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Background: Juvenile idiopathic arthritis (JIA) is an inflammatory autoimmune disease that
can cause severe impairment and disability. Exercise is recommended to preserve joint
mobility and function. Our objectives were to assess the safety, feasibility, and effects of
slow speed resistance exercise in children with polyarticular JIA.

Methods: Patients were recruited from a pediatric rheumatology clinic at an urban hospital
and randomized to exercise or control groups. In the intervention group, slow speed
resistance exercise with individualized instruction by a certified trainer was performed 1-2
times per week for 12 weeks. The control group performed home-based aerobic exercise 3
days per week for 12 weeks. Pre and post-body composition measurements by dual-energy
X-ray absorptiometry; aerobic fitness by peak oxygen uptake during cycle ergometry;
isometric muscle strength; and quality of life measures were obtained.

Results: In the exercise group, 9/17 (53%) completed any exercise training. Of these nine
subjects, five (55%) completed all 12 weeks of the protocol. In the control group, 8/16 (50%)
reported compliance with the recommended aerobic exercise training at least one time per
week. Only 2 subjects (12%) reported exercising more than once per week. There was no
significant difference between pre- and post-measurements in any category in the exercise
group. There was also significantly elevated body fat in both groups with only 17% in the
control group and 23% in the exercise group meeting recommended <30% total body fat
levels.

Conclusions: Children with JIA participated safely in this resistance exercise protocol. The
exercise was well-tolerated with no serious adverse events noted. While individual subjects
reported improvement in fatigue and improved energy, there was no statistical difference in
pre- and post-exercise measures of body composition or quality of life. Identifying ways to
improve adherence and encourage exercise in children with JIA is important.
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Introduction

Juvenile idiopathic arthritis (JIA) is an inflammatory autoimmune disease that can
cause severe impairment and disability. The polyarticular subtype, in which children
have at least 5 joints involved, affects 30-50% of children with JIA." The joint
inflammation and effusions lead to synovial hypertrophy, bone loss, and periarticular
muscle wasting. Moreover, affected children experience substantial decreases in
strength, muscle and bone cross-sectional area, and bone mineral density.””
A 2-year longitudinal study found that JIA patients have, on average, 35 g less bone
mineral content and 1.2 kg less lean body mass, and 2.8% greater body fat than controls
individually matched on age, sex, race, and county of residence.® Moreover, up to 50%
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of adults who suffered from JIA have decreased bone mass.”*
The reasons for these effects on body composition are not
entirely clear but chronic bouts of inflammation, in conjunc-
tion with physical inactivity, resulting in muscle atrophy and
impaired contractility of muscle fibers. Imaging studies in
JIA suggest that muscle loss precedes bone loss.*” Thus,
muscle loss appears to set in motion a cascade of processes
that produce skeletal abnormalities in JIA. Besides the dis-
ease itself, the anti-inflammatory (ie, prednisone) and immu-
nosuppressive (ie, tumor necrosis factor-a inhibitors) drugs
used to quell the disease process can also have detrimental
effects on muscle and bone, magnifying the potentially dele-
terious long-term health consequences.*®

The American College of Rheumatology recommends
exercise for patients with arthritis which includes range of
motion exercises to preserve joint mobility, along with low
resistance and aerobics exercise to maintain muscle mass,
bone health, and fitness.” The American Academy of
Pediatrics recommendations for strength training include:
a 10-15 mins warm-up and cool-down and 2-3 sets of
higher repetitions (8—15) two to three times per week for at
least 8 weeks.'® However, the few studies that have eval-
uated exercise in JIA have focused on aerobic exercise.'!
Data on the effects of resistance exercise in children with
JIA is largely lacking, but safety and feasibility in a home-
based program have been reported.'>'* The rationale for
the potential value of resistance exercise for JIA comes
from studies of adults with rheumatoid arthritis (RA).'*">
RA patients randomized to resistance exercise: 1)
increased their strength fourfold versus baseline, 2)
reduced their pain by 53%, and 3) improved 50-foot
walk times (all significant versus controls).'* Resistance
exercise has also been beneficial for children with cystic
fibrosis, cerebral palsy, and burn victims.'®'® Since resis-
tance exercise has been shown to be well-tolerated and to
have beneficial effects, we sought to test the effects of
resistance exercise in a cohort of children with polyarti-
cular JIA.

Patients and methods

Patients

The study was reviewed and approved by the Johns Hopkins
Institutional Review Board. Written informed consent was
obtained from patients and/or guardians, and was conducted
in accordance with the Declaration of Helsinki. Patients were
recruited from a pediatric rheumatology clinic at an urban
hospital. Inclusion criteria included ages >10 to <18 with

polyarticular JIA on stable medical therapy and steroid free
for 1 month prior to study enrollment. Subjects were
excluded if they were pregnant or breast feeding, in an active
flare of arthritis, had cardiac or pulmonary disease, or had
cognitive impairment. Participants were stratified by gender
and randomized to either control or exercise group.

Intervention

For subjects randomized to the exercise protocol, slow
speed resistance exercise with individualized instruction
by a certified trainer was performed 1-2 times per week
for 12 weeks. This exercise involves performing move-
ments in a slow and controlled fashion without accelera-
tion in the lifting and lowering of the resistance in order to
minimize force on the joints and connective tissues. Three
exercises, targeting the largest muscles of the body were
performed (Leg Press, Chest Press and Compound Row)
using machines manufactured by RenEx (Beachwood, OH,
USA). Resistance was gradually increased when the indi-
vidual could perform 5 repetitions before reaching
momentary muscular fatigue (ie, until they could not per-
form another repetition in good form).

For the attention control group, instructions to perform
aerobic exercise, such as walking, for 30 mins per day, 3
days a week for 12 weeks were given to subjects and their
parents. This group received monthly phone calls to
answer questions and assess compliance.

Measures

Demographic data including age at enrollment, age of JIA
diagnosis, gender, and race were collected at study entry. At
baseline and 12-weeks, total body lean and fat mass were
measured using dual-energy X-ray absorptiometry (GE
Lunar Prodigy, Software V. 13). Body weight and height
were also measured at each time point. Body mass index
(BMI) was defined as per the Centers for Disease Control and
Prevention (CDC) guidelines: normal: <85th percentile;
overweight, 85-95th percentile; obese >95th percentile.
The CDC recommended levels are <30% of total body com-
position body fat and >60% lean muscle mass.'* !

Aerobic fitness was assessed by peak oxygen uptake (VO2
peak) during cycle ergometry. A Cardinal Health Vmax meta-
bolic system was used to assess oxygen uptake while subjects
pedaled on a stationary bicycle. A Biodex unit was used to
measure isometric muscle strength using peak isokinetic tor-
ques of elbow extension at 60 and 120 degrees/second and
knee extension at 60 and 180 degrees/second. Medication data
were also collected at baseline and at 12-weeks. Wong-Baker
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FACES Pain Rating Scale, Kids Fatigue Severity Scale, func-
tion ability and quality of life (Childhood Health Assessment
Questionnaire; C-HAQ) were also measured baseline and at
the end of study.”*>*

Statistical analyses

We performed two-sided, paired Student’s ¢-test for com-
parison of pre- and post-intervention mean scores. Fisher’s
exact tests were used to compare data between exercise
and control groups in subjects who completed the study.
Significance levels were set at ap-value <0.05.

Results

Participant characteristics are shown in Table 1. There was
no significant difference between groups in baseline vari-
ables, including disease severity. Only 35% of patients met
the recommended lean muscle mass guidelines from the
CDC for healthy adolescents. There was also significantly
elevated body fat in both groups with only 17% in the
control group and 23% in the exercise group having <30%
body fat levels (p=0.7). The Fatigue Severity Score was
high in both groups with a mean of 5 in the control group
and 5.3 in the exercise group (p=0.3).

In the exercise group, 9/17 (53%) completed any exer-
cise training. Of these nine subjects, five (55%) completed
all 12 weeks of the protocol. One subject completed 6
weeks of supervised resistance exercise; two subjects 7

Table | Baseline characteristics by randomization

weeks; and one 9 weeks. Fifty-three percent (9/17) com-
pleted post-testing.

In the attention control group, 8/16 (50%) reported
compliance with the recommended aerobic exercise train-
ing at least one time per week. Only 2 subjects (12%)
reported exercising more than once per week. Eight sub-
jects (50%) completed post-study testing.

There was no significant difference between pre- and
post-measurements in any category in the exercise group.
Figure 1 shows the trends for VO2 max, BMI, fatigue sever-
ity scores, and pain scores pre- and post-intervention. In the
attention control group, there were no significant differences
between pre- and post-measurements in any category.
Comparing post measurements between the exercise and
control groups, there was no significant difference in BMI,
fat or muscle percent, arm or knee flexion and extension,
VO2 max, C-HAQ, FACES, or fatigue severity scores.

There were no significant adverse events noted in
either group. Eight subjects in the exercise group noted
muscle soreness after exercise that lasted 1-2 days and
resolved without intervention. No participants in either
group noted worsening of arthritis or needed changes in
medical therapy.

Discussion
Children with JIA participated safely in this resistance
exercise protocol. The exercise was well-tolerated with

Characteristic Control, N=16 Exercise, N=17 p-value
Age, mean 16.1 (2.8) 14 (3.3) 0.1
Gender, % female 34 36 0.9
Race, % AA 41 40 0.9
Body mass index, kg/m? 25.7 (6.9) 26.5 (6.8) 0.8
% Overweight or obese 52 47 0.3
% meeting guidelines for lean muscle mass® 35 35 1.0
% meeting guidelines for body fat® 17 23 0.7
Time since arthritis diagnosis, years 24 (2.1) 2.4 (1.8) 0.9
% on methotrexate 29 60 0.1
% on biologic agent 35 50 0.4
Median active joint count 0 (range 0-1) 0 (range 0-3) 0.9
Median restricted joint count 0 (range 04) 0 (range 0-8) 0.8
Median Pain (FACES, range 0-5) 2 (range 0-3) | (range 0-3) 0.07
Fatigue (K-FSS, range [-7) 5.3 (0.8) 4.8 (1.4) 0.3
Global assessment (C-HAQ, range 0-3) 0.6 (0.5) 0.8 (0.6) 0.5
Functional ability (C-HAQ, range 0-3) 0.7 (0.6) 0.7 (0.5) 0.8

Notes: Values are means (SD) unless otherwise noted. *Centers for Disease Control guidelines: >60% of total body composition lean muscle mass. ®Centers for Disease

Control guidelines: <30% of total body composition body fat.

Abbreviations: FACES, Wong-Baker FACES pain scale; K-FSS, kids fatigue severity scale; C-HAQ, childhood health assessment questionnaire.
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Figure | Effects of resistance exercise intervention (N=9).

no serious adverse events noted. While individual subjects
reported improvement in fatigue and improved energy,
there was no statistical difference in pre- and post-
exercise measures of body composition or quality of life.

This study highlights multiple challenges for center-
based, supervised exercise studies in JIA. Both attrition
and adherence to the exercise are major challenges in this
population. In our study, we had a specialized trainer
working with the exercise group who was available on
weekends and after-hours. Despite this, only 53% of sub-
jects participated regularly in the exercise sessions. The
most common reason given for attrition from the study
was that the exercise program required subjects to come
for training in person, rather than participate at home or
locations closer to home. However, home-based exercise
interventions in this population have also proven to be
challenging. In a study by Houghton et al, in a 6-month
home-based exercise program of aerobic and resistance
exercises, only 47% of children reported adherence to the
program, with adherence decreasing over time.*’

In our cohort of polyarticular JIA patients, body com-
position was abnormal. Only 35% of subjects met the
CDC guidelines for recommended lean muscle mass of
and >60% lean muscle mass. Almost 20% of our cohort
had percent body fat above the recommended CDC
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guidelines of <30% of total body composition body fat.
Additionally, almost 50% of participants in our study were
overweight or obese. In a cohort of JIA subjects from Oslo
University Hospital, Risum et al reported suboptimal mus-
cle strength and bone mineral density compared to con-
trols, but no differences in body composition with a total
body fat of 29.8% in the JIA polyarticular subjects. These
variances in body composition results may be secondary to
the different patient populations.*®*’

Our cohort reported significant fatigue. The overall
mean fatigue severity score was 4.8. For comparison, in
a cohort of pediatric systemic lupus patients, the mean
reported K-FSS score was 3.8.%* There was no significant
improvement in fatigue scores in either the exercise or
control group, but other studies have shown improvement
in fatigue with exercise.”

Our study has significant limitations. It was difficult to
assess the efficacy of resistance exercise because we had
a relatively high attrition rate and low adherence. The
American Academy of Pediatrics recommendations for
strength training include 2-3 sessions per week and our
participants met 1-2 times per week which may have not
been sufficient for health benefits. One strength of our study
is that we had an active control group; however, this group
also reported low adherence. We did not assess laboratory
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markers of disease inflammation, such as erythrocyte sedi-
mentation rate or C-reactive protein, before and after the
exercise intervention. These results may have helped to deter-
mine if exercise had any anti-inflammatory effects. The lim-
itations with regard to adherence suggest that a true test of the
effects of resistance exercise remains unknown. Future efforts
to identify facilitators and barriers to exercise programs in
children with rheumatic diseases are important. Our study
shows that exercise is well-tolerated in children with poly-
articular JIA and should be encouraged in these patients and
rheumatologists should be more uniform in recommending
exercise and following up with parents and children.
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