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Abstract

Background Regular physical activity (PA) has been proven to help prevent non-communicable diseases and is
beneficial for disease management in chronically ill populations. Physical inactivity and recreational screen-based
media (SBM) use are related to poor health outcomes and common among youth. This study aimed to (1) investigate
PA levels and recreational SBM use of adolescents with JIA over time and (2) compare these behaviours with those of
their peers.

Methods Data from JIA patients and their peers enrolled in the inception cohort study ICON at 11 German centers
were analyzed. Individuals aged 13 and over were followed prospectively with questionnaires concerning PA level,
recreational SBM use, and health-related quality of life (HRQoL) at a two-year interval. Group by time interactions were
analyzed using linear mixed models.

Results Data of 214 patients (mean age at first documentation 14.4 +0.9 years, female 63%) and 141 peers could be
considered. At first documentation, patients were less physically active compared to their peers (p <0.001). In contrast
to their peers, patients'PA levels increased over time (OR 3.69; 95% Cl: 1.01-13.50, p=0.048). Mean screen time did

not differ significantly between patients and peers (first documentation: 3.5 h vs. 3.0 h, p=0.556; follow-up: 3.6 h vs.
3.3 h, p=0.969). During the observation period, male patients reported higher PA levels than female patients, but also
higher screen time levels. While low socioeconomic status (SES) (OR 14.40; 95%-Cl: 2.84-73.15) and higher cJADAS-10
score (OR 1.31;95%-Cl: 1.03—-1.66) increased the likelihood for high SBM use (>4.5 h/d), higher PedsQL psychosocial
health score (OR 0.93; 95%-Cl: 0.88-0.99) was associated with a decreased likelihood.

Conclusions Adolescents with JIA become more physically active over the disease course and achieve comparable
levels of PA and recreational screen time to their peers. However, the vast majority appear to be insufficiently
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physically active. Future interventions to promote healthy lifestyles should include gender and SES as important

determinants to reach most vulnerable groups.

Keywords Physical activity, Screen time, Media use, Juvenile idiopathic arthritis, Adolescents, Sedentary behavior

Background

Juvenile idiopathic arthritis (JIA) is the most common
immune-mediated inflammatory rheumatic disease
affecting the pediatric population. JIA encompasses six
defined JIA categories occurring before the age of 16
and characterized by an overproduction of inflammatory
cytokines, leading to a chronic inflammatory state [1].
With disease onset, children and adolescents are faced
with a challenging new way of life, often with a cluster
of disabling symptoms known as “sickness behaviour’,
including regular painful crises and fatigue [2, 3]. These
can profoundly affect physical, mental, social, and func-
tional aspects of life, drastically reducing health-related
quality of life (HRQoL) [4—6]. Patients with JIA may
exhibit lower physical fitness [7] and activity [8, 9], more
fragmented sleep [10], and alterations in body composi-
tion such as higher adiposity than healthy controls [11].

A relatively sedentary lifestyle including insufficient
physical activity (PA) and high levels of recreational
screen-based media (SBM) use is associated with an
increased burden of many non-communicable diseases
[12, 13]. As lifestyle habits developed during adolescence
tend to be maintained throughout life, it is therefore
essential to promote healthy lifestyle habits among this
population [14].

High screen time has been shown to be associated with
social isolation, poor relationships with friends or fam-
ily, depressive symptoms, and negative effects on mood
as well as cognitive and emotional development, leading
to poorer academic performance and HRQoL [15-18].
Insufficient PA, defined as failing to meet the WHO rec-
ommendation of at least 60 min moderate to vigorous PA
on average per day predicts a wide range of short- and
long-term health problems that are detrimental to well-
being [19].

Recent research indicates that adolescents with chronic
diseases are equally or even more likely to be physically
inactive and have high levels of sedentary screen time
compared to their healthy peers [20-23]. Both behaviors
have been associated with poor health-related outcomes
in autoimmune rheumatic diseases [24], potentially
aggravating common features such as weakness, atrophy
and dysfunction of muscles, chronic pain and fatigue,
bone loss, dyslipidemia, arterial hypertension, and insu-
lin resistance [25]. Moreover, young patients with JIA
display a number of symptoms that could potentially be
mitigated by increasing PA levels [25].

Despite these facts and knowledge about beneficial
effects of sufficient PA on the balance between pro- and

anti-inflammatory responses [26], there are to date only
remarkably few studies investigating sedentary activities
in patients with JIA. These have either examined these
activities only in younger children or only based on very
small sample sizes [21, 27]. In addition, none of these
previous studies prospectively investigated recreational
SBM use and PA behaviour during the disease course and
with consideration of HRQoL. Given these research gaps,
the current study aimed to examine daily time spent on
recreational SBM, levels of weekly PA, and HRQoL in
adolescents with JIA over time and examine potential dif-
ferences compared to their peers.

Methods

Study design

Data from the German multicenter Inception Cohort of
Newly diagnosed patients with JIA (ICON) were used.
ICON was a prospective observational study aiming
to follow patients with recent onset of JIA according to
the International League of Associations for Rheumatol-
ogy (ILAR) classification criteria [1] for at least 10 years.
Eleven of the largest pediatric rheumatology centers in
Germany recruited patients from 2010 onwards and
documented clinical characteristics and treatments by
a standardized physician questionnaire several times a
year until the end of 2021. At the same time as the rheu-
matologists, patients>13 years reported on their state
of health. Healthy peers were recruited with the help of
patients and/or their parents who asked friends of equal
age and gender to serve as peers. These young people
completed a questionnaire at home once a year. Further
details on the ICON cohort study, containing sociodemo-
graphic and clinical characteristics as well as treatments
are provided by Sengler et al. [28].

SBM and PA evaluations in JIA patients and peers took
place every 2 years. The 24-month follow-up (FU) was
chosen as the study endpoint. Data cut-off for this anal-
ysis was 31 Dec 2019. Inclusion criteria for the analyses
in the present study were as follows: (1) diagnosis of JIA
according to the ILAR criteria [29], (2) age at documenta-
tion of at least 13 years, and (3) availability of two com-
pleted evaluations regarding SBM or PA per patient and
per peer. The study protocol was approved by the ethics
committee of the Charité - Universitatsmedizin Berlin
[EA1/056/10].

Clinical data
Sociodemographic and clinical information such as age,
gender, weight, height, disease onset, date of diagnosis,
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JIA category, drug treatment, number of active joints,
and global assessment of disease activity was provided
by the treating pediatric rheumatologist. Physician's
global assessment of disease activity was assessed using
a numerical rating scale (NRS) (scale from 0=no disease
activity to 10=very severe disease activity). Body mass
index (BMI) was calculated as the weight in kilograms
divided by the height in meters squared according to age-
and gender-specific percentiles used in the German ref-
erence system [30, 31].

Patient-reported outcomes included the assessment of
overall well-being and pain using NRS ranging from 0 to
10 (0 representing the best possible outcomes). Patients’
functional abilities were assessed using the German ver-
sion of the C-HAQ [32].

Disease activity was evaluated by the clinical Juvenile
Arthritis Disease Activity Score (cJADAS-10) [33]. The
cJADAS-10 (range 0-30, 30=very severe disease activ-
ity) is calculated with the physician’s global assessment of
disease activity, the patient’s global assessment of overall
well-being and the number of active joints (up to a maxi-
mum of 10).

HRQoL was reported using the German versions of the
Pediatric Quality of Life Inventory generic core scales
(PedsQL™ 4.0) [34, 35]. Consisting of four subscales
(physical functioning, emotional functioning, social
functioning and school functioning), the PedsQL™ can
be combined into psychosocial and physical health com-
posite scales, as well as the PedsQL™ total score. PedsQL™
scores range from 0 being the worst to 100 being the best
possible HRQoL.

To measure adolescents’ socioeconomic status (SES) an
established German multidimensional aggregated index
was used. This index was evaluated and adapted from
a representative German population sample of 17,641
study participants aged up to 17 years [36]. As the paren-
tal work status was not ascertained in the ICON study,
the calculation of this index was modified to be based
only on parental education level (including school educa-
tion and vocational training) and net household income
according to the method used by Listing et al. [37]. The
lower and upper quintiles of the sum of the education
and income scores (6.55, 12.1) were used as cut-off points
to define low, moderate, and high SES.

SBM use and PA

Patients and their peers were asked how often they are
physically active in their leisure time in such a way they
sweat or breathe hard (e.g. by sports or bicycling). Pos-
sible answers were: ‘about every day, ‘about 3-5 times a
week; ‘about once or twice a week; ‘about once or twice
a month; or ‘never’ Because the last two categories were
rare, they were summarized as “no regular physical activ-
ity” and used as reference in the main analyses.
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Types of SBM were assessed using a questionnaire,
which asked for the overall amount of daily time spent
with different screen media (television/videos, computer/
Internet, and gaming consoles). These questions explic-
itly referred to recreational screen time and not to the use
of SBM for educational purposes. According to a large
population-based representative study [38], an index for
screen time was formed: for television/videos, computer/
internet, and gaming consoles, individual answers were
scored with 0 (‘not at all’), 0.5 (‘about half an hour’), 1.5
(‘about 1-2 h’), 3.5 (‘about 3—4 h’), and 5 (‘more than 4 h’)
and summed up across these media. The total screen
time index was only computed for adolescents with
valid answers for all three media. Because the distribu-
tion of the SBM index was skewed and to harmonize the
analyses, SBM was classified into four groups: below 2 h
per day (used as the reference category in the analyses),
2-<3 h/day, 3—<4.5 h/day, and >4.5 h/day. Similar SBM
items have shown good retest reliability and good crite-
rion-related validity in other applications with adolescent
samples [39, 40].

Statistical analysis

Categorical variables were reported by numbers and per-
centages, whereas continuous variables were reported by
means and standard deviations. Ordinal logistic regres-
sion analyses (for categorical variables) and linear regres-
sion analyses (for continuously distributed variables)
were performed to estimate differences between males
and females (adjusted for SES) and patients and peers
(adjusted for SES and gender). An omnibus test was used
in regression analyses in order to test whether JIA cat-
egories significantly explain the variance in total screen
time and PA.

Multinomial logistic regression was performed to
estimate the relationship between SBM use/PA levels/
HRQoL and clinical parameters. SES and gender were
included as potential covariates, as these variables are
commonly associated with PA and SBM use [41]. As the
rate of missing values across the parameters was low
(<15%), no imputation of data was performed. The asso-
ciation between total screen time, PA level, and clinical/
sociodemographic characteristics is described by odds
ratios (ORs) with 95% confidence intervals (CIs). Linear
mixed models were used to compare the patient and peer
groups at different time points.

All p-values less than 0.05 were considered to be sta-
tistically significant. Statistical analyses were performed
using IBM SPSS Statistics version 25 (IBM Corp.,
Armonk, NY, USA) and SAS 9.3 (SAS Institute, Cary,
NC, USA).
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Results

Sociodemographic and clinical information

In total, data on SBM use or PA were available for 214
adolescents with JIA and 141 peers. Mean observation
time was 2.1+0.3 years. The most common JIA category
was rheumatoid factor negative polyarthritis (28.1%)
followed by enthesitis-related arthritis (21.0%). During
the observation period of 24 months, the proportion of
patients treated with DMARDs increased from 52.2 to
58.8%, mainly due to an increase in patients treated with
biologics (from 21.4 to 38.2%). With more frequent treat-
ment with biologics, the proportion of patients with inac-
tive disease and unrestricted functional ability increased
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over time. More details on patients’ characteristics are
presented in Table 1.

Associations between PA level, SBM use and
patients’ characteristics

As shown in Table 2, female patients reported shorter
total screen time than male patients both at first docu-
mentation (3.2 h vs. 4.2 h, p=0.008) and at follow-up
(3.2 h vs. 4.4 h, p=0.003). They were less likely to con-
sume more than 4 h of SBM per day than male patients
(first documentation: 24.0% vs. 39.4%, p=0.023, follow-
up: 26.7% vs. 42.0%, p=0.028).

Table 1 Characteristics of JIA patients and their peers at first documentation and 2-year follow-up

Variables First documentation 2-year follow-up
JIA Peers JIA Peers
No. of patients 214 141 214 141
Age, years 144+09 145+1.0 164+0.9 165+1.0
BMI, kg/m2 21.1+£35 209+34 216+39 214+33
Female, no. (%) 135 (63.1) 77 (54.6) 135 (63.1) 77 (54.6)
Disease duration, years 26+20 47+20
JIA category, no. (%)
RF-positive polyarthritis 10 (4.8) 10 (4.8)
RF-negative polyarthritis 59(28.1) 59(28.1)
Systemic JIA 6(2.9) 6(2.9)
Persistent oligoarthritis 37(17.6) 37(17.6)
Extended oligoarthritis 18 (8.6) 18 (8.6)
Psoriatic arthritis 18 (8.6) 18 (8.6)
Enthesitis-related arthritis 44 (21.0) 44 (21.0)
Unclassified JIA 18 (8.6) 18 (8.6)
cJADAS-10, mean (SD) 6.1+6.0 3.1+38
PGA score (NRS 0-10), mean (SD) 1.85+23 07+13
Inactive disease, no. (%) 63 (35.4) 93 (56.4)
No. of active joints 21442 07+18
Patient-reported data
C-HAQ total score, mean (SD) 03+05 02+39
No functional limitations*, no. (%) 104 (50.0) 134 (65.0)
Overall well-being (NRS 0-10), mean (SD) 21+£23 1.0£14 15+£20 1.0£1.2
Pain intensity (NRS 0-10), mean (SD) 21+25 1.0+15 14+19 1.2+18
PedsQL total score, mean (SD) 84.5+163 914+738 89.6+132 91.2+85
PedsQL physical health, mean (SD) 80.7+21.7 93.5+93 879+17.2 93.0+8.9
PedsQL psychosocial health, mean (SD) 86.5+154 90.3+8.7 904+12.7 90.3+9.7
Low/medium SES 171(81.4) 90 (63.8) 171 (81,4) 90 (63.8)
High SES 39(18.6) 51(36.2) 39(18.6) 51(36.2)
Current treatment, no. (%)
Any DMARD 95 (52.2) 97 (58.8)
Any conventional synthetic DMARD 75 (41.2) 61(37.0)
Any biologic DMARD 39(21.4) 63 (38.2)
NSAIDs 79 (43.4) 31(18.8)
Systemic GCs 30(16.5) 11 (6.7)

JIA juvenile idiopathic arthritis; RF rheumatoid factor; cJADAS-10 10-joint clinical Juvenile Arthritis Disease Activity Score; PGA physician’s global assessment; ESR
erythrocyte sedimentation rate; GHAQ Childhood Health Assessment Questionnaire; SES socioeconomic status; GC glucocorticoid; DMARD disease-modifying

antirheumatic drug
®Defined by a PGA score of zero
*Defined by a C-HAQ score of zero
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Table 2 Physical activity and recreational screen time among adolescent girls and boys, adjusted for SES

First documentation Girls Boys
JIA Peers p-value JIA Peers p-value
Physical activity level <0.001 0.830
Nearly every day, no. (%) 15(11.3) 2(16.2) 25(31.6) 18 (27.7)
3-5 times/week, no. (%) 29 (21.8) 31(41.9) 20 (25.3) 18 (27.7)
1-2 times/week, no. (%) 58 (43.6) 28(37.8) 23(29.1) 26 (40.0)
1-2 times/month, no. (%) 19(14.3) 3(4.1) 4(5.1) 3(4.6)
Never, no. (%) 12 (9.0) 0(0) 7(8.9) 0(0)
Screen time level 0.723 0435
<2h/day, no. (%) 32(24.8) 14(18.9) 10 (14.1) 1(17.7)
2-2.5h/day, no. (%) 37(28.7) 30 (40.5) 15 (21.1) 13(21.0)
3-4h/day, no (%) 29 (22.5) 24(324) 18 (254) 16 (25.8)
>4h/day, no. (%) 31 (24.0) 6(8.1) 28(394) 22 (35.5)
Total screen time”, h/day 32+25 25+12 0.351 42+26 3724 0.870
2-year follow-up girls boys
JIA Peers p-value JIA Peers p-value
Physical activity level 0.270 0.200
Nearly every day, no. (%) 18 (13.6) 8(10.5) 13(16.9) 16 (25.0)
3-5 times/week, no. (%) 35(26.5) 30(39.5) 30(39.0) 27 (42.2)
1-2 times/week, no. (%) 55(41.7) 28(36.8) 25(325) 18 (28.1)
1-2 times/month, no. (%) 14 (10.6) 7(9.2) 6(7.8) 2(3.1)
Never, no. (%) 10 (7.6) 3(3.9) 3(3.9) 1(1.6)
Screen time level 0484 0.789
<2h/day, no. (%) 37(282) 16 (22.2) 12(174) 6(10.0)
2-2.5h/day, no. (%) 28(214) 19 (26.4) 7(10.1) 19 (31.7)
3-4h/day, no (%) 31(237) 26 (36.1) 21(304) 17 (28.3)
>4h/day, no. (%) 35(26.7) 11(15.3) 29 (42.0) 18 (30.0)
Total screen time¥, h/day 32423 31423 0.660 44426 36+2.1 0.630
Controls total | .
JIA total [
SystemicJIA |
Extended oligoarthritis f
Psoriatic arthritis
Enthesitis-related...
RF-POSitive POl arthiritis
| Baseline
RF-negative polyarthritis [ m 2-year follow-up
Persistent oligoarthritis
Unclassified JIA
0 1 2 3 4 5 6

hours/day

Fig. 1 Frequency of physical activity within JIA categories at 2-year follow-up

Male patients displayed higher PA levels than female The proportion of patients reporting to be physically
patients at both first documentation (p<0.001) and active at most twice per month (“no regular PA”) was
follow-up (p=0.038), however, differences slightly highest among patients with psoriatic arthritis and poly-
decreased throughout the observation period (Table 2). arthritis (Fig. 1). The overall level of PA did not differ
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significantly between JIA categories neither at first docu-
mentation nor at follow-up (results not shown).

Significant differences in mean total screen time
were found between JIA categories at first documen-
tation (omnibus test linear regression, p=0.042), but
not at 2-year follow-up (omnibus test linear regression,
p=0.235). Patients with systemic JIA and psoriatic arthri-
tis showed longest mean screen times, while patients with
persistent oligoarthritis reported the shortest (Fig. 2).

Multivariate associations between HRQoL, clinical/
sociodemographic factors, and daily screen time are
shown in Table 3. While low SES (OR 14.40; 95%-CI:
2.84-73.15) and increasing disease activity (OR 1.31;
95%-CI: 1.03-1.66) increased the likelihood of being
assigned to group>4.5 h of daily screen time, better
psychosocial health on the PedsQL (OR=0.93, 95%-
CI=0.88-0.99) was associated with a lower likelihood of
high daily screen time.

As shown in Table 4, female gender (OR=0.12, 95%
CI=0.02-0.59) decreased the likelihood of being physi-
cally active daily, while better physical functioning on the
PedsQL (OR=1.08, 95% CI=1.02-1.15) and daily SBM
use less than 2 h increased the likelihood.

Comparison of PA level and SBM use between patients and
peers over time
Characteristics at first documentation presented in
Table 1 did not differ between patient and peer groups in
terms of age and BML In contrast, significant differences
were found for gender, SES, HRQoL, overall well-being,
as well as overall pain.

At first documentation, 19.8% of patients and 4.3% of
peers were identified as being physically active to the
point of getting out of breath or sweating at most twice

Psoriatic arthritis
RF-positive polyarthritis
RF-negative polyarthritis
Persistent oligoarthritis
Enthesitis-related arthritis
Extended oligoarthritis
unclassified JIA

Systemic JIA

0% 10%

20% 30%

M no regular

Fig. 2 Total recreational screen time classified by JIA-category

m 1-2 times/week M 3-5times/week
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a month (Table 5). Overall, patients’ PA levels differed
significantly from those of peers, with patients being less
physically active on average (p=0.004).

The proportion of JIA patients without regular PA (at
most twice/month) decreased slightly over time, while
the proportion of peers without regular PA simultane-
ously increased (OR 3.69; 95%CI: 1.01-13.50, p=0.048).
During the same period, PedsQl scores, well-being and
pain levels in both groups converged. No group differ-
ences in overall PA levels were found at 2-year follow-up.

Significant gender-specific differences in overall PA
level between the groups were found only at first docu-
mentation (Table 2). In fact, girls with JIA were sig-
nificantly less physically active than girls without JIA
(p<0.001).

As shown in Table 5, mean total screen time of patients
was higher than that of peers, but did not differ signifi-
cantly at first documentation (patients 3.5 h vs. peers
3.0 h, p=0.556) nor at 2-year follow-up (patients 3.6 h
vs. 3.3 h, p=0.969) when adjusting for SES and gender.
Furthermore, no gender-specific differences were found
between patient and peer groups in terms of total screen
time, either at baseline or at follow-up (Table 2). The pro-
portion of boys with JIA who consumed SBM for less
than two hours per day increased over time from 14.1 to
17.4%, while the proportion of male peers with low SBM
decreased from 17.7 to 10.0% (Table 2). However, total
screen time remained constant in both groups during the
observation period. The distribution of daily time spent
with different screen media by both JIA patients and
peers is shown in Table S1.

40% 50% 60% 70% 80% 90% 100%

daily
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Table 3 Patient characteristics at 2-year follow-up categorized by daily total screen time
Variable <2h/d 2-<3 h/d 3-<4.5h/d =4.5h/d
No. of patients 53 39 55 67
Female, no. (%) 39(73.6) 29 (74.4) OR0.95; 31(564) OR0.33; 36 (53.7) OR0.35;

95%Cl: 0.26-3.42 95%Cl: 0.11-1.05 95%Cl: 0.11-1.11
BMI, mean +SD 208+27 21.7+44 OR1.04 214+£30 OR1.05 223+48 OR 1.08;

95%Cl: 0.88-1.22 95%Cl: 0.90-1.23 95%Cl: 0.94-1.24
Low SES 18 (34.0) 17 (44.7) OR 1.99; 23 (434) OR 144; 43 (65.2) OR 14.40;

95%Cl: 0.47-8.47 95%(Cl: 0.37-5.52 95%Cl:2.84-73.15
Medium SES 19(35.8) 13(34.2) OR0.63; 20(37.7) OR1.07; 18 (27.3) OR 4.59;

95%Cl: 0.14-2.74 95%Cl: 0.27-3.73 95%Cl: 0.91-23.24
High SES 16 (30.2) 8(21.1) - 10(18.9) - 5(7.6) -
Disease duration, years, 4718 49+18 OR 1.00; 4417 OR0.92; 4.7+25 OR 1.05;
mean +SD 95%Cl: 0.74-1.36 95%Cl: 0.69-1.23 95%Cl: 0.81-1.37
cJADAS-10 score, mean+SD  2.0+2.1 3.1+£37 OR1.27; 3.6+4.2 OR1.31; 3.7+45 OR 1.16;

95%Cl: 0.98-1.64 95%Cl: 1.03-1.66 95%Cl: 0.92-1.47
PedsQL physical health, 87.6+£162 906+13.0 OR1.02 90.1£163 OR1.06; 849+204 OR1.03;
mean=+SD 95%Cl: 0.96-1.08 95%Cl: 1.00-1.12 95%Cl: 0.98-1.08
PedsQL psychosocial health, 91.6+10.7 942+78  OR1.00; 904+140 ORO0.95; 87.2+14.6 ORO0.93;
mean +SD 95%Cl: 0.93-1.08 95%Cl: 0.90-1.02 95%Cl: 0.88-0.99
No PA 3(6.0) 2(53) OR 14.56; 2(3.6) OR5.28; 6(9.1) OR 1544;

95%Cl: 0.70-302.49 95%Cl: 0.21-132.53 95%Cl: 0.93-256.51
<1 time per week PA, no. (%) 3 (6.0) 7(184) OR767; 3(5.5) OR1.77; 7(106) OR 3.20;

95%Cl: 0.81-72.83 95%Cl: 0.16-19.06 95%Cl: 0.40-25.28
1-2 times per week PA, no. 19 (38.0) 9(23.7) OR 1.36; 23(41.8) OR3.19; 29 (43.9) OR4.02;
(%) 95%Cl:0.17-10.72 95%Cl: 0.59-17.06 95%Cl: 0.84-19.14
3-5 times per week PA, no. 14 (28.0) 14 (36.8) OR 4.93; 20 (36.4) OR 2.98; 17 (25.8) OR 1.93;
(%) 95%Cl: 0.70-34.59 95%Cl: 0.54-16.45 95%Cl: 0.36-10.20
Daily PA, no. (%) 11(22.0) 6(15.8) - 7(12.7) - 7(10.6) -

<2 h/day=reference

Missing values: SES n=4 (1.8%); cJADAS-10 score n=28 (13.1%); PedsQL n=7 (3.3%), PA n=5 (2.3%). Complete information was available for gender and disease

duration

Discussion

This study extends the current literature by provid-
ing information on PA levels and recreational SBM use
in adolescents with JIA over time, taking into account
cross-sectional clinical and sociodemographic correlates.

Results indicate that JIA patients with shorter disease
duration were more physically inactive than their peers,
but catch up to the level of their peers over the course
of 24 months. Simultaneously, disease activity decreased
and HRQoL increased. The amount of time spent using
recreational SBM was stable over the 24-month course
of the disease and comparable to that of their peers.
Female patients reported spending less time on screens
than male patients during the observation period, but
were considered to be more physically inactive. Low SES,
lower psychosocial health and higher disease activity
were associated with a higher likelihood of heavy recre-
ational SBM use. In addition, SBM use of less than 2 h per
day and better physical health increased the likelihood of
more frequent physical activity.

To date, studies on PA levels in adolescents with JIA are
few and provide varying results. Our results are in line
with recent reports showing that young people with JIA
have lower PA levels than healthy controls [8, 42]. Other

studies concerning PA of JIA patients diagnosed in the
era of biologics found similar levels compared to con-
trols [9, 27]. However, it should be noted that the com-
parability of previous studies is limited in some cases
due to small sample sizes, narrow age ranges, underrep-
resentation of certain JIA categories, and differences in
study populations’ disease state. In particular, distribu-
tion of JIA categories in the present study may be slightly
skewed towards more severe disease. In addition, other
characteristics not recorded in our or previous study
populations, such as socioeconomic status or cultural
characteristics, may have influenced the results.

In our study, PA levels increased slightly over the
course of the disease, while in peers PA levels decreased
over time. Declining levels of PA during adolescence are
common and have been widely documented in the Ger-
man general population [43]. Parallel to the observed
increase in PA levels in our patients over time, a decrease
in disease activity and pain intensity, an improvement in
subjective physical health, and an increase in the propor-
tion of patients receiving biologics therapy were regis-
tered. In similar longitudinal observations by Nordal et
al. [44] decreasing disease activity was associated with
increased participation in school sports.
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Table 4 Patient characteristics at 2-year follow-up categorized by weekly frequency of physical activity
Variable Not 1-2 times per week 3-5 times per week daily
regular

No. of patients 33 80 65 31
Female, no. (%) 24(72.7) 55(68.8) OR 0.84; 35(53.8) OR 0.68; 18 (58.1) ORO0.12;

95%Cl: 0.25-2.77 95%Cl: 0.21-2.28 95%Cl: 0.02-0.59
BMI, mean+SD 21.7+£49 215+39 OR 1.00; 21.6+3.1 OR1.03; 215+4.1 OR0.95;

95%Cl: 0.88-1.13 95%Cl: 0.90-1.16 95%Cl: 0.80-1.13
Low SES 16(500)  38(487)  ORO0.64; 28(438)  ORO7I; 16(516)  OR237;

95%Cl: 0.14-2.91 95%Cl: 0.15-3.40 95%Cl: 0.32-17.42
Medium SES 11(344) 26 (333) OR047; 22 (344) OR 0.84; 11(35.5) OR 1.14;

95%Cl: 0.10-2.14 95%Cl: 0.18-4.02 95%Cl: 1.48-8.81
High SES 5(15.6) 14(17.9) - 14 (21.9) - 4(129) -
Disease duration, years, 45+2.6 48+18 OR0.98; 46+1.7 OR 1.02; 48+24 OR0.91;
mean+SD 95%Cl: 0.77-1.24 95%Cl: 0.79-1.33 95%Cl: 0.67-1.24
cJADAS-10 score, 371+£37 3.0+38 OR 1.06; 2.7%+37 OR1.07; 3444 OR 1.02;
mean+SD 95%Cl: 0.88-1.28 95%Cl: 0.88-1.30 95%Cl: 0.81-1.28
PedsQL physical health, 825+166 876+181 OR1.03; 938+108 OR1.08; 859+193 OR098;
mean +SD 95%Cl: 0.98-1.08 95%Cl: 1.02-1.15 95%Cl: 0.92-1.03
PedsQL psychosocial 864+140 899+124 OR0.98; 939+104 OR0.97; 90.5£146  OR1.00;
health, mean+SD 95%Cl: 0.93-1.04 95%Cl: 0.91-1.03 95%Cl: 0.93-1.07
SBM <2 h/d, no. (%) 6(18.2) 19(23.8) OR 143; 14 (21.5) OR3.13; 11 (35.5) OR 7.26;

95%Cl: 0.32-6.42 95%Cl: 0.63-15.6 95%Cl: 1.12-46.9
SBM 2-<3 h/d, no. (%) 9(27.3) 9(11.3) OR0.21; 14 (21.5) OR 147, 6(19.4) OR 0.56;

95%Cl: 0.05-0.93 95%Cl: 0.37-5.86 95%Cl: 0.07-4.64
SBM 3-<4.5h/d, no. (%)  5(15.2) 23(28.8) OR1.78; 20(30.8) OR361; 7(226) OR2.99;

95%Cl: 0.39-8.12 95%Cl: 0.72-18.10 95%Cl: 0.42-21.24
SBM=4.5 h/d, no. (%) 13(394) 29 (36.3) - 17 (26.2) - 7(226) -

PA frequency (not regular=reference)
Missing values: SES n=4 (1.9%); cJADAS-10 score n=25 (11.9%); PedsQL n=6 (2.89%). Complete information was available for gender, disease duration and SBM

Table 5 Physical activity and total recreational screen time among adolescents with JIA and their peers, adjusted for SES and gender

First documentation

2-year follow-up

JIA Peers p-value JIA Peers p-value
Physical activity level 0.004 0.091
Nearly every day, no. (%) 40 (18.9) 30(21.6) 31(14.8) 24 (17.1)
3-5 times/week, no. (%) 49 (23.1) 49 (35.3) 65 (31.1) 57 (40.7)
1-2 times/week, no. (%) 81(38.2) 54 (38.8) 80 (38.3) 46 (32.9)
1-2 times/month, no. (%) 23(10.8) 6 (4.3) 20 (9.6) 9 (6.4)
Never, no. (%) 19 (9.0) 0(0.0) 13(6.2) 4(29)
Screen time level 0447 0.681
<2h/day, no. (%) 2(21.0) 25(184) 9 (24.5) 22 (16.7)
2-2.5h/day, no. (%) 52 (26.0) 43(31.6) 35(17.5) 38(28.8)
3-4h/day, no (%) 7 (23.5) 40 (294) 2 (26.0) 43 (32.6)
>4h/day, no. (%) 59 (29.5) 28 (20.6) 64 (32.0) 29(22.0)
Total screen time”, h/day 35426 30£19 0.556 36+25 33423 0.969

JIA juvenile idiopathic arthritis; SES socioeconomic status. ¥summed up across the media television/videos, computer/Internet, and gaming consoles

As observed in our peer group, male patients were
found to be more physically active than female patients.
Similar gender-specific differences in PA levels have been
found in adolescents with JIA in a previous study by Bohr
et al. [42]. The results of our study on differences between
male and female peers are also consistent with previous
work showing that boys in the general population are
more likely to adhere to PA guidelines than girls [45].

We did not find statistically significant differences in
overall PA levels between JIA categories, but the pro-
portion of adolescents without regular PA was higher in
those with rheumatoid factor positive polyarthritis and
psoriatic arthritis than in those with oligoarthritis. This
could be explained on the one hand by a higher disease
burden due to a larger number of active joints and on the
other hand by the involvement of the axial skeleton with
increasing pain during all weight-bearing activities, at
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least in some patients. In addition, the onset of disease
in rheumatoid factor-positive polyarthritis often occurs
during puberty, an age phase commonly associated with
lower PA levels even in healthy individuals.

Being more physically active has been suggested as one
way to enhance HRQoL and well-being among healthy
adolescents and adults [46]. As our study design does
not allow conclusions on causality of the association
found between PA and HRQoL, future research designs
should include RCTs involving interventions testing dif-
ferent modes and intensities of PA to characterize the
effects of different forms of PA on aspects of HRQoL and
well-being.

After adjusting for gender and SES, we found no statis-
tically significant difference in overall recreational screen
time between patients with JIA and their peers. Thus, our
results are consistent with those of Sherman et al. [27],
who also found no significant differences between patient
and peer groups in a monocentric study.

Although there is no consensus on the amount of rec-
ommended screen time in children and adolescents, sev-
eral experts have established guidelines advising them to
limit recreational screen time to no more than 2 h a day
[47]. Accordingly, almost 80% of JIA patients and more
than 80% of peers exceeded the advised screen time.
While increased screen time has frequently been linked
to poorer health outcomes [48], there has recently been
increasing debate about the degree to which the effects of
screen time are also related to their content or even the
context in which screens are used [49]. As certain con-
tent and contexts are thought to have potential benefits
for individuals’ development, supporting young people
with JIA to develop safer screen behaviors could also
be an opportunity to promote social interactions and
improve access to health information [49, 50].

In our study, low SES, lower psychosocial health, and
higher disease activity were independently associated
with a higher likelihood of extensive recreational SBM
use. No studies in the area of JIA are known to date, but
Ussher et al. [51] found comparable associations among
adolescents without JIA. According to their results,
increased use of television, videos and computers was
linked to lower mental well-being. Another previous
study of adolescents from the German general popula-
tion showed that those with higher SES were more likely
to meet the national screen time guidelines than those
with lower SES [45].

The rising screen time with increasing disease activity
in our study is consistent with previous studies [52, 53].
Children and adolescents with JIA are at greater risk for
adopting a more sedentary lifestyle compared to their
healthy peers in part due to disease related factors such
as pain, fatigue, swollen and stiff joints. Billings et al.
[54] further showed that social engagement in activities
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varied according to disease status. The more severe the
disease activity the less patients participated in activities
with friends and family members.

Furthermore, our study revealed that SBM use of less
than 2 h per day increases the likelihood of more fre-
quent PA. As screen media devices are often used while
being sedentary, it seems likely that time displacement
could be a primary mechanism through which SBM use
may affect PA. However, recreational SBM use may also
simply replace time otherwise spent being sedentary.
Although previous studies examining the relationship
between time spent on SBM and PA presented conflict-
ing results, Pedersen et al. [55] recently showed that
limiting recreational SBM use substantially increased
children’s PA. High levels of recreational SBM use there-
fore emphasize the importance of developing and imple-
menting measures to balance recreational SBM use to
prevent physical inactivity.

In our study, male patients displayed significantly
higher total screen time than female patients both at
first documentation and at follow-up and were also more
likely to be heavy users (>4 h/day). Comparable gender-
specific observations were also found in the peer group,
but not in a recent survey by Hansen et al. [45] among
over 15,000 German students in grades 5-10. However,
Cavallo et al. [56] identified socio-demographic factors
such as gender as potential determinants of leisure par-
ticipation in children and adolescents with JIA.

With regard to JIA categories, differences in mean total
screen time were only recorded at first documentation,
with patients with systemic JIA presenting longest screen
times. As systemic JIA was associated with lower physi-
cal leisure activity in a previous study [56], our result may
reflect a higher disease burden in those affected. How-
ever, other (non-disease-related) factors not examined in
our study may have contributed to higher use of recre-
ational SBM in systemic JIA.

Strengths and limitations

Some strengths of our study should be highlighted. In
contrast to previous studies, we considered both PA and
SBM as different, but not opposing aspects of physi-
cal inactivity during the course of the disease and under
consideration of HRQoL subdomains. Other strengths
include the multicenter design, large sample size, and the
consideration of extensive sociodemographic and clinical
data. This also included the consideration of SES, which
is a well-known factor influencing adolescent health
behaviour.

There are, however, also some limitations that have to
be taken into account. First, although we were able to
consider many associations with various variables, we do
not have information on all potential determinants of PA
and SBM, such as fatigue, pain, mental health, cultural
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background, or ethnicity. Furthermore, we are not able
to provide information about the countries of origin, but
assume that they were mainly in Europe. Concerning PA,
it was argued not only that PA could increase HRQoL
but also that better HRQoL could motivate further PA.
Therefore, the associations may well be reciprocal and
causation cannot be drawn. The same could be true for
SBM. Second, both PA and SBM were self-reported by
adolescents in our study. It is well recognized that the
accuracy of self-reports is limited compared to objec-
tively measurements. In particular, PA level might be over
reported due to social desirability, inaccuracies may also
occur from cognitive problems in recalling PA behaviour
or in misunderstanding of the underlying concepts of
the questions. However, most PA self-report measures,
including single-items, are at least suitable for classifying
subjects according to their PA levels [57, 58]. A measure
similar to the one we used performed best compared to
other short measures that can be used in large epidemio-
logic surveys [59, 60]. The use of more accurate objective
measures (e.g. accelerometers) is preferable, but often
not feasible in observational, longitudinal, multicenter
studies such as the ICON.

The mere distinction between usage and non-usage
of electronic media, the lacking assessment of media
content and consideration of more devices (e.g. tablets/
smartphones) are further limitations of this study. Future
studies might try to apply more detailed (e.g. the distinc-
tion between week and weekend, and between offline and
online usage) and more objective measures of media use.
Finally, statements about PA and SBM use relate exclu-
sively to the out-of-school context. It is therefore not
possible to draw conclusions about time spent in front of
screens for educational purposes and in physical educa-
tion classes, which may have other impacts on individu-
als” health.

Conclusions

The present results indicate the heterogeneity of sed-
entary behaviours of adolescents with JIA, which differ
less overall from those of their peers, but rather between
males and females and as a function of SES. Accordingly,
PA levels of JIA patients approach those of their peers
and do not differ significantly in terms of screen time
after adjusting for SES and gender. Females consume
less recreational SBM but are considered more physi-
cally inactive than males. Although all forms of seden-
tary behaviour may pose health risks, recreational screen
use may be particularly harmful as it has been associated
with impaired psychosocial health, a common condition
in chronically ill populations. Moreover, recreational
SBM use of less than 2 h per day and better physical
health increased the likelihood of more frequent PA.
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Future research on health behaviours in young people
with JIA should necessarily consider SES and gender in
addition to clinical parameters in order to develop tar-
geted interventions to promote healthy lifestyles for
most vulnerable groups. In addition, qualitative studies
are needed to explore patients’ perspectives on barriers,
facilitators and beliefs regarding their recreational screen
time and PA.

To benefit from the potential effects of reduced rec-
reational screen use and regular PA on individuals’
health, pediatric rheumatologists, pediatricians and
other healthcare professionals should educate patients
and their relatives about the expected health-promoting
effects. Behaviour change techniques including goal set-
ting, motivational interviewing and supportive counsel-
ing can help to maintain desired health behaviours over
time.
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