to
the association between VO,peak and 6mwt. However,
contrary to expectations, exercise did not lead to a signif-
icant improvement in the Exercise Performance Measure
(EMP) (SMD: -0.26; 95% CI: -0.62, 0.09) and even showed
a negative trend. Exercise is known to improve joint
range of motion by building muscle strength and increas-
ing ligament flexibility [44, 45], and our results contra-
dict conventional knowledge. This discrepancy might be
discouraging, but it is essential to consider that exercise
could improve specific motor abilities in JIA while poten-
tially having different effects on the overall progression
of the condition. Unlike rheumatoid arthritis (RA), exer-
cise improves the ability of joints, such as the joints of the
hands, to perform movement 46]. This may be because
RA affects not only the joints but also other parts of the
body, including the eyes, the skin, the heart, the lungs,
the nerves, and the bloodstream 47]. The effect of exer-
cise is superimposed on the various parts of the body,
which in turn exhibits an amplification of the effect. In
addition, the studies included in our analysis did not
show any worsening of JIA, and due to limited original
research and the variety of exercise types, we could not
characterize the relationship between exercise and JIA
progression.

Pain

The significant outcome of the study was the improve-
ment in pain among JIA patients, validating the positive
effect of exercise in this population, consistent with the
literature [20], which provides the theoretical basis for
promoting exercise to this patient population. First, it is
well known that physical exercise reduces functional pain
by acting on the central mechanisms of pain perception
and produces pressure changes at the stress site, which
can cause changes in pain perception [48]. Some stud-
ies have found that seriously injured soldiers in combat
are virtually pain-free, and dancers and athletes who
continue to perform strenuous exercise in the face of
serious injury feel no pain [49, 50]. Second, an increase
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in pain threshold and tolerance and a decrease in pain
rating occur after exercise [51]. A person’s pain thresh-
old increased immediately after 40 min of running, and
cycling continuously for 8 min between 200 and 250 W
loads significantly increased the threshold for dental pain
[52, 53]. Additional studies have found that exercise alters
mechanisms related to the release of adrenocorticotropic
hormone and growth hormone, thereby improving symp-
toms of the disorder and reducing pain [54, 55]. However,
these possible mechanisms are not specific to JIA and
are equally applicable to various chronic diseases. More-
over, we resolved the previous conflicting results regard-
ing the impact of exercise on pain [21]. Notably, Tarakci’s
study [31] had a higher number of participants drop out,
which may affect the credibility of the results. However,
adopting the appropriate exercise is undoubtedly asso-
ciated with a reduction in disease-induced pain [56]. In
the present study, all RCTs included in this meta-analysis
had an exercise intervention period of more than twelve
weeks. Accordingly, future studies are needed to confirm
the effect of short-term exercise on JIA.

Clinical implications

This study has several important clinical implications
for the management of JIA. First, this study found that
although long-term exercise intervention did not sig-
nificantly improve the overall quality of life and overall
health of adolescents with JIA, long-term exercise did
not lead to worsening health status in adolescents. This
suggests that long-term exercise is safe for JIA. Second,
long-term exercise intervention decreases pain levels in
patients with JIA, and clinical practitioners should con-
sider prescribing and encouraging exercise interventions
for patients with JIA, alongside medication management,
taking into account individual circumstances. In sum-
mary, regular physiotherapy is essential to JIA manage-
ment to promote muscle and bone health, optimize body
function, and slow disease progression. In the future, it
may be necessary to incorporate the natural increase in
the exercise capacity of JIA patients themselves, enrich-
ing the form of exercise while increasing the intensity to
counteract the adverse features of JIA. We also recom-
mend that exercise be an integral part of JIA and other
standard care for arthritis.

Strengths and limitations

This study possesses several strengths. First, as of May
1, 2023, we included all high-quality RCTs that met
strict inclusion and exclusion criteria. Second, we com-
prehensively included multifaceted outcome indicators,
enabling a thorough analysis of the impact of exercise
on JIA across multiple levels. Finally, we systematically
assessed the quality of evidence for relevant outcomes
using the GRADE methodology and provided a strength
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of recommendation. These strengths enhance the study’s
rigor, completeness, and high reference value.

In addition, there were several limitations to the study.
The most significant one was the small number of RCT
trials available. Despite conducting a comprehensive
and systematic database search, only 16 controlled tri-
als related to JIA were identified. Out of these, only five
trials met the criteria for inclusion due to issues such
as the control group being the intervention itself or the
intervention group being mixed with other measures, as
well as poor experimental design. The limited number of
RCTs hindered a more in-depth analysis, and we could
not perform regression and subgroup analyses, which
could have provided a better understanding of the het-
erogeneity in the results. Due to the limitations of the
included articles, we were unable to assess publication
bias using methods such as funnel plots. Lastly, due to
limitations in the primary literature, we may not be able
to pool other endpoints, such as biomechanical measures
for adolescents. This may affect the comprehensiveness
of the results.

Conclusions

In conclusion, long-term exercise interventions do not
significantly improve the quality of life and exercise
capacity of JIA patients, but they also do not lead to a
deterioration of health status. However, these interven-
tions are effective in relieving pain associated with JIA.
Based on our findings, we advocate using appropriate
long-term exercise interventions in clinical practice as
an adjunct to JIA for pain relief. Furthermore, more ran-
domized controlled trials are needed to investigate the
optimal exercise interventions for JIA and determine
the dose that achieves the minimum clinically important
difference.
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