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Abstract

Objective

As patients with juvenile idiopathic arthritis (JlAprogress into adulthood, long-tef

outcome is determined by disease activity, physiaall psychosocial developme
Decreased aerobic capacity may play a critical iroleealth-related outcomes in JIA, sinc
has been linked with cardiovascular morbidity arattality in late adulthood. The objectivj
of the current study are to examine the aerobi@ciéyp and its relation to parameters
disease activity in children, adolescents and yadgts with JIA.

Methods

Sixty-three patients with JIA (aged 10-27 yearsjeneross sectional studied regarding t
aerobic capacity and correlations were made to deapdic, disease-related variables,
medication utilization. in a cross-sectional stgglgup of 63 patients of all subtypes. Patig
were divided in three age groups, 10-13 years; 14ears and 18-27 years.

Results

Reduced aerobic capacity is found in clinical remois as well as active disease in
subtypes and all age groups. Aerobic capacity ieenmapaired in active disease shown
DAS 28, JADAS 27, ESR and serum thrombocyte cowawer haemoglobin has a negat
impact. Long-term used medication including metéxdte and corticosteroids did
influence outcome. There is no association witlientrsports participation.

Conclusion

Reduced aerobic capacity is present in adolesegntsoung adults with JIA, both in acti
disease and in patients with remission. Measuregdbic capacity may serve as impor
outcome measure in JIA.
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Background

Although Juvenile Idiopathic Arthritis (JIA) is gerally thought to have a favourable
outcome [1], in reality its course may be less firops. At adult age, persistent disease

activity and functional impairment have been repdrin more than half of the patients
6].Moreover, disease related chronic inflammatiomymcause protein loss and

[2-
fat

accumulation [7], increasing the risk for obesitpdacardiovascular disease in this

population[8]. Systemic inflammation, immune dysftion and its treatment[9-12], mig
also contribute to the increased mortality ratélA[10,11].
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In addition to these disease-related factors[5jtoi@ influencing morbidity in the general
population must also be considered as they aréy likehave heightened effect on patients
with JIA. For example, low aerobic capacity, a near&f physical fithess, may play a critical
role in health-related outcomes in JIA since it lb@en linked with an increased risk of
developing chronic diseases including cardiovasculdiseases, diabetes, cancer,
hypertension, obesity, depression and osteopof@8f as well as an increased risk of
mortality in adults [14].

Physical fitness is a multidimensional concept mkdi as a set of attributes that people
possess or achieve that relate to the ability tfopm physical activity [15]. It is comprised
of skill-related (e.g. agility, coordination), h#alelated (e.g. cardiovascular capacity), and
physiological components [16]. In adults, the leskephysical fitness is a powerful predictor
of mortality in both healthy and disease states1@]7 The gold standard for assessing
physical fitness is the aerobic capacity, commaldfined as the maximal or peak volume of
oxygen uptake (V@ea) during an incremental exercise test to exhaustd®,peax iS
expressed either as an absolute value in litesxpfen per minute (I/min) or as a relative
value in milliliters of oxygen per kilogram of boagight per minute (ml/kg/min). The
relative value is frequently used to compare tlieefis levels of patients with a chronic
disease including a wide range of ages, body simdglisease severity.

Aerobic capacity has been shown to be impairedot lyounger children and adolescents
with JIA[19-21]. These impairments may be assodiatéh a combination of the condition-
related pathophysiology itself, its treatment (ergedications), hypoactivity and subsequent
deconditioning [22]. Other potential contributinactors to reduced aerobic capacity in JIA
may include anemia, reduced cardiac output, anduatarsdysfunction [20]

Patients with JIA may suffer from normocytic hypomimic anaemia, which implies lower
oxygen transport capacity of the blood, and hemspaired oxygen transport to the muscles.
A recent study of children with JIA revealed norsigant differences in cardiac output
during exercise between the JIA group and healbmgrols [23]. Muscle atrophy, however, is
a common finding in patients with JIA that may mkéd to inactivity, medication utilization
(including glucocorticoids) and disease activity][2

Although its usage is generally related to diseas&vity and severity, medication itself can
indirectly affect aerobic capacity in patients witHA through its impact on body
composition. For example, pharmacological doseglo€ocorticoids are associated with
protein loss, bone loss and insulin resistanceoth hepatic and peripheral tissues, leading to
impaired carbohydrate metabolism [18,25].An inversarelation was found between
duration of MTX treatment and respiratory muscladiion in children with systemic and
polyarticular JIA, possibly explained by a more exevdisease course being associated with
long-term MTX treatment [26] In contrast to obsehfendings in adult rheumatoid arthritis
(RA) patients [27], in children with JIA, impairmieaf lung function by MTX is rare[28,29].
Effects of anti-TNF therapy on aerobic capacity rmseknown yet.

To our knowledge, data on aerobic capacity in i@tato the disease activity in patients with
JIA are scarce [30]. The aims of our current stady therefore to examine the aerobic
capacity and its relation to parameters of diseas®ity in children, adolescents and young
adults with JIA.



Patients and methods

All consecutive patients between 2005 and 2008 Jli#h(as classified by the International
League Against Rheumatism criteria, ILAR{Petty, Bouwod, et al. 2004 163/id[31])
between the ages of 10 to 27 years were askedtioipate in an observational longitudinal
cohort study, investigating clinical parameters aedobic capacity in children, adolescents
and young adults with JIA over a 3-year period.ofak of 63 patients provided informed
consent. The results of baseline assessments secal@gl in the present study. All patients
were seen in the out-patient clinics of the paediar adult departments of rheumatology &
immunology at the University Medical Center (UMCJrétht. Patients were divided into
three age groups, 10-13 years, 14-17 years and/ i@dts, with the latter patient group
recruited from the adult rheumatology departmehe middle age group (14-17 years) will
be transferred to adult health care over the coafsie three-year follow-up study. The
Medical-Ethics Committee of the UMC Utrecht apprdal study procedures.

Demographic variables, disease characteristicsnaedication utilization (past and current)
were recorded for all patients (Table 1). Functicaiaility was assessed with the validated
Dutch version of the Childhood Health Assessmenéesfiannaire [32-34]. Patients were
asked about which sports and leisure activitiesevaErformed and the time consuming per
week in a general interview [35]. Physical examomatincluded a general assessment.
Standard laboratory values including Erythrocyteli®entation Rate (ESR), C - reactive
protein (CRP), thrombocytes and haemoglobin wetainéd from a blood sample collected
at the outpatient clinic. Haemoglobin counts weredi to classify anaemia based on
international reference values for in children addlescents [36].

Table 1 Demographic and disease related variables

N =number of patients Age 10413 yrs Age 14417 yrs Age 1827 yrs All patients

N=33 N=18 N=12 N=63
Boys (N) 13 6 3 22
Girls (N) 20 12 9 41
Subtype JIA N (%)
Systemi 3(9.1 4 (22.2 1(8.3 8 (12.7
Oligo persistent 3(9.1) 0 (0) 0(0) 3(4.8)
Oligo extended 9 (27.3) 3 (16.7) 3(25.0) 15 (23.8)
Polyarticular RF+ 3(9.2) 2(11.1) 2 (16.7) 711
Polyarticular RF- 14 (42.4) 8 (44.4) 5(41.7) 22.8)
Enthesitis related 0 (0) 1(5.6) 1(8.3) 2 (3.2
Psoriatic arthriti 1(3.0 0 (0) 0 (0 1(1.6
Disease Duration in years 5.5 (6.0) 10.5 (6.0) 10.0 (18.0) 8.0 (7.0)
(IQR)
CHAQ (IQR) 1,6 (0.8 1,4 (0.3 1,4 (0.6) 1,5(0.8
Sports performance 2.0 (3.0) 3.0 (8.0) 2.5 (6.0) 2.0 (3.0)
(hours/week, IOR)
BMI kg/m? (IQR) 17.9 (3.3 21.3 (4.5 19.8 (3.9 18.8 (4.7
Z-score VQpeal (IQR) -0.9 (1.5) -0.8 (1.6) -0.6 (1.7) -0.8 (18)*
Z-score VQpealkg (IQR) -1.6 (1.7) -1.5(2.1) -1.0 (2.1) —1.59q)t*




ESR mm (IQR) 8.0 (10.0) 9.5 (16.0) 7.0 (14.0) a.8.0)

CRP mg/l (IQR) 2.0 (5.0) 6.0 (23.0) 6.0 (5.0) %30)
Haemoglobin mmol/l (IQF 8.0 (1.0 7.6 (1.0 8.7 (1.3 79(1.3
Thrombocytes 10.9/1 (IQR) 315 (102) 273 (102) 298)( 298 (83)
DAS28 (IQR) 1.7 (1.1) 1.8 (1.9) 1.5(1.6) 1.6 (1.2)
JADAS 27 (IQR) 3.6 (7.1) 3.0 (22.9) 2.6 (17.1) PD)
VAS patient (IQR) 0.2 (2.3) 0.5(3.1) 0.5(.6) 0253)
Number of swollen joints 0.0 (2.0) 0.0 (3.0) 0.0 (3.0) 0.0 (4.4)
(IQR)

Number of tender joints 0.0 (3.5) 0.0 (4.0) 0.0 (3.8) 0.0 (4.1)
(IQR)

Number of limited joints 1.5 (4.0) 2.0 (5.0) 2.5(5.0) 2.0 (4.0
(IQR)

All variables are expressed as median values untesswise stated.

Abbreviations

JIA: Juvenile Idiopathic Arthritis; IQR: interqude range; CHAQ: Childhood Health
Assessment Questionnaire; Sports performance 5fB311: Body Mass Index; Z-score
standard deviation of the individual patient congolawith values from age- and sex- related
historical Dutch controls [37]; V&eak abs highest oxygen uptake in liters of oxygen per
minute (I/min) during maximum exercise test in IMVO,pea¢kg : highest oxygen uptake in
milliliters of oxygen per kilogram of bodyweight peiinute (ml/min/kg) during maximum
exercise; ESR: Erythrocyte Sedimentation Rate; CRIReactive Protein; DAS28: Disease
Activity Score of 28 joints; JADAS 27: Juvenile Aritis Disease Activity Score of 27 joints;
VAS patient: Visual Analogue Scale of General Healt

** p <0.01 significant difference compared to healthy agé sex related individuals

Aerobic capacity

Aerobic capacity (V@eay Was assessed using a graded cardiopulmonary isxetest
(CPET) to volitional exhaustion performed on anceteically braked cycle ergometer
(Lode examiner, Lode BV, Groningen, the Netherlan@ike seat height was adjusted to the
patient’s comfort. Patients began cycling at a \Wwia# of 0 Watts and this increased by 20
Watts every minute until they were no longer aldecontinue cycling due to volitional
exhaustion, despite strong verbal encouragemetier®a breathed through a mouthpiece,
which was connected to a calibrated metabolic @xiycon Pro, Care Fusion, Houten, the
Netherlands). Expired gases were collected andyseal for breath-by-breath minute
ventilation (Ve), oxygen uptake (\A) carbon dioxide exhalation (VGPDand respiratory
exchange ratio (RER; =VCGIYO,) using conventional equations. The highest achkieve
oxygen uptake averaged over a 30-second periodakas as VGQheak Heart rate (HR) was
measured continuously via 3-lead ECG. To allow cangpn of aerobic capacity with
healthy controls, standardized z-scores were déteausing: Z-scores [ (observed VOopeak

- predicted VOopea)/SD] Where predicted V@eax Values were obtained from a database of
established values for age- and gender- related¢hDaontrols [37]. A z-score of zero
represents a VOsimilar to that of healthy controls, while a scak£1.5 is a clinical
important difference from healthy controls.



Disease activity

A number of indicators were used to assess disaetbaty including the total number of
swollen joints, number of painful joints, the numloé joints with limited range of motion,
number of active joints (defined as joints with #img and/or pain during motion), the
Juvenile Arthritis Disease Activity Score (JADAS)Z38]and the Disease Activity Index 28
(DAS28)[39]. All of the examinations were performdy an experienced (paediatric)
rheumatologist. Furthermore, a global assessmestpegormed by the patient (well being;
VAS patient 0-100 mm) as well by a (paediatric)utmatologist (disease activity; PGA 0-
100 mm). Given that patients were recruited fronthbthe paediatric and adult clinics,
disease activity scores commonly used in both thediatric and adult departments were
computed. In adult Rheumatoid Arthritis (RA) pat&rnthe DAS28 is a commonly used and
validated tool to measure disease activity [39]sTi® a compound score of the number of a
total of swollen joints (out of 28), the number aftotal of painful joints (out of 28),
assessment of patient's general health and thérepytte sedimentation rate (ESR). Three
compound disease activity scores were recenthoduoired in paediatric rheumatology:
Juvenile Arthritis Disease Activity Score (JADAS),1LJADAS 27 and JADAS 71[38]. We
utilised the JADAS 27 compound score because offeigsibility. Moreover, statistical
performance of JADAS 27 is comparable to JADAS Whijle the construct validity of
JADAS 10 is poor compared to JADAS 71 and JADAS38]. The JADAS 27 may present
an advantage over the DAS 28 because it includesunes for the cervical spine, hips and
ankles, joints which are often affected in (adp#jients with JIA.

Medication use

Past and current medication utilization was obthifrem a review of the patient's medical
chart.

Statistical analysis

All statistical analyses were performed using Stal Package for Social Science (SPSS)
version 15.0 for windows (SPSS Inc., Chicago, llersion 15.0 for Windows. Because
patient data were non normally distributed non-peaisic tests were used to analyse the
demographic variables and compare the resultseotdhdiopulmonary exercise tests (Mann—
Whitney and Kruskal-Wallis where appropriate). Spen’s Correlation test was used for
determining the correlations between &k and disease activity markers and standard
laboratory values. The level of statistical sigrafice was set at<0.05.

Results

Demographics

Demographic and disease related characteristicprasented in Table 1. In total, 22 boys
and 41 girls participated in the study. The longbsease durations were seen in the oldest
age group. No significant differences were notefivben age groups with respect to disease
duration, body mass index (BMI), disease activitarkers as measured by number of
swollen and tender joints, DAS28, JADAS 27 and tabary values.



Aerobic Capacity

The median peak heart rate was 187 beats per miihterquartile range [IQR] 17),
indicating an adequate level of maximum achieveset@se. The median aerobic capacity in
all patients with JIA was considerably lower congmhto healthy peers, with a median z-
score of -0.8 (g0.01) for absolute V@eak (L/min) and -1.5 (p<0.01) for relative
VOazpealkg (MlI/kg/min) in all patients. V@eakdid not differ significantly by gender, disease
duration or JIA sub-type; therefore all patientsaveerged for further analysis. There were
no statistical significant differences in the z+ssofor absolute and relative Yk« between
the different age groups (Figure 1).

Figure 1 Aerobic capacity (expressed as median Z-score of jacand VOopeadkg) in
relation to age in adolescents and young adults WitJIA. Z scores are compared to age
and sex related healthy controls (p-values <0 Akhreviations: Z-scorestandard deviation
of the individual patient compared with values frage- and sex- related historical Dutch
controls[37]; VQpeak abs highest oxygen uptake in liters of oxygen perutgn(l/min) during
maximum exercise test in I/min; \(gAadkg : highest oxygen uptake in milliliters of oxygen
per kilogram of bodyweight per minute (ml/min/kg)rthg maximum exercise.

Aerobic capacity and disease activity

Spearman’s correlation coefficient revealed a §icgmt negative correlation between the
number of swollen joints and absolute 3« z-score, but not with relative \/ga«z-score
(Table 2). No significant correlations were seetween VQpeakvalues and the number of
painful joints (Table 2). Both disease severity ponnd scores (DAS28 and JADAS 27)
showed significant moderately strong negative @asions with all VQpeacvalues (Table 2).

Table 2Median values (IQR) of Disease activity markers an@pearman’s Correlation
Coefficient values for Aerobic Capacity (expresselly absolute and relative VO2 peak)
(level of significance:* indicates significance 0.05; ** indicates significance <0.01)

Median Correlation Z-score  Correlation Z—score
(IQR) VO peak (p -value) VO zpealkg (p -value)

Number of swollen jointsin 0.0 (0) -0.3 (**) -0.1
lower extremities

number of swollen jointsin 0.0 (2) -0.3 (**) -0.1
upper and lower extremities

Number of painful joints 0.0 (2) -0.1 -0.1
lower extremities

number of painful jointsin 0.0 (4.0) -0.2 -0.1
upper and lower extremities

number of limited joints in 2.0 (4.0)) -0.3 (*) -0.3 (%)
upper and lower extremities

Active joint coun 0.0 (O -0.3 (**) -0.2
VAS patient 0.5(2.6) -0.3 (* -0.3 (*
DAS28 1.6 (1.2) -0.4 (**) -0.4 (**)
JADAS 27 2.9 (9.0 -0.3(**) -0.4(**)

Abbreviations



IQR: interquartile range, Z-scorstandard deviation of the individual patient congglawith
values from age- and sex- related historical Dutshtrols(37); VQpeak abs highest oxygen
uptake in liters of oxygen per minute (I/min) dgimaximum exercise test in I/min;
VOazpealkg : highest oxygen uptake in milliliters of oxygeargkilogram of bodyweight per
minute (ml/min/kg) during maximum exercise; VAS ipat: Visual Analogue Scale of
General Health (0-100 mm); DAS28: Disease ActivBgore of 28 joints; JADAS 27:
Juvenile Arthritis Disease Activity Score of 27rjts

A substantial proportion of the patients presemati low disease activity as reflected by
low median numbers of swollen and painful jointalfle 2). The patients were divided into 2
groups based on disease activity status, theseded| patients in remission or inactive
disease (defined by Wallace et al. [40], activatj@ount zero; DAS282.6) and a patient
group with disease activity (active joint count arel higher; DAS28 2.6)[40,41]. Between
these patient groups, significant differences assued by active joint count and DAS28
score were seen (Figure 2).

Figure 2 Aerobic capacity (expressed as Z-score of \Viakand VO,peadkg) in relation

to disease activity in adolescents and young adulgth JIA in remission and with active
diseaseZ scores are compared to age and sex matchethyhealttrols (* p-values <0.05;
**p-values <0.01). Abbreviations: Z-scosgandard deviation of the individual patient
compared with values from age- and sex- relatedisil Dutch controls[37]; V@eak abs
highest oxygen uptake in liters of oxygen per men{lfimin) during maximum exercise test in
I/min; VOopeadkg : highest oxygen uptake in milliliters of oxygeergkilogram of

bodyweight per minute (ml/min/kg) during maximurnreesise; AJC: Active Joint Count;
DAS28: Disease Activity Score of 28 joints.

Significant negative correlations were observedvben laboratory parameters reflecting
disease activity (ESR, thrombocytes) and the aercbpacity (Table 3). Conversely, no
relationship was seen between C-reactive proteiracaite phase protein and ¥« (Table

3). We found a positive significant correlationweéen serum haemoglobin and the relative
VOzpeadkg in boys as well in the total patient groupgiris, a positive significant correlation
between serum haemoglobin and the absolute,d(p<0.05, Table 3) was observed.
Lower VOypeakand VQypealkg values were noted in patients with anaemia @etpto those
who were not anaemic €0.05).

Table 3Median (IQR) Standard Laboratory Values and Spearma’s Correlation
Coefficients for Aerobic Capacity (expressed by aledute and relative VO2 peak) (level
of significance:* indicates significance< 0.05; ** indicates significance <0.01)

Median Correlation with Z-score  Correlation Z-score

(IQR) VO zpeak (p -value) VO zpearkg (p -value)
ESR (mm) 8.0 (13) -0.3 (¥ -0.5 (**)
CRP (mgl/l 5.5 (6 -0.2 -0.2
Thrombocytes 302 (110) -0.4 (**) -0.5(**)
(10.9/1)
Haemoglobir 8.1(1.2 +0.C +0.5 (*)
(mmol/l) boys
Haemoglobin 7.8 (1.1) +0.3 (*) +0.2

(mmol/l) girls




Abbreviations

IQR: Interquartile Range; Z-scorgtandard deviation of the individual patient congglawith
values from age- and sex- related historical Dutehtrols(37); VQpeak ans highest oxygen
uptake in liters of oxygen per minute (I/min) dgimaximum exercise test in |/min;
VOazpealkg : highest oxygen uptake in milliliters of oxygeargkilogram of bodyweight per
minute (ml/min/kg) during maximum exercise; ESRythrocyte Sedimentation Rate (ref 2-
12 mm in 1 hour); CRP: C-Reactive Protein (ref Oafiligram per litre); thrombocytes (ref
150-450 10.9 per litre); Haemoglobin boys (ref: ggeup 10-12 yrs: 6.6-.8.4 millimol per
liter age 12-18 yrs 6.9-9.1 millimol per liter; agd8 yrs: 8.6-10.5 millimol per liter);
Hemoglobin girls (ref: age 10-12 yrs 6.6-8.4 mibiimper liter; age 12-18 yrs 6.8-8.3
millimol per liter; age >18 yrs:7.5-9.5 millimol péter)

Aerobic Capacity and Use of Disease Modifying AntRheumatic Drugs
(DMARD)

Thirteen of our patients were not using any DMARItree time of the testing, 38 patients
were using one DMARD, 11 patients were using a doatlon of two DMARD’s and only 1
patient was on a combination therapy of three DMARDIon-parametric tests revealed no
significant differences in aerobic capacity betwé#sse patients. No significant correlations
were found between current use of DMARD and abeaddund relative V@eacvalues. When
looking at historical DMARD use, only use of antisfior Necrosing Factor biologicals in 10
patients was significantly associated with lowersabte and relative V&eax values
(p<0.05). Duration of current and formerly MTX use didt affect aerobic capacity.

A total of 6 patients were currently using cortiaweids at the time of testing, while 10
patients had used them the past and 47 patients msed corticosteroids. Neither current
nor former corticosteroid use was significantlyatetl to aerobic capacity.

Discussion

Although a favorable long-term outcome is seenbiout half of the patients with JIA [1],
results of the current study highlight a significampairment in aerobic capacity, with a
median z score of —1.5 in all patients (childredplascents and young adults with JIA.
Although disease duration and DMARD use were exguetd have a negative influence on
aerobic capacity, no significant correlations, wtitle exception of past biological use were
seen between these variables.

Despite the overall low median disease activitpum patient group, representing the general
favorable disease outcome, aerobic capacity wlssgmificantly reduced in patients with
JIA compared to healthy controls. Significant imp#nts in aerobic capacity have
previously been reported in youth with other cheodiseases including Crohn’ disease and
dermatomyositis [42-44]. A significant correlatiof disease activity with aerobic capacity
was found (Table 2), the strongest correlationsewsen for the compound scores DAS28
and JADAS27. When considering separate items, &eoapacity was significantly related
to the number of swollen, limited, and active jeinbut not to the number of painful joints.
Apparently, joint-pain is a negligible limiting feor in reaching a maximum of exercise
levels.



When the study population was divided by diseaseiycstatus, (remission or inactive
disease [40] versus active disease) significafémdifces in aerobic capacity were observed
(Figure 2). Since a lower aerobic capacity was alsted in patients in remission compared
with healthy controls, one might hypothesize thatent indicators of disease activity in JIA
are not always sufficient to predict impaired aérotapacity. As low aerobic capacity is
linked with an increased risk of developing othkromic diseases including cardiovascular
diseases, diabetes, cancer, hypertension, obdsjtyession and osteoporosis [13], as well as
an increased risk of mortality in adults [14], tlusrrent finding is of importance for the
guality of life of all patients with JIA.

Significantly negative correlations were observeztween ESR, thrombocytes and both
absolute and relative aerobic capacity, suggesthmj disease activity and systemic
inflammation may negatively affect aerobic capaciBxtensive studies on the role of
inflammatory cytokines (e.g. TN&) in maintaining the balance between muscle protein
synthesis and degradation [7] have lead to theeqtrafrheumatoid cachexia, a condition in
which muscle protein degradation is favored overmthsgsis resulting in muscle wasting,
impaired muscle strength and a concomitant incref$at mass. Body mass index was used
as an indirect parameter of body composition in ¢bhgent study, but did not reveal any
significant relationship with aerobic capacity. Wdugh it has been described a common
complication in JIA [45], we did not find a sigrifint growth retardation (median lengti"50
percentile; median weight #ercentile) in our population.

Future studies in patients with JIA might also ¢desthe inclusion of detailed determination
of body composition (muscle mass, fat mass and bwass) next to muscle strength testing.

This is the first study in patients with JIA to shéower aerobic capacity in individuals with
lower serum hemoglobin .This correlation may bel&xped by a lower oxygen transport
capacity to the muscles. In chronic conditions léed-stage kidney disease, anemia is
thought to at least partly explain the observedicédn in aerobic capacity [46]. Anemia is
often considered a reflection of disease activity][ suggesting that perhaps the observed
correlation with aerobic capacity is due to diseasévity, rather than anaemia per se;
however, this relationship remained significant whbe data were corrected for disease
activity.

In our study, no evidence for the influence of &IMARD or glucocorticoids intake on
aerobic capacity was found, and also duration ofXMfieatment was not correlated with
VOypeak Although in earlier days MTX treatment was limitedmore severe disease course,
in our study population, MTX is used in all subtgpd JIA and in almost all patients (61 out
of 63 patients). Only past anti-TNF biological tey appeared to negatively influence
aerobic capacity; this may be related to the faat anti-TNF in the Netherlands is restricted
to patients with a poly-articular disease courderdhilure of treatment with, or untreatable
side effects of high dose MTX. This suggests thaiase severe disease course, rather than
biological therapy, per se, is associated withveeloaerobic capacity. It is important to note
that despite our finding of similar disease acyivetmong all JIA subtypes and DMARD
utilization, generally patients with a poly-artiauland systemic JIA are considered to have a
more severe disease course.

In longstanding JIA muscle atrophy, decreased meustiength and lower extremity
deformities might serve to limit aerobic capaciMoreover much like adults with RA,
patients with JIA may have low levels of physicatidty (hypo activity)[22], highlighting



the need for more rigorous training programs is fiopulation to prevent the increased risk
of developing chronic diseases like cardiovascdiaease and diabetes [13,48,49]. In the
present study, approximately 73% of the patierpented participating in sport more than 12
times a year, compared with 68% in general popnidi85]. In our study, sport participation
was not significantly correlated with aerobic capa@esults not shown).

We realize that the current patient group represargelect group of patients that may not be
reflective of the general pediatric and young addieumatology population. More
specifically, since the patients in our study, atdeast 10 years of age, the percentage of
persistent oligo-articular patients is lower thhae proportion typically seen in the pediatric
outpatient clinic. Despite this patient selectignis remarkable that a negative correlation
was observed between disease activity and aerapicdy, which persisted into adulthood.
Furthermore it is also important to note that altfioa number of correlations presented were
only moderately strong, they remained significamd avere consistent across several markers
that reflect disease activity, namely DAS 28, JAD2EF and laboratory markers like ESR,
thrombocytes and hemoglobin.

Conclusions

In conclusion, our results demonstrate that childeelolescents and young adults with JIA
suffer from reduced aerobic capacity. This impammi aerobic capacity was seen in
patients with active disease as well as those nmisson. Further, we report that aerobic
capacity is negatively correlated to disease dgtias measured by physical examination as
well as several laboratory parameters. Given that perobic capacity has been linked with
a number of healthy complications, these findinghlight the need for longstanding follow
up into adulthood of patients with JIA, even ifehse activity is low or in remission.

Authors’ information

AAK and NMW shared last authorship.

Acknowledgements

This study was funded by an unconditional reseagcént from the Dutch Arthritis
Association (DAA); (grant number FS1-03-4).
We would like to thank Ms J Obeid for her kind sagpn language editing.

References

1. Flato B, Aasland A, Vinje O, Forre @utcome and predictive factors in juvenile
rheumatoid arthritis and juvenile spondyloarthropathy. J Rheumatol 1998, 25(2):366—
375.

2. Fantini F, Gerloni V, Gattinara M, Cimaz R, AltioC, Lupi E: Remission in juvenile
chronic arthritis: a cohort study of 683 consecutie cases with a mean 10 year followup.
J Rheumatol 2003,30(3):579-584.



3. Packham JC, Hall MALong-term follow-up of 246 adults with juvenile idiopathic
arthritis: functional outcome. Rheumatology (Oxford) 2002,41(12):1428-1435.

4. Oen K, Malleson PN, Cabral DA, Rosenberg AMP&E, Cheang MDisease course
and outcome of juvenile rheumatoid arthritis in a multicenter cohort. J Rheumatol 2002,
29(9):1989-1999.

5. Solari N, Viola S, Pistorio A, Magni-Manzoni 8jtale R, Ruperto Ngt al: Assessing
current outcomes of juvenile idiopathic arthritis: a cross-sectional study in a tertiary
center sample Arthritis Rheum 2008,59(11):1571-1579.

6. Minden K, Niewerth M, Listing J, Biedermann Tol®w M, Schontube Met al: Long-
term outcome in patients with juvenile idiopathic athritis. Arthritis Rheum 2002,
46(9):2392-2401.

7. Roubenoff R, Roubenoff RA, Cannon JG, KehaylaZzBuang H, Wson-Hughes &,al:
Rheumatoid cachexia: cytokine-driven hypermetabolism accompanying reduced body
cell mass in chronic inflammation.J Clin Invest 1994,93(6):2379-2386.

8. D'Agostino RB Sr, Vasan RS, Pencina MJ, Wolf fgbain M, Massaro JMet al:
General cardiovascular risk profile for use in primary care: the Framingham Heart
Study. Circulation 2008,1176):743—-753.

9. John H, Kitas G, Toms T, Goodson Kardiovascular co-morbidity in early
rheumatoid arthritis. Best Pract Res Clin Rheumatol 2009,23(1):71-82.

10. Gabriel SEWhy do people with rheumatoid arthritis still die prematurely? Ann
Rheum Dis 2008,67(Suppl 3)iii30—iii34.

11. Gabriel SE, Michaud KEpidemiological studies in incidence, prevalence, ontality,
and comorbidity of the rheumatic diseasesArthritis Res Ther 2009,11(3):229.

12. French AR, Mason T, Nelson AM, O'Fallon WM, @abSE: Increased mortality in

adults with a history of juvenile rheumatoid arthritis: a population-based study.
Arthritis Rheum 2001,44(3):523-527.

13. Warburton DE, Nicol CW, Bredin S3iealth benefits of physical activity: the
evidence CMAJ 2006,174(6):801-809.

14. Byberg L, Melhus H, Gedeborg R, Sundstrom Jpbéim A, Zethelius Bgt al: Total
mortality after changes in leisure time physical ativity in 50 year old men: 35 year
follow-up of population based cohortBr J Sports Med 2009,43(7):482.

15. Caspersen CJ, Powell KE, Christenson &Mysical activity, exercise, and physical
fitness: definitions and distinctions for health-réated research.Public Health Rep 1985,
100(2):126-131.

16. Presidents council on Physical fitheRasearch Digest.:2000:1-1.



17. Blair SN, Cheng Y, Holder J& physical activity or physical fithess more impotant
in defining health benefits?Med Sci Sports Exerc 2001,33(6 Suppl):S379-S399.

18. Myers J, Prakash M, Froelicher V, Do D, PatongS, Atwood JEExercise capacity
and mortality among men referred for exercise testig. N Engl J Med 2002,346(11):793—
801.

19. van Brussel M, Lelieveld OT, der NJ v, Engetli®H, Helders PJ, Takken Rerobic
and anaerobic exercise capacity in children with juenile idiopathic arthritis. Arthritis
Rheum 2007,57(6):891-897.

20. Takken T, Hemel A, van der NJ, Helders &drobic fitness in children with juvenile
idiopathic arthritis: a systematic review.J Rheumatol 2002,29(12):2643—-2647.

21. Lelieveld OT, van Brussel M, Takken T, van Wde&rvan Leeuwen MA, Armbrust W:
Aerobic and anaerobic exercise capacity in adolests with juvenile idiopathic
arthritis. Arthritis Rheum 2007,57(6):898—-904.

22. Lelieveld OT, Armbrust W, van Leeuwen MA, Duppd, Geertzen JH, Sauer Rjal:
Physical activity in adolescents with juvenile idipathic arthritis. Arthritis Rheum 2008,
59(10):1379-1384.

23. Houghton KM, Potts JE, Sheel AW, Petty RE, Makie DC:Aerobic and anaerobic
capacity in Juvenile Idipatic Arthritis: evaluation of the cardiorespiratory responseThe
internet Journal of Rheumatology 2008,5(2). doi:DOI 10.5580/201f.

24. Lindehammar H, Sandstedteasurement of quadriceps muscle strength and bulk
in juvenile chronic arthritis. A prospective, longitudinal, 2 year survey.J Rheumatol
1998,25(11):2240-2248.

25. Mauras N:Growth hormone therapy in the glucocorticosteroid-é&pendent child:
metabolic and linear growth effects Horm Res 2001,56(Suppl 1):13-18.

26. Knook LM, de Kleer IM, van der Ent CK, van déet JJ, Prakken BJ, Kuis Wung
function abnormalities and respiratory muscle weakess in children with juvenile
chronic arthritis. Eur Respir J 1999,14(3):529-533.

27. Khadadah ME, Jayakrishnan B, Al Gorair S, Altdad M, Al Maradni N, Onadeko Bet
al: Effect of methotrexate on pulmonary function in patents with rheumatoid arthritis--
a prospective study Rheumatol Int 2002,22(5):204-207.

28. Schmeling H, Stephan V, Burdach S, HornefP@Imonary function in children with
juvenile idiopathic arthritis and effects of methotrexate therapy. Z Rheumatol 2002,
61(2):168-172.

29. Camiciottoli G, Trapani S, Castellani W, GinaRn Ermini M, Falcini F:Effect on lung
function of methotrexate and non-steroid anti-inflanmatory drugs in children with
juvenile rheumatoid arthritis. Rheumatol Int 1998,18(1):11-16.



30. Metin G, Ozturk L, Kasapcopur O, Apelyan M, gay N: Cardiopulmonary exercise
testing in juvenile idiopathic arthritis. J Rheumatol 2004,31(9):1834—-1839.

31. Petty RE, Southwood TR, Manners P, Baum J, SGIasl, Goldenberg Jet al:
International League of Associations for Rheumatolgy classification of juvenile
idiopathic arthritis: second revision, Edmonton, 2@1.J Rheumatol 2004,31(2):390-392.

32. Singh G, Athreya BH, Fries JF, Goldsmith DNteasurement of health status in
children with juvenile rheumatoid arthritis. Arthritis Rheum 1994,37(12):1761-17609.

33. Ruperto N, Ravelli A, Pistorio A, Malattia Cadito S, Gado-West let al: Cross-

cultural adaptation and psychometric evaluation ofthe Childhood Health Assessment
Questionnaire (CHAQ) and the Child Health Questionmaire (CHQ) in 32 countries.

Review of the general methodology. Clin Exp Rheumatol 2001,19(4 Suppl 23):S1-S9.

34. Wulffraat N, van der Net JJ, Ruperto N, Kamplsj Prakken BJ, ten Cate ®al: The
Dutch version of the Childhood Health Assessment stionnaire (CHAQ) and the
Child Health Questionnaire (CHQ). Clin Exp Rheumatol 2001,19%(4 Suppl 23):S111-S115.

35. Dool R, Elling A, Hoekman RSporters Monitor 2008; description of actual
sportissuesMulier Instituut iov NOC*NSF 20091-124.

36. Nathan DG, Orkin SH, Ginsburg Blematology of infancy and childhood; textbook.: ;
2003.

37. Binkhorst RA, Hof MA v't, Saris WHMMaximale inspanning door kinderen;
referentiewaarden voor 6-18 jarige meisjes en jonge [Maximal exercise in children;
reference values girls and boys, 6—18 year of ag&len-Haag: Nederlandse Hartstichting
1992,1(1):1992.

38. Consolaro A, Ruperto N, Bazso A, Pistorio A,giiaManzoni S, Filocamo Get al:
Development and validation of a composite diseasetavity score for juvenile idiopathic
arthritis. Arthritis Rheum 2009,61(5):658—666.

39. Prevoo ML, 't Hof MA, Kuper HH, van Leeuwen M#an de Putte LB, van Riel PL:
Modified disease activity scores that include twegteight-joint counts. Development
and validation in a prospective longitudinal studyof patients with rheumatoid arthritis.
Arthritis Rheum 1995,38(1):44—-48.

40. Wallace CA, Ruperto N, Giannini Preliminary criteria for clinical remission for
select categories of juvenile idiopathic arthritisJ Rheumatol 2004,31(11):2290-2294.

41. Fransen J, Creemers MC, van Riel Remission in rheumatoid arthritis: agreement
of the disease activity score (DAS28) with the ARAreliminary remission criteria.
Rheumatology (Oxford) 2004,43(10):1252-1255.

42. Takken T, Spermon N, Helders PJ, Prakken ABNdeV: Aerobic exercise capacity in
patients with juvenile dermatomyositis.J Rheumatol 2003,30(5):1075-1080.



43. Takken T, Terlingen HC, Helders PJ, Pruijs nwler Ent CK, Engelbert RH:
Cardiopulmonary fitness and muscle strength in pagnts with osteogenesis imperfecta
type I. J Pediatr 2004,1456):813-818.

44. Ploeger HE, Takken T, Wilk B, Issenman RM, Sd&r Suri Set al: Exercise Capacity
in Pediatric Patients with Inflammatory Bowel Diseae.J Pediatr 2011,1585):814-9.

45. Minden K:Adult outcomes of patients with juvenile idiopathicarthritis. Horm Res
2009,72(Suppl 1):20-25.

46. Konstantinidou E, Koukouvou G, Kouidi E, Detighis A, Tourkantonis AExercise
training in patients with end-stage renal diseaserohemodialysis: comparison of three
rehabilitation programs. J Rehabil Med 2002,34(1):40-45.

47. Harvey AR, Pippard MJ, Ansell BNMicrocytic anaemia in juvenile chronic arthritis.
Scand J Rheumatol 1987,16(1):53-59.

48. Lemmey AB, Marcora SM, Chester K, Wilson S, @awa F, Maddison PEffects of
high-intensity resistance training in patients withrheumatoid arthritis: a randomized
controlled trial. Arthritis Rheum 2009,61(12):1726-1734.

49, Gualano B, Sa Pinto AL, Perondi B, Leite Préad, Omori C, Almeida RTet al:
Evidence for prescribing exercise as treatment in gdiatric rheumatic diseases.
Autoimmun Rev 2010,9(8):569-573.





