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Göteborg, Sweden 

Juvenile chronic arthritis (JCA) is characterized by arthritis and onset before 

16 years of age and of unknown etiology with an annual incidence between 7 

and 23/100,000 in the Nordic countries. Several studies report different 

results concerning long-term outcomes. There are few population based 

longitudinal long-term follow-up studies of JCA. 

We have conducted a longitudinal population based study of one cohort of 

incidence and one of prevalence cases of JCA. Out of 132 patients in the 

prevalence cohort, 128 were followed for 5 years with annual reports. At the 

5-year follow-up the disease was active in 12%, stable in 28%, inactive in 

25% and in remission in 34%. Thirty-four percent had changed subgroup, 8% 

had developed uveitis and the median Childhood Health Assessment 

Questionnaire (CHAQ) score was 0.13 (range 0.0–1.9). The number of 

involved joints at inclusion predicted active disease. Disease onset age, 

number of involved joints and joints with arthritis at inclusion were 

positively correlated with continuous disease and the CHAQ score at the 5-

year-follow-up. 

After an average of 17 years from disease onset 86 individuals of the 

incidence cohort participated in a follow-up. Forty percent were in remission, 

44% had changed subgroups, the median HAQ score was 0.0 (0.0–1.5) and 

Keitel functional test score 100 (54–100). Health related quality of life 

evaluated by the Short Form-36 was found significantly lower in JCA 

compared to a reference group. Thirty-nine percent of the individuals in 

remission at the 5-year follow-up were no longer in remission. Long-term 

outcome was predicted by characteristics at the 5-year follow-up rather than 

at the onset.  
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Calcanear bone mineral density (BMD) was measured with dual-energy 

absorptiometry and laser in 85 individuals of the incidence cohort at the 17-

year follow-up. The BMD Z-scores were significantly lower in both sexes 

compared to the reference population, also in the individuals in remission. A 

BMD Z-score < -1SD was associated with the use of hormonal 

contraceptives in the women and the disease activity at the 17-year follow-up 

in the men. 

To investigate long-term socioeconomic outcomes the prevalence cohort was 

examined at an average of 22 years after disease onset when the patients had 

reached 28–35 years of age. Ninety-five participants, 71% of the original 

cohort, were followed-up. The participants answered a questionnaire 

concerning education, income, disability benefits, marital/civil status and 

children. Among the women 14.9% had full or partial disability pension 

compared to 3.0% in the general population (p<0.001). The men had 

borderline lower education compared to the general population (p=0.051). No 

significant differences in income, marital/civil status and reproduction either 

for men or women were demonstrated; no predictors during the early disease 

course and socioeconomic outcomes were identified. 

To conclude, in these two longitudinal long-term outcome studies, JCA was 

shown to be heterogeneous both concerning course of subgroup and disease 

activity and only 40% were in remission at the 17-year follow-up. The quality 

of life and the calcanear BMD were negatively affected. No large impact on 

socioeconomic outcomes was found on group level. 

Keywords: Juvenile idiopatic arthritis, outcome study, longitudinal study 
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BAKGRUND 

Varje år drabbas i Sverige uppemot 200 barn och indirekt deras familjer av 

juvenil artrit. Juvenil artrit är en grupp av reumatologiska autoimmuna och 

autoinflammatoriska sjukdomar med inflammation i olika leder eller i ryggen 

som medför risk för inskränkningar i funktion och aktivitet samt svårigheter 

att delta fullt ut i ett normalt liv. Juvenil artrit hos barn kan te sig på många 

olika sätt med inflammation i många olika leder, med skiftande mönster av 

utbredning i lederna och med varierande prognos. Ibland dominerar så 

kallade systemmanifestationer med bland annat feber. Det har också funnits 

olika sätt att dela in sjukdomen där juvenil kronisk artrit (JCA) tidigare 

användes i Europa men där juvenil idiopatisk artrit (JIA) nu har använts 

globalt under det senaste decenniet. 

Det finns få långtidsuppföljningar av JCA/JIA och de som har utförts bygger 

framför allt på patienter från specialistkliniker och utgör på så sätt en grupp 

med sannolikt svårare sjukdom. I uppföljningar där deltagarna 

sökts/inkluderats från på alla vårdnivåer saknas ingående kännedom om den 

långsiktiga sjukdomsutvecklingen såsom risken för kvarstående aktiv 

sjukdom, bestående funktionsinskränkningar och socioekonomiska aspekter.  

HUVUDSYFTEN 

Syftet med projektet är att få mer kunskap om långtidsförloppet vid JCA 

genom uppföljning 5 år och mer än 15 år efter sjukdomsdebuten: 

 Avseende typiska drag för sjukdomen såsom förändring av 

undergrupp, sjukdomsaktivitet och funktionsförmåga samt att söka 

faktorer som kan förutsäga sjukdomsaktivitet och funktionsförmåga, 
delarbete I. 

 Avseende typiska drag för sjukdomen såsom förändring av 

undergrupp, sjukdomsaktivitet, funktionsförmåga och 

livskvalitetsaspekter samt att söka faktorer som kan förutsäga 
sjukdomsaktivitet, funktionsförmåga och livskvalitetsaspekter, 

delarbete II. 

 Avseende benhälsa och faktorer som kan förutsäga risk för sämre 

benhälsa, delarbete III. 
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 Avseende konsekvenser av utbildningsnivå, inkomst, förtidspension 

samt familjeförhållande i jämförelse med vanlig befolkning, 
delarbete IV. 

 

METOD 

Projektet består av uppföljningar som löper över tid. Två patientgrupper 

undersöktes mer än 15 år efter deltagarnas insjuknande. Patienterna i 

projektet värvades ursprungligen i Västsverige till så kallade epidemiologiska 

studier 1984 till 1986 där man undersökte hur vanligt förekommande 

sjukdomen var. En grupp bestod av patienter som insjuknat under perioden 

(incidenskohort) och en grupp bestod av patienter som hade sjukdomen den 

31:a december 1988 (prevalenskohort). De europeiska kriterierna för att 

beskriva sjukdomen JCA användes för att identifiera barnen och för att dela 

upp dem i undergrupper. Undergrupperna bestod av systemisk form, 

polyartikulär form (påverkan av minst fem leder), pauciartikulär form 

(påverkan av mindre än fem leder), monoartikulär form (påverkan av en led), 

ankyloserande spondylit (inflammation i ryggen/bäckenlederna), psoriasis 

artrit (ledinflammationer tillsammans med hudpsoriasis) samt formen som är 

associerad med inflammatorisk tarmsjukdom.  

Vid uppföljningarna utfördes bland annat ledundersökning och blodprover 

togs. Vid 5-årsundersökningen av incidenskohorten utfördes också 

ögonundersökning samt röntgen av leder som var inflammerade om det inte 

gjorts det närmaste året. Deltagarna undersöktes också med ett formulär för 

att skatta den fysiska funktionen, så kallat Childhood Health Assessment 

Questionnaire (CHAQ) och deras medicinering kartlades. 

Vid uppföljningen mer än 15 år efter insjuknandet utfördes också 

ledundersökning, blodprovstagning samt kartläggning av medicinering. Ett 

funktionsskattningsformulär, Health Assessment Questionnaire (HAQ) samt 

en livskvalitetsenkät, Short Form 36 (SF-36) fylldes i av deltagarna. Ett 

funktionstest av enkla rörelsemönster, Keitel functional test (KFT) 

genomfördes. Deltagarna i incidenskohorten undersöktes även med 

bentäthetsmätning av hälbenen med en metod som kombinerar röntgen och 

laser. Deltagarna i prevalenskohorten fick fylla i uppgifter om utbildning, 

inkomst, förtidspension/sjukersättning samt familjeförhållanden.    
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RESULTAT 

Delarbete I, baseras på incidenskohorten. Vid 5 år efter insjuknande hade 40 

% fortfarande en aktiv sjukdom och 34 % var i remission medan 25 % inte 

hade tecken till sjukdomsaktivitet men hade behövt medicinering de sista två 

åren. Åttiofyra patienter röntgades varav 24 % hade röntgenförändringar av 

vilka hälften mer avancerade förändringar. Vid 5-årskontrollen var medianen 

för CHAQ 0,13 med spridning från 0,0 till 1,9. Stort antal involverade leder 

(endera värmeökning, ömhet, svullnad eller rörelseinskränkning) vid 

inklusion medförde ökad risk för aktiv sjukdom vid 5-årskontrollen. Hög 

ålder vid insjuknande, stort antal involverade leder och antal leder med 

ledinflammation vid inklusion resulterade i ökad risk för mer kontinuerlig 

sjukdom och påverkad funktionsförmåga enligt CHAQ. Slutligen var 

röntgenförändringar oftare förekommande i den polyartikulära undergruppen. 

Delarbete II, baseras på incidenskohorten. Vid i genomsnitt 17 år efter 

insjuknande fann vi att 41 % hade aktiv sjukdom och att 40 % var i remission 

medan 19 % inte hade tecken till sjukdomsaktivitet men hade behövt 

medicinering de 2 föregående åren. Av de med aktiv sjukdom hade ungefär 

hälften antireumatisk medicinering. Vi fann att 44 % hade ändrat undergrupp 

och 39 % av de deltagare som var i remission efter 5 år var inte i remission 

efter 17 år. Medianen för HAQ var 0,0 med spridning från 0,0 till 1,5 och för 

KFT 100 (spridning 54 – 100). SF-36, d.v.s. den hälsorelaterade 

livskvaliteten var signifikant lägre jämfört med ålders- och könsmatchad 

normalbefolkning avseende samtliga delskalor. Sjukdomsrelaterade faktorer 

vid 17-årskontrollen var mera kopplat till tillståndet vid 5-årskontrollen än 

med faktorer vid insjuknandet. 

Delarbete III, baseras på incidenskohorten. Benhälsan var påverkad med 

signifikant sänkt bentäthet för både män och kvinnor jämfört med en 

referenspopulation. Vi fann också att bentätheten för deltagarna som var i 

remission var sänkt. Låg bentäthet för män var korrelerad till mer aktiv 

sjukdom vid undersökningen och för kvinnor var låg bentäthet korrelerad till 

användning av p-piller. 

Delarbete IV. I prevalenskohorten där individerna var mellan 28 och 35 år 

vid uppföljningen fann vi att 14,9 % av kvinnorna i kohorten hade hel eller 

deltids förtidspension/sjukersättning jämfört med 3,0 % i vanlig befolkning 

vilket var en signifikant skillnad. För männen var det ingen skillnad. 

Utbildningsnivån bland männen i kohorten var gränssignifikant lägre jämfört 

normalbefolkningen (p=0.051) men det fanns ingen skillnad för kvinnorna. 

Den genomsnittliga inkomsten av tjänst eller ersättning från 
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försäkringskassan, andelen som var sambo eller gifta och andelen som hade 

barn skiljde sig inte signifikant jämfört med normalbefolkningen varken för 

män eller för kvinnor. Vi fann inga faktorer från tidigt skede i sjukdomen 

som medförde ökad risk för avvikande socioekonomiska aspekter jämfört 

med normalpopulationen.  

SLUTSATSER 

De här två kohorterna visade att JCA kan ha mycket varierande långsiktigt 

förlopp både avseende utveckling av undergrupper och av sjukdomsaktivitet. 

Vid undersökningen efter 17 år var bara 40 % i remission och den 

hälsorelaterade livskvaliteten var signifikant lägre än förväntat. Mer än 

hälften hade någon påverkan av den fysiska funktionen. Sjukdomsrelaterade 

faktorer efter 17 år var mer kopplade till utfallet vid 5-årskontrollen än vid 

början av sjukdomen. Bentätheten i hälbenen var signifikant lägre än 

förväntat. Lägre bentäthet var associerat med aktiv sjukdom vid 

undersökningen för män och användning av p-piller för kvinnor.   

Socioekonomiskt medförde sjukdomen inte någon kraftig långsiktig påverkan 

på gruppnivå. Vi fann inga faktorer från tidigt skede i sjukdomen som 

medförde ökad risk för inverkan ur socioekonomiskt avseende. 
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Although some earlier descriptions of childhood arthritis may exist, George F 

Still’s observation of juvenile arthritis from 1897 is considered to be the one 

of the most important in the 19
th

 century, describing a series of children with 

chronic arthritis, seven girls and five boys
1
. He stated that the disease differed 

from adult rheumatoid arthritis (RA) and had a character of heterogeneity. 

Since then many different classifications have been used. Childhood arthritis 

are broad terms that describe a clinically heterogeneous group of arthritis, 

which begin before 16 years of age
2
. In the recent decades mainly three 

criteria are used: juvenile rheumatoid arthritis (JRA)
3
, juvenile chronic 

arthritis (JCA)
4
 and juvenile idiopathic arthritis (JIA)

5,6
. 

The American Rheumatology Association (ARA) criteria for JRA were 

revised by the American College of Rheumatology (ACR) in 1977. These 

JRA criteria require at least six weeks of disease duration and have three 

onset types: the systemic form, the polyarticular form with more than 5 joints 

with arthritis and the pauciarticular form with arthritis in one to four joints. 

The JRA criteria were especially used in America while the JCA criteria that 

were proposed by the European League Against Rheumatism (EULAR) were 

used in Europe.  

The JCA criteria require tree months of disease duration and there are six 

subgroups: (a) onset with systemic features; (b) onset with polyarthritis in the 

absence of marked systemic features, five or more joints affected; (c) onset 

with arthritis affecting four joints or fewer – pauciarticular. Within these 

groups children with probable juvenile ankylosing spondylitis (JAS), juvenile 

psoriatic arthritis (JPA), and arthritis associated with inflammatory bowel 

disease (IBD) were also possible to identify
4
. 

In the end of the 20
th
 century the International League of Associations for 

Rheumatology (ILAR) proposed a set of criteria for JIA that requires six 

weeks of disease duration like the JRA criteria but contains more subtypes 

like the JCA criteria. These subtypes are the systemic arthritis, polyarthritis, 

oligoarthritis, psoriatic arthritis, enthesitis related arthritis and 
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undifferentiated arthritis. The polyarthritis subtype requires that at least five 

joints are affected with arthritis and is further divided into rheumatoid factor 

(RF) negative and RF positive RF should be positive on two occasions at 

least three months apart and within the first six months. The oligoarticular 

subtype is further divided into oligoarticular persistent if the number of joints 

with arthritis remains less than five throughout the disease course and 

oligoarticular extended if the cumulative number of joints with arthritis is 

five or more after six months of disease
5,6

.  

These JIA criteria are now used globally but the criteria of arthritis in 

childhood are still a matter for discussions. Some believe that the criteria 

should include antinuclear antibody (ANA) positivity in order to better 

identify homogeneous patient populations for future genetic and 

immunopathogenetic investigations, outcome studies, and clinical trials
7
. 

Others believe that criteria resembling that for adult RA should be applied to 

distinguish a group with childhood-onset RA
8
.  

 

 

Juvenile arthritis is a rare disease and the classification issues discussed 

above further complicates comparison of different epidemiological studies. In 

the Nordic countries different studies show an annual incidence rate of 

between 7 and 23 children/100,000 inhabitants
9-11

. In South-Western Sweden 

the incidence of population based JCA in the 1980s was found to be 10.9 

children/100,000
12

. In Costa Rica the incidence for JCA was found to be 6.8 

children/100,000
13

, in Catalonia, Spain the incidence of JIA was found to be 

6.9 children/100,000
14

 and recently a study of health plan participants in 

Northern California showed an incidence of JIA to be 11.5 

children/100,000
15

.  

The prevalence of juvenile arthritis also varies between studies. A population 

based study in South-Western Sweden 1988 showed a prevalence of JCA to 

be 64.1/100,000
12

. In another population based study in Rochester Minnesota 

1980 the prevalence was found to be 113/100,000 for ARA criteria and 

84/100,000 for EULAR criteria. In Northern California 2009 the prevalence 

in health plan participants was found to be 44.7/100,000 with ILAR criteria
15

. 
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In Costa Rica 1995 the prevalence was 31.4/100,000
13

 and in Spain 2006 

39.7/100,000
14

 according to population based studies.  

These epidemiological studies of juvenile arthritis revile the complexity of 

interpreting the results due to many influencing factors; the classification 

criteria is such a factor, but differences in methodology, for instance 

population based contra referral based, are also of great importance
16

. In a 

systematic review of the literature, pooled data was used to estimate of the 

incidence and prevalence of JIA in the European population in 2010. The 

incidence for girls was estimated to 10.0/100,000 and the prevalence to 

19.4/100,000 and for boys 5.7/100,000 and 11.0/100,000, respectively. The 

direct standardized incidence rate was 8.2/100,000 and the prevalence 

70.2/100,000
17

. 

 

 

Juvenile arthritis are a clinically heterogeneous group of unknown cause
2
. 

Generally rheumatologic diseases are often autoimmune and have a complex 

etiology where genetics and environmental factors are considered to be 

important. Furthermore, some of the subgroups of juvenile arthritis are 

regarded as autoinflammatory rather than autoimmune
18

. 

Genetics are also of importance for juvenile arthritis displayed for instance by 

familial aggregation of JIA found in the US
19

. Data support that multiple 

genes influence the susceptibility to juvenile arthritis
20

. The human leukocyte 

antigen region (HLA) seems to be a major susceptibility locus for JIA but 

also many non-HLA loci have been found
21

. A sibling ratio (lambdas) for a 

full sibling with JRA is estimated to be 15
22

.  

Infections might also be of importance in the development of juvenile 

arthritis. A register-based study showed associations between infections 

during the first year of life and JIA
23

. In addition, infections play a role in the 

initiation and augmentation of the symptoms of JIA
24

. Higher rates of 

infections with for instance Epstein-Barr virus, Parvovirus B19 and 

streptococcus have been reported in children with juvenile arthritis
24-27

. 
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However, the underlying mechanisms between infections and autoimmune 

disease are multiple and complex and not fully understood
28

.        
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In the assessment of juvenile arthritis not only is the classification diversified 

but also the outcome instruments. As an instrument for evaluation of 

remission many earlier studies of juvenile arthritis have used the ARA 

criteria for remission that were proposed for RA
29

. These criteria were often 

used with various modifications. While the ARA criteria either described a 

spontaneous remission or a state of drug-induced remission, EULAR in 1983 

developed a set of criteria where remission required no use of medication for 

at least 2 years
30

. The EULAR criteria were divided into four categories: 

active = increasing number of joints irrespective of drug therapy; stable = 

stable number of joints but requiring drug therapy; inactive = no evidence of 

active synovitis and/or active extraarticular features and without drugs for 

less than two years; or remission = no evidence of active synovitis and/or 

active extraarticular features and without drugs for two years or more. All 

disease modifying anti-rheumatic drugs (DMARD) including biologics as 

well as analgesics, non-steroidal anti-inflammatory drugs (NSAID) and 

glucocorticosteroids were considered as drugs. 

New criteria for remission has emerged and are divided into two types: 

clinical remission on medication with no signs of active disease for a 

minimum of six continuous months and clinical remission off medication 

with no signs of active disease for a minimum of twelve continuous months
31

. 

Also criteria for clinical inactive disease according to ACR have recently 

been published
32

. A definition of minimal disease activity (MDA) was 

developed and consists for oligoarthritis of physician global assessment ≤ 2.5 

cm on 10 cm VAS and a swollen joint count of 0 and for polyarthritis of 

physician global assessment ≤ 3.4 and a swollen joint count ≤ 1
33

.    

In the 1990s a tool for assessing disease activity for RA in clinical practice 

with a disease activity score (DAS) was developed
34

. It was a composite 

instrument of four variables: Ritchie index (a graded tender joint count), 

swollen joints, erythrocyte sedimentation rate (ESR) and patients’ general 

health assessed on VAS. Later a similar instrument Disease Activity Score 28 
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(DAS28) was developed, including the 28 most frequently affected joints in 

RA instead of the 66/68 joint count applied with the Ritchie index
35

.  

DAS28 is however developed and validated for RA
36

 and subsequently a 

similar disease activity tool has been developed for JIA, juvenile arthritis 

disease activity score (JADAS)
37

. The JADAS is composed of active joint 

count, physician global assessment of disease activity on VAS (0–10), 

patient/parent assessment of well being on VAS (0–10) and a normalized 

value of a laboratory measure of inflammation, ESR (ESR–20)/10 with 

possible values 0–10. These four variables are added together and the 

minimum value is zero. There are three versions of active joint count: 

JADAS-10 with any joint with active arthritis up to a maximum of 10 and a 

total maximum JADAS score of 40, JADAS-27 with 27 joints and a total 

maximum score of 57, and JADAS-71 with 71 joints and a total maximum 

score of 101. The JADAS measures are validated in some studies but not in 

an adult population of JIA
37-41

.  

Recently, Consolaro et al validated cutoff scores for all versions of JADAS; 

the classification inactive disease in all JIA was determined to 1, minimal 

disease activity for oligoarticular JIA was 2 and minimal disease activity for 

polyarticular JIA was 3.8
42

. The most commonly used response criteria for 

juvenile arthritis are the ACR pediatric 30 response criteria which requires at 

least 30% improvement in three of any six core set criteria with no more than 

one worsening by more than 30%
43

.    

 

 

The earlier widely used Steinbrocker’s functional classification
44

 was 

considered to have low sensitivity for chronic arthritis since the majority of 

patients were categorized in the first two out of four classes. In addition, it 

was not tested for reliability or validity in chronic arthritis
45,46

. This 

classification of functional ability has been replaced by other instruments 

such as the health assessment questionnaire (HAQ)
47,48

. This is a self-

administered questionnaire with questions of functional ability in everyday 

life for instance dressing and grooming. The response alternatives are graded 

from zero to three and the HAQ score is an average. The answers should 
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reflect functional status during the last week. The lowest total score is zero if 

all questions are answered with the “without difficulty” alternative and the 

highest score three if the questions are answered with “unable to do” 

alternative. 

An adapted version of HAQ for children and adolescents, childood health 

assessment questionnaire (CHAQ), has been developed and validated
45,49

. 

The questions were modified to reflect activities typical of children and the 

wordings were simplified. Discomfort was determined by the presence of 

pain measured on VAS, and by the duration of morning stiffness
45,49

. In 

recent years modified versions of CHAQ have been constructed
50

. CHAQ is 

not validated in JIA adult population and neither is HAQ.   

Finally, Keitel functional test (KFT) is an instrument developed as a global 

measure of function with validated RA-specific measures. It consists of 24 

simple movement patterns. These movements are assessed and graded 

according to a template. The scores for each movement are added together 

and a maximum score of 100 represents the normal functional movement 

patterns
51-53

.  

 

 

Short-form 36 health survey (SF-36) is a self administered questionnaire 

containing 36 items for general health survey and it was developed from an 

original instrument containing 108 items
54

. It was used in English spoken 

countries and a project was established to translate and adapt the instrument 

in other countries and thus a version was translated into Swedish and 

validated in 1995
55

. The 36 item questionnaire contains four domains of 

physical health; physical functioning (PF), role physical (RP), bodily pain 

(BP), general health (GH) and 4 domains of mental health; vitality (VT), 

social functioning (SF), role emotional (RE) and mental health (MH). Scores 

range from 0-100, higher score reflecting better health. The eight subscales 

can be summarized to one physical component score (PCS) and one mental 

component score (MCS) standardized to a mean (SD) value of 50. Sullivan et 

al has created a national normative database (n=8930) for the Swedish 

version of SF-36 which enables comparisons with cohorts of interests
56

. 
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Juvenile arthritis is sometimes characterized by prolonged synovial 

inflammation that can lead to destruction of the joints
2
. Previously only 

conventional radiographs were available for the detection and assessment of 

erosive disease, however, in the last decades the use of ultrasonography and 

magnetic resonance imaging (MRI) has enabled a better and earlier 

assessment of synovial, cartilage and bone abnormalities
57,58

. Even if the 

erosive process is an important factor of managing juvenile arthritis there is 

no golden standard for radiographic classification. In a publication from 

1977, Cassidy and Martel classified radiographical changes as: normal, stage 

I - early changes (periarticular soft tissue swelling/ periarticular osteoporosis/ 

periosteal new bone formation), or stage II - advanced changes (cartilage 

destruction/ bone destruction /bony ankylosis /large joint subluxations, 

/epiphyseal fractures/ vertebral compression fractures)
59

.  

A study revealed that even after modification the Larsen’s radiographic 

classification system had low inter- and intra-reader concordance rates for 

juvenile arthritis
60

. In recent years more radiographic scoring systems have 

emerged such as an adapted version of the Sharp/van der Heijde score for 

JIA
61

. In contrast to RA, radiographic evaluations are often not used for 

structural outcome assessment in clinical trials of JIA
62

.  
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There are a number of long-term studies of juvenile arthritis but many of 

them are retrospective, cross-sectional or selective with varying classification 

criteria and assessment tools and outcomes
63-69

, table 1. Due to the 

development of new classification criteria of juvenile arthritis many studies 

have changed classification system between the inclusion and follow-up 

which may be questionable. Even if the same set of classification is used 

during a longitudinal study it can be difficult to use and interpret
8
. Some of 

these long-term studies are population based and others are hospital based. 

Also age characteristics and range of the individual follow-up period vary 

between the studies, see table 1. These conditions make it difficult to 

compare the different studies. Although many of the studies have 

accumulated much information, predictors of long-term outcomes that are 

identified early after disease presentation are still scanty
70

.  

Long-term follow-up studies are displayed in table 1. Peterson et al found in 

a population based follow-up that 29/44 (66%) participants with JRA 

reported evidence of active arthritis after a median of 21 years
63

. Zak et al on 

the other hand reported 24/65 (37%) of patients with JCA to have active 

disease at a follow-up after an average of 26.4 years
65

. Minden et al reported 

in 2002 40% of a cohort with 248 JIA patients to be in remission after 16.5 

years while Flatö et al in 2003 reported 50% of 268 patients with JRA to be 

in remission after 14.9 years
66,68

. Packham et al found in a hospital based 

cohort of 246 individuals with JIA 56.7% to have no disease activity after a 

median of 28.3 years but with a range of 8 to 73 years
67

. Also in a hospital 

based cohort Foster et al found 39% of patients with JIA to be in remission 

after a median of 21 years and a range of 3 to 61 years
69

. We found 34/86 

(40%) of the participants to be in remission at an average of 17 years after 

onset of JCA (paper II). 
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The main objectives of this thesis were to study the long-term disease 
course and outcomes in two population-based cohorts of patients with 
juvenile chronic arthritis and to search for predictors of long-term 
outcomes. 

Specific aims 

Paper I: To characterize disease manifestations in a cohort of incidence 
cases of children with juvenile chronic arthritis at disease onset and 
during the first 5 years of disease and to search for predictors for 
outcomes after disease duration of 5 years. 

Paper II: To study disease course, outcomes and predictors of long-
term outcomes in a cohort of incidence cases with juvenile chronic 
arthritis followed for 17 years. 

Paper III: To measure bone mineral density in the calcaneus in a cohort 
of incidence cases with juvenile chronic arthritis and to identify 
predictors of low bone mineral density 17 years after disease onset. 

Paper IV: To investigate the socioeconomic status in a cohort with 
prevalence cases of individuals with juvenile chronic arthritis after an 
average of 22 years after disease onset compared to the general 
population and to search for predictors of socioeconomic outcomes. 
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Multicenter prospective, longitudinal and population based long-term 

outcome studies on JCA. 

 

The patients in Paper I, II and III, designated cohort A were recruited from a 

prospective population-based epidemiological study of JCA in southwestern 

Sweden
12

. The cohort A consists of the incidence cases identified from 

January 1, 1984 to December 31, 1986, n=132 as illustrated in figure 1
72

.   

 

Figure 1. The flow of patients from the inclusion in cohort A and B and a 

graphic illustration of the follow-ups with the corresponding papers. 
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The patients in paper IV, designated cohort B were recruited from a 

prospective population-based epidemiological study of JCA in southwestern 

Sweden
12

. The cohort B consists of the prevalence cases identified in 

December 31, 1988 and who were borne 1968–1972, figure 1
73

.  

Paper I covers cohort A from disease onset and during the first 5 years of 

disease including a follow-up examination (BAG) after these 5 years. In 

paper II and III the cohort A is examined (LB) in a long-term follow-up at an 

average of 17 years after disease onset. Cohort B is examined at two follow-

ups, the first at an average of 7 years after disease onset (BAG) and the 

second at an average of 22 years after disease onset (LB). 

All patients with onset of JCA during the study period from pediatric clinics 

and all local pediatricians in the area were reported. Patients with JCA born 

after 1967 were also searched for at adult rheumatology clinics and 

orthopedic clinics. In the long-term follow-ups, paper II-IV the individuals 

were identified by the Swedish national civil register. 

The EULAR criteria
4
 were used to define cases of JCA and to divide patients 

into subgroups : (a) onset with systemic features; (b) onset with polyarthritis 

in the absence of marked systemic features, five or more joints affected; (c) 

onset with arthritis affecting two to four joints - pauciarticular, (d) or in the 

case of only one joint – monoarticular subgroup. This subgroup was 

separated from c) although it is not formally a subgroup within JCA. Within 

these groups children with probable juvenile ankylosing spondylitis (JAS), 

juvenile psoriatic arthritis (JPA), and arthritis associated with inflammatory 

bowel disease (IBD) were also identified. Cases were identified as JAS if 

peripheral arthritis was combined with radiological evidence of sacroiliitis or 

with clinical evidence of sacroiliitis or axial involvement in combination with 

enthesitis. JPA was defined as arthritis in combination with psoriasis 

diagnosed by a dermatologist. To identify a case of arthropathy associated 

with IBD, an intestinal mucosal biopsy indicating ulcerative colitis or Crohn's 

disease was required. 

These EULAR criteria were used since it was used for patient retrieval and 

classification in the original epidemiological study and it was not possible to 

convert the patients into the new set of criteria for JIA from ILAR
5,16

 

retrospectively as the inclusion criteria differs. The onset time of disease was 

defined as the time when onset of symptoms occurred. 
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Questionnaires were used in cohort A (paper I) to collect data at onset and at 

the consecutive annual reports during the first 5 years of disease. These 

questionnaires recorded data on subgroup, joint assessment, disease activity, 

eye examinations, existing laboratory and radiological findings. The 

questionnaires were filled out by pediatricians at the participating pediatric 

departments. The follow-up at 5 years, cohort A (paper I) and at 7 years, 

cohort B
73,74

 included clinical examination with joint assessment and doctor’s 

assessment of disease activity. It also included ophthalmologic examination, 

laboratory investigations, radiographic examination, and patients’ assessment 

of functional ability.  

The long-term follow-ups at 17 years, cohort A (paper II and III) and 22 

years, cohort B (paper IV) included clinical examination with joint 

assessment, doctor’s assessment of disease activity, laboratory investigations, 

and patients’ assessment of functional ability and health related quality of 

life. It also included functional assessment with Keitel functional test
51

. 

Heat, pain (either tenderness or pain on motion), soft tissue swelling and 

restricted range of motion were recorded when examining the joints. If at 

least two of the factors were present, the joint status was considered as 

arthritis and if any of the factors was present, the joint status was considered 

as involved. 

The disease activity was evaluated by the physician’s overall assessment 

according to EULAR
30,73

: active = increasing number of joints irrespective of 

drug therapy; stable = stable number of joints but requiring drug therapy; 

inactive = no evidence of active synovitis and/or active extraarticular features 

and without drugs for less than two years; or remission = no evidence of 

active synovitis and/or active extraarticular features and without drugs for 

two years or more. All DMARD including biologics as well as analgesics, 

NSAIDs and glucocorticosteroids were considered as drugs. The disease 

activity levels were designated as remission=1, inactive=2, stable=3, and 

active=4. Non-remission was defined as inactive, stable or active.  
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At the long-term follow-ups JADAS-10
37

 was assessed. JADAS-10 has a 

minimum score of 0 and a maximum of 40 and involves physician global 

assessment on VAS in cm, patient global assessment on VAS, the number of 

joints with arthritis (maximum of 10) and (ESR – 20)/10 (minimum of 0 and 

maximum of 10). 

A “disease activity duration index” was calculated for the first 5 years of 

disease in cohort A (paper I, II and III) and was defined as the percentage of 

time of active and stable disease during the observation period.   

Height and weight were measured at the 17-year follow-up and body mass 

index (BMI) was calculated. A Swedish survey from 2008/2009
75

 with 975 

women and 973 men 20 – 29 years of age was used to estimate Z-scores for 

height, weight and BMI by calculating Z = (X-µ)/σ (µ = mean of the 

reference and σ = standard deviation (SD) of the reference). 

Questionnaires 

Medication and rheumasurgery was registered annually during the first 5 

years for cohort A and at the follow-ups for both cohorts. The medication 

was divided into analgesics, NSAIDs, glucocorticosteroids, DMARDs and 

biologics. Rheumasurgery was divided into major events (= joint replacement 

arthroplasty) and minor events (= other rheuma surgery). Also the occurrence 

of iridiocyclitis was recorded. 

Childhood health assessment questionnaire (CHAQ)
45

 was used to evaluate 

functional status at the 5-year follow-up in cohort A (paper I) and at the 7-

year follow-up in cohort B
73,74

. If the child was less than 9 years of age, one 

parent was asked to answer the questionnaire. At the long-term follow-ups 

functional status was evaluated by HAQ
48

 (paper II, III, and IV). The 

individuals self-reported health related quality of life was assessed by usage 

of the Swedish version of short-form 36 health survey (SF-36)
76

 (paper II, III, 

and IV). In order to be able to compare the patients to a normative database 

an age and sex-matched reference group (n=520) was randomly drawn from 

the Swedish SF-36 national normative database (n=8930)
56

. 
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Socioeconomic outcomes 

Socioeconomic outcomes were registered in the long-term follow-up in 

cohort B. The individuals answered a questionnaire about education, income 

during the last year, disability benefits, marital/civil status and about children 

(paper IV). The education was divided into 4 categories: primary school, 2-

year upper secondary school, 3-year upper secondary school and tertiary 

studies. The income for 2002 was registered in Swedish crowns (SEK), and 

included salary from work and payments from the Swedish Social Security 

Agency
77

 declared to the internal revenue service. The disability benefit was 

divided into 4 categories depending on percentage of full disability pension. 

The marital/civil status was divided into living with partner or living single 

and the individuals were asked if they had any children and if yeas how 

many. 

Data from open registers in Statistics Sweden
78

, the Swedish Social Security 

Agency
77

, and from the Public Health Survey 2003 in the Region Västra 

Götaland of the general population in the Region Västra Götaland
79

 were 

used as the reference populations .  

 

ESR was measured using standard procedures and was analyzed at inclusion 

and follow-ups. At inclusion, antinuclear antibodies (ANA) were analyzed by 

indirect immunofluorescense using rat kidney sections and rheumatoid factor 

(RF) was analyzed by latex slide agglutination test, where titers of >1/25 and 

>1/20 respectively, were considered positive, according to the clinical 

laboratories involved at that time. 

Since some earlier studies
80,81

 have shown class-specific RF to be of 

importance in some childhood arthritis IgM RF and IgA RF were analyzed at 

the 5-year follow-up in cohort A and 7-years follow-up in cohort B using an 

enzyme immunoassay (Pharmacia RF IgM EIA and RF IgA EIA, Pharmacia 

diagnostics, Uppsala, Sweden). Serum concentrations > 7.34 and > 3.58 

arbitrary units/ml respectively, were considered positive
82

.  



Lennart Bertilsson 

17 

 

Radiographs of the affected joints were performed at the 5-year follow-up in 

cohort A and at the 7-year follow-up in cohort B or could also have been 

carried out during the preceding year. The radiographs were evaluated and 

classified as: Normal; Stage I - early changes (periarticular soft tissue 

swelling, periarticular osteoporosis, periosteal new bone formation); or Stage 

II - advanced changes (cartilage destruction, bone destruction, bony 

ankylosis, large joint subluxations, epiphyseal fractures, vertebral 

compression fractures)
59

.  

 

At the 17-year follow-up BMD was measured in cohort A in the calcaneus 

with Dual-energy X-ray absorptiometry and laser (DXL) Calscan (Demetech, 

Stockholm, Sweden) (paper III). Both sides were measured and a mean BMD 

was calculated. BMD values were expressed in g/cm² and as a Z-score which 

is the comparison to the age and sex-matched normal reference database 

consisting of 1452 individuals from southern Sweden provided by the 

manufacturer
83

. A Z-score of < -2.0 is defined as below the expected range 

for age
84

. 

 

 
Paper I-IV. The study was conducted according to the principles of the 

Helsinki declaration and approved by the regional ethics committee at the 

University of Gothenburg. All participants in the long term follow-ups gave 

their informed written consent. 

 

 
Data were analyzed using PASW Statistics 18 (SPSS inc., Chicago, IL) in 

paper I – III and IBM SPSS Statistics 21 in paper IV. Values are expressed as 

mean ± 1 standard deviation (SD) or median and range. Comparisons 

between groups were analyzed by the Mann-Whitney U-test (2-tailed) and 
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Student’s t-test when appropriate. Chi-square test was used for categorical 

data and Fisher's exact test was computed when cells had expected values of 

less than five. Correlations were calculated using Spearman's rank correlation 

coefficient (rs). One-Way ANOVA with Post Hoc Games-Howel for unequal 

variances was applied for comparison between multiple groups. After initial 

univariate analysis the statistically significant variables were used in multiple 

logistic regression analysis with forward conditional method or in multiple 

linear regression analysis with forward method. Dichotomous variables were 

created by coding event as 1, and no event as 0. The limit value for 

significance was set at p < 0.05 for all tests performed. 
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Out of 132 included patients in cohort A 128 (97%) attended the 5-year 

follow-up visit, and 86 (65%) individuals participated in the long-term 

follow-up at 17 years after disease onset. The sex distribution in the cohort at 

the17-year follow-up was numerically slightly higher for the girls (61/86, 

71%) compared to baseline (84/132, 64%) but not significantly elevated (p = 

0.32). The individuals lost between the 5-year and the 17-year follow-ups did 

not differ significantly from the individuals examined at 17-year follow-up 

with respect to age at onset (p = 0.69), presence of RF (p = 0.56) and of ANA 

(p = 0.88) at baseline, number of joints with arthritis (p = 0.16) or joints with 

involvement (p = 0.81) during the first year of disease, disease activity 

duration score during the first 5 years of disease (p = 0.78) or disease activity 

(p = 0.54), number of joints with arthritis (p = 0.28) or joints with 

involvement (p = 0.34) and CHAQ at the 5-year follow-up (p = 0.30) (paper 

II and III).  

Out of 133 patients in cohort B that were included in the initial 

epidemiological study, 124 (93%) individuals were examined in the first 

follow-up at 7 years after disease onset and 95 (71%) in the second follow-up 

at 22 years after disease onset. There was no significant difference in sex 

distribution (p = 0.981), onset subgroup distribution (p = 0.967) or onset age 

(p = 0.654) between the 133 patients included and the 95 individuals 

examined at the second follow-up. There was no significant difference 

between the 124 individuals that participated in the first follow-up and the 95 

individuals in the second follow-up concerning disease duration (p = 0.701), 

disease activity (p = 0.796), weight (p = 0.357) or height (p = 0.648) at the 

first follow-up. 

 

 
 “A 5-year prospective population based study of juvenile chronic arthritis; 

onset, disease process and outcome” and “ Disease Course, Outcome and 

Predictors of Outcome in a Population Based Cohort of Individuals with 

Juvenile Chronic Arthritis Followed for 17 Years” 
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Onset 

In cohort A girls predominated over boys 82/46 (64%). The median age at 

onset was 7.8 years for both the girls and the boys with range 0.6 – 15.8 years 

for the girls and 0.6 – 15.0 years for the boys, figure 2. There was no 

significant difference in age at onset between the polyarticular, pauciarticular 

and monoarticular subgroups. 

 

 
Figure 2. Age and sex distribution at disease onset in the patients of cohort A 

with juvenile chronic arthritis in southwestern Sweden. 

 

In the polyarticular onset group, n = 34 most patients had involvement of 

both large and small joints 22/34 (65%) while 2/34 patients (7%) had only 

large joints involved and 3/34 patients (9%) only small joints but in 7/34 

patients (21%) there was no detailed information. In the pauciarticular onset 

group the pattern of joint involvement was asymmetrical in 30/51 (59%). For 

both the pauciarticular and monoarticular subgroups the knee joint was the 

most commonly involved as illustrated in Figure 3. 

 

Progression of subgroup distribution  

The subgroup distribution for cohort A from onset and during the first 5 years 

is illustrated in figure 1 in paper I and during the first 17-years in figure 2 in 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

0-1 2-3 4-5 6-7 8-9 10-11 12-13 14-15 

C
o

u
n

t 

Years of age 

Boys 

Girls 



Lennart Bertilsson 

21 

paper II. The main findings were: 1) In the cohort A 43/128 (34%) changed 

subgroup during the first 5-year period and between the 5-year follow-up and 

the 17-year follow-up 11/86 (13%) changed disease course subgroup. 2) The 

polyarticular group increased to be the largest subgroup from 19/86 (22%) at 

onset to 29/86 (34%) at the 5-year follow-up and to 33/86 (38%) at the 17-

year follow-up. 3) The monoarticular group diminished from 22/86 (26%) to  

 
 

Figure 3. Joint patterns showing involved joints at onset for the patients in 

the monoarticular and pauciarticular onset subgroups in the cohort A with 

juvenile chronic arthritis in southwestern Sweden. 

 

 

6/86 (7%) at the 5-year follow-up and to 5/86 (6%) at the 17-year follow-up. 

4) The JPA group increased from 2/86 (2%) to 4/86 (5%) at the 5-year 

follow-up and to 8/86 (9%) at the 17-year follow-up. 5) The subgroup 

changes occurred during the whole period.  
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Progression of disease activity 

In cohort A most of the patients in the subgroups with monoarticular onset 

and pauciarticular onset had inactive disease or disease in remission within 2 

and 3 years from onset. In the subgroup with polyarticular onset less than half 

had inactive disease or disease in remission during the first 5 years of the 

disease course, figure 2 in paper I. Of the 33/86 individuals (38%) who were 

in remission at the 5-year follow-up only 20/33 (61%) remained in remission 

at 17-year follow up while 4/33 (12%) were in the stable category and 9/33 

(27%) in the inactive category. 

  

Progression of medication  

Forty-two out of 128 patients (33%) in cohort A received DMARDs 

sometime during the first 5 years of the disease course, usually in 

combination with NSAIDs and sometimes together with glucocorticosteroids. 

The most frequently used DMARD was hydroxychloroquine 36/42 (87%) 

followed by oral gold 9/42 (21%), sulphasalazine 7/42 (16%), methotrexate 

6/42 (14%), penicillamine 2/42 (5%) and podophylline 1/42 (2%). Fifteen out 

of forty-two patients (36%) tried two or more DMARDs. The majority of 

patients given DMARDs had polyarticular disease, 32/42 (76%); only 6/42 

(14%) had pauciarticular JCA and 4/42 (10%) had JAS. Of those who had 

received DMARDs, 7/42 (17%) had disease in remission and 8/42 (19%) 

inactive disease at the 5-year follow-up, while the majority, 27/42 (62%), 

were still on medication. Totally 19/128 (15%) of the patients were treated 

with oral glucocorticosteroids any time during the first 5 years of the disease 

course, mainly in combination with NSAIDs and/or DMARDs and 

intraarticular glucocorticosteroids were given to half of the patients. 

At the 17-year follow-up 20/86 individuals (23%) were currently treated with 

DMARDs including corticosteroids and biologics: methotrexate 12/20 (60%), 

sulfasalazin 5/20 (25%), hydroxychloroquine 1/20 (5%), prednisone 2/20 

(10%) and TNF-inhibitors 2/20 (10%). Two out of eighty-six individuals 

(2%) had undergone major arthroplasty, one of whom with shoulder 

replacement, elbow replacement and bilateral hip replacement and the other 

one with wrist arthrodesis. Both individuals were in the polyarticular onset 

subgroup.  

During the first 5 years of the disease course 10/128 (8%) developed uveitis 

and at the 17-year follow-up 11/86 (13%) reported uveitis any time during 

the disease course.  
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At the 5-year follow-up 44/128 participants in cohort A (34%) were in 

remission and 32/128 (25%) were inactive. At the 17 year follow-up 34/86 

(49%) were in remission and 16/86 (19%) were inactive. The age at disease 

onset and the number of involved joints and joints with arthritis during the 

first year of disease were positively associated with a more continuous 

disease during the first 5 years. The number of involved joints at the 

inclusion was positively associated with active disease at the 5 year follow-  

 

 
 

Figure 4. The CHAQ score at the 5-year follow-up according to disease 

onset type for the individuals in cohort A with juvenile chronic arthritis in 

southwestern Sweden. Each box shows the median, quartiles, and extreme 

values within a category. 

 

up. In a multiple logistic regression remission at the 17-year follow-up was 

predicted by remission at the 5-year follow-up (OR 4.8, 95% CI 1.8 – 12.5). 
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Among those 84/128 (66%) who were radiographically examined at the 5-

year follow-up, 20/84 (24%) had radiological changes and 10/84 (12%) had 

more severe changes. Radiological changes were more often found in the 

polyarticular onset subgroup. The patients with the more severe stage II 

changes had significantly higher onset age compared to those without 

changes.  

The CHAQ score at the 5-year follow-up was median 0.13 (range 0.0 –1.9). 

The age at disease onset and the number of involved joints and joints with 

arthritis during the first year of disease were positively associated with the 

CHAQ score at the 5-year follow-up. The polyarticular group had 

significantly higher disability score compared to the monoarticular group (p = 

0.002) but there was no significant difference for the pauciarticular group in 

relation to neither the polyarticular group nor the monoarticular group. The 

CHAQ scores for the subgroups are illustrated in Figure 4. 

 At the 17-year follow-up the median HAQ score was 0.0 (range 0.0 –1.5). In 

a multiple logistic regression, RF positivity present at the 5-year follow-up 

predicted a HAQ score > 0 (OR 3.6, 95% CI 1.0 – 13.3) at the 17 year 

follow-up. At the 17-year follow-up the median KFT was 100 (range 54  

100). A KFT < 100 was predicted by non-remission at the 5-year follow-up 

(OR 11.3, 95% CI 2.7 – 47.9) and RF positivity present at the 5-year follow-

up (OR 5.6, 95% CI 1.0 – 30.6).   

In cohort A, at the 17-year follow-up SF-36 was significantly lower 

compared to a reference group. In a multiple logistic regression the physical 

component summation score in SF-36 above average of the reference group 

was best predicted by remission at the 5-year follow-up (OR 5.8, 95% CI 2.2 

– 15.4). 

 

 
“Bone Mineral Density and Predictors Thereof in a Population Based Cohort 

of Individuals with Juvenile Chronic Arthritis 17 Years after Disease Onset” 

In cohort A, at the 17-year follow-up the BMD Z-score was -0.55 ± 0.95 

(mean ± 1SD). For the woman in the cohort the average BMD Z-score was -

0.41 ± 0.86 and for the men -0.89 ± 1.08. BMD Z-score, in both sexes were 

significantly lower compared to the reference population in both women (p = 
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0.001) and men (p < 0.001). The BMD Z-score for the individuals in 

remission was also significantly lower than the reference population (p = 

0.007). The mean height and the mean weight of the men was significantly 

lower compared to the reference group (p = 0.006 and p = 0.011) but the 

mean BMI did not differ significantly (p = 0.21), figure 2 in paper III. The 

mean height, weight and BMI of the women did not differ from the reference 

group (p = 0.99, p = 0.16, and p = 0.13). 

In a multiple linear regression low BMD in women was determined by low 

weight and the use of hormonal contraceptives (R² = 0.32) and in men 

continuously active disease during the 3 first years of disease (R² = 0.49). 

BMD was divided into a Z-score ≤ -1 SD and > -1 SD. In a multiple logistic 

regression the use of hormonal contraceptives predicted a BMD Z-score ≤ -

1SD in women (OR 4.9, 95% CI 1.4–17.2). A JADAS-10 score higher than 1 

at the 17-year follow-up predicted a BMD Z-score ≤ -1SD in men (OR 16.7, 

95% CI 2.3–122.2).   

 

 
“Socioeconomic Consequences of Juvenile Chronic Arthritis; A Population-

Based Study 22 Years after Disease Onset” 

In cohort B, 6/95 of the participants (6%) had primary school as the highest 

educational level, 43/95 (45%) 2-year upper secondary school, 20/95 (21%) 

3-year upper secondary school and 26/95 (27%) tertiary studies. The men had 

lower education level of borderline significance compared to the general 

population (p = 0.051) while there was no difference for the women (p = 

0.491). In a multiple logistic regression analysis patients’ pain VAS at the 

second follow-up was related to lower education in the women (OR 0.97, 

95% CI 0.94–0.99). 

The mean income during the year 2002 for the participants in cohort B was 

228 300 SEK for the men and 179 200 SEK for the women. The men in 

cohort B had significantly higher income compared to the women (p = 

0.005), but the incomes did not differ significantly in either sex compared to 

the general population (p = 0.36 and p = 0.76) (figure 1 and table 2 in paper 
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IV). There were no significant associations between disease-related variables 

and income in the women in the cohort. In the men, there were significant 

univariate correlations between income and the following variables at the 

long-term follow-up: disease activity (rs = -0.45, p = 0.009), JADAS-10 (rs = -

0.43, p = 0.014), patient’s global VAS (rs = -0.40, p = 0.021) and patients’ 

pain VAS (rs = -0.38, p = 0.030). 

Five of ninety-five individuals (5%) had complete/100% disability pension, 

3/95 (3%) had 50% and 4/95 (4%) had 25% disability pension. The women in 

the cohort had significantly higher degree of disability pension compared to 

women in the general population (p < 0.001). With disability pension divided 

into the two categories “any degree of pension” and “no pension”, receiving 

DMARDs (including glucocorticosteroids and TNF-inhibitors) at the long-

term follow-up had an OR 8.0 (95% CI 1.7–37.8) for the women in a 

multiple logistic regression analysis. 

Sixty-five out of ninety-five participants in cohort B (68%) lived with a 

partner. There was no significant difference in the proportion of those living 

with a partner compared to those living single in the cohort between men and 

women or between the cohort and the general population. In the women low 

SF-36 PCS was associated with living single (p = 0.014). In a multiple 

logistic regression analysis in the men, active disease at the second follow-up 

had an OR 3.6 (95% CI 1.4–9.0) for living single. 

In the cohort B 41/94 (44%) had no children while 53/94 (66%) had at least 

one child. The women in the cohort had more children than the men but 

compared to the general population there was no significant difference 

neither for the women, nor for the men. In a multiple logistic regression 

analysis for women, affected physical function measured by KFT was 

associated with “no children” (OR 1.06, 95% CI 1.01–1.12) as opposed to 

“any number of children”. 
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This thesis is based on two unique population based longitudinal long-term 

prospective studies of incidence (cohort A) and prevalence (cohort B) cases 

of juvenile arthritis showing the diversity of disease course and disease 

outcome for JCA. The first years of disease very few patients received 

powerful DMARDs and the 5-year follow-up period for cohort A is close to 

natural history of the disease since the study was conducted before 

methotrexate became the regular treatment of choice. Some individuals in 

both cohorts were lost between inclusion and the long-term follow-ups. 

However, they did not significantly differ in the tested variables from the 

individuals that participated at the inclusion or in the earlier follow-ups. The 

cohorts are also comparable to other population-based cohorts regarding sex, 

subgroup distribution, average age at disease onset, and changes of subgroup 

distribution
9,11,66,85,86

. This infers that the cohorts were representative for 

population based and unselected cohorts of JCA patients.  

The individuals in cohort A showed a large variability of disease courses 

during the whole follow-up period. At the 5-year follow-up 66% of the 

individuals were not in remission and at the 17-year follow-up 60% were not 

in remission. Moreover, 39% of the individuals who were in remission at the 

5-year follow-up were not in remission at the 17-year follow up. More than 

half of the individuals had affected physical function after 5 years. After 17 

years still half of the individuals had affected physical function. They also 

had impaired health related quality of life compared to a reference group.  

In cohort A the age at disease onset was median 7.8 years and the sex 

distribution 64% girls which is in accordance with both a later study in the 

Nordic countries and a study in Catalonia
11,87

. In Costa Rica, Arguedas et al 

found the median onset age 10.3 years but the ANA positive early onset 

disease phenotype which often has been described was not found in that 

population based study
88

. The subgroup distribution in cohort A with 27% 

polyarticular onset was also in accordance with others
11,89

. The joint 

involvement at onset with predominance for the knee joint and for the joints 

in the lower extremities for the monoarticular and pauciarticular subgroups 

was also found in other studies
88,90

. 
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At the 5-year follow-up 16% of the participants in cohort A had active 

disease and 26% had stable disease while 16% had inactive disease and 34% 

were in remission. These results are comparable to Selvaag et al who found 

26.9% to be in remission at 3-year follow-up in a cohort of 185 patients but 

they were partly referral patients and they used 6 months without medication 

for defining remission
91

. In a cohort of 47 patients in Costa Rica with follow-

up after median disease duration of 4.1 years Arguedas et al found 49% to 

still have active or stable disease according to EULAR criteria, but the 

incidence rate of ANA positive oligoarticular onset subgroup was 

substantially lower in Costa Rica
88

.  

The disease activity after 5 years was positively associated with age at onset 

and number of joints with arthritis and involvement. More continuously 

active disease during the first 5 years of disease was also positively 

associated with age at onset. No radiological changes were found in 76% of 

the participants that were examined and radiological changes were more 

frequent in the polyarticular group. RF positivity was a risk factor for more 

serious radiological changes (stage II) which is in accordance to other 

studies
73,92

. Even if this result is difficult to interpret since the radiographic 

examination was not comprehensive or performed uniformly RF positivity 

and polyarticular onset disease seems to be risk factors for erosive disease 

which should be taken in consideration when the treatment is decided. All of 

these risk factors could also indicate a type of disease that has been described 

as childhood-onset RA
8
 but further studies are needed in order to get 

increased knowledge of that category.   

Most of the 8% of patients in cohort A who developed uveitis during the first 

5 year of disease course had the typical characteristics with ANA positivity 

and low age at disease onset in accordance with another study
93

. At the 17-

year follow-up 13% in cohort A reported having developed uveitis sometime 

during the disease course which is in accordance to Bolt et al (13.3%)
93

 and 

Heiligenhaus et al (12%)
94

 but lower compared to Grassi et al (20.1%)
95

. The 

study eligibility could be a factor where the latter had a hospital based study 

design. 
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At the 17-year follow-up 40% of the individuals in cohort A were in 

remission.  The progression of the disease is very complex as illustrated in 

figure 5. Other studies of long-term follow-ups have reported remission rates 

between one third to two thirds
63,65-69,96

. However, as shown in table 1 the 

classification criteria, the ages of the participants and the range of ages also 

vary. Our results are in accordance to the studies with population based 

cohorts where the follow-up times and the range of ages are similar to our 

cohort A
66,68

. Like Minden et al 16.5 years after disease onset
66

 we did not 

find any correlation between baseline variables and disease activity at the 17-

year follow-up. However, our study has identified that remission at the 17-

year follow-up was associated with low disease activity duration index during 

the first 3, 4 and 5 years of disease and low CHAQ score and remission at the 

5-year follow-up. Although remission at the 5-year follow-up was the most 

important variable for remission at 17-year follow up our study also showed 

that 39% of the individuals who were in remission at the 5-year follow-up 

were not in remission at the 17-year follow up. Flatø el al found in a study of 

268 JRA patients followed-up after 15 years that half were in remission but 

about one fourth of them had had one or more periods of previous remission 

and among the half in non-remission 74 out of 135 patients had had one or 

more previous periods of remission
68

. These findings, that have been possible 

to report due to the longitudinal study design, imply that remission is 

unfortunately not a guaranteed life-long remission and relapse of disease can 

occur even after longer periods of remission. Hence, both the patients and 

health professionals should be prepared for the event that relapses can occur 

and enable easy access to the health system for professional assessment.  

Forty-four percent of the participants in cohort A changed subgroup and the 

changes occurred during the whole follow-up period. During the first 5 years 

17/82 (21%) of the patients from both the monoarticular and pauciarticular 

onset groups changed to polyarticular disease, which is corresponding to the 

oligoarticular extended subgroup in the ILAR criteria. From the 

monoarticular and pauciarticular onset groups another 6/55 (11%) changed to 

the polyarticular disease course between the 5-years and 17 year follow-ups 

and resulted in totally 16/55 (29%) during the 17 years. At the 17-year 

follow-up the polyarticular disease course subgroup was the largest. Minden 

et al
97

 recognized that 5/102 patients with oligoarticular onset disease 

changed to polyarticular subgroup during an observation period of 7.4 years  



Juvenile Chronic Arthritis 

30 

 

 

 

 



Lennart Bertilsson 

31 

Figure 5. Progression of disease activity in the horizontal planes and the 

progression of subgroups in the depth dimension at the disease onset, at the 

5-year follow-up and at the 17-year follow-up. The number of individuals are 

represented by the thickness of the arrows. The chart is illustrated from two 

different angels. SYST = systemic, POLY = polyarticular, PAUCI = 

pauciarticular, MONO = monoarticular, JAS = juvenile ankylosing 

spondylitis, IBD = inflammatory bowel disease, JPA = juvenile psoriatic 

arthritis. 

and approximately one-third after a median of 16.5 years of disease
66

. On the 

other hand, Guillaume et al
98

 found in a 6-year longitudinal study of patients 

with oligoarticular onset disease that the probability of a change to 

polyarticular disease was 50% but that was referral patients. Our findings 

show that the change to, according to JIA criteria, extended oligoarticular 

disease subtype as opposed to the persistent can occur also many years after 

disease onset.  

The median value of the CHAQ score in cohort A at 5-year follow-up was 

0.13 and 42% had a CHAQ score = 0 which is in accordance with other 

studies 
74,91

. At the 17-year follow-up the median HAQ score was 0.0 with 

range 0.0 – 1.5 and 54 % of the participants had HAQ = 0. These results are 

also in accordance with similar studies with the exception of the German 

study showing a range of 0.0 – 2.5
66,68

. In a 9.7-year follow-up of 72 referral 

patients Flatø et al found that 60% of the participants had a CHAQ/HAQ of 

0
92

. They also found that persistent disease and polyarticular disease course 

during the first 5 years of disease was associated with CHAQ/HAQ > 0 at the 

follow-up. In our study persistent disease during the first 5 years also was 

associated with HAQ > 0 but there was no significant difference between 

subgroup disease course at the 5-year follow-up in relation to HAQ > 0. We 

found RF-positivity to be a predictor for HAQ > 0 but the confidence interval 

was broad owing to few RF positive patients. Studies have shown that 

elevated HAQ in RA is associated with chronic changes
99

 and that is 

congruent with the variables we found associated with HAQ > 0. With a 

more modern early treatment of more effective DMARDs/biologics the long-

term outcome should be better for JIA patients today. However, this study 

provides an important reference for such future studies. 
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SF-36 score at the 17-year follow-up in the cohort A was significantly lower 

compared to age and sex matched normal population for all of the SF-36 

domains. Other long-term follow-up studies of juvenile arthritis also have 

found similar results
68,69

. We found that worse score of the physical domains 

were significantly associated with non-remission and functional disability 

according to HAQ and Keitel functional test at the 17-year follow up. For the 

mental domains there was a tendency for unfavorable scores for the 

individuals in non-remission and with functional disability but there was 

significant association only to HAQ which could be due to the limited 

number of individuals. A study of a cohort of 55 patients with JIA and 

median of 8.7 years after symptom onset also found PCS and MCS to be 

significantly associated with the HAQ-score
100

. Since HAQ in RA is 

associated with chronic changes it is important with treatment to prevent 

these changes. Not only medication is effective but also physical exercise 

have shown benefit for improving physical function
101

.  

At the 17-year follow-up the mean BMD Z-scores for calcaneal DXL were 

significantly lower compared to the reference population for both men and 

women in cohort A. Also the individuals in remission at the 17-year follow-

up had BMD Z-scores significantly lower compared to the reference 

population. Dual-energy X-ray absorptiometry (DXA) is considered to be the 

golden standard method for measuring BMD. An alternative is Dual-energy 

X-ray absorptiometry and laser (DXL) that measures BMD in the calcaneus. 

DXL, which is a portable device and easy to use, was shown to significantly 

correlate with BMD in the hip and spine measured by DXA in children 2.2 – 

20.6 years of age
102

. BMD measured by DXL technique has also been shown 

to predict fracture risk in Swedish women 
103

.Only five participants in cohort 

A had BMD Z-score < -2 SD measured with calcaneal DXL which is 

considered to be below the expected range for age in individuals < 50 years
84

. 

Since BMD Z-score -1 SD divided the cohort more evenly that limit was 

chosen which also made comparisons with other studies possible. BMD Z-

score < -1SD with calcaneal DXL was associated with use of hormonal 

contraceptives for women and high JADAS-10 for men. For women also low 

weight at the 17-year follow-up was associated with low BMD as a 

continuous variable and for the men continuous active disease during the first 

3 years was an important predictor for low BMD. Height and weight in the 

men were lower compared to the reference group. Packham et al found that 
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both men and women in a hospital based study of adult JIA were shorter than 

the general population but that the weight were similar to the mean weight in 

the general population
67

. Like others we found disability and disease activity, 

in our whole cohort not divided by sex, to be important determinants for 

BMD
104-107

 but we also found continuous active disease in the early stage of 

the disease to be of importance in men. Thornton et al found oral 

corticosteroids to be negatively associated with BMD
105

. Only two 

individuals in our cohort received glucocorticosteroids at the 17-year follow-

up. Both of them had Z-score < -2 SD or close to -2 SD but due to few 

individuals statistical analyses on the impact of glucocorticosteroids was not 

preformed. Based on our results displaying reduced BMD, even in 

individuals in remission, we encourage physicians to be aware of the bone 

health in this group of patients especially since it is important for the risk of 

osteoporosis later in life
108

. The awareness should enable prevention with 

control of disease activity, more physical exercise and right dietary intake
109-

111
. The association of low BMD and hormonal contraceptives is surprising 

since estrogen is associated with increased BMD in other studies
112

. 

However, another study has shown that hormonal contraceptives could have a 

negative impact on BMD in young women  and it could be an effect of 

progestogen
113

. 

Cohort B was followed-up after a median of 21.5 years from disease onset. 

Among the women 5.3% had full disability pension and 9.6% partial 

compared to 2.2% and 0.8%, respectively in the general population but there 

was no difference in the men compared to the general population. There was 

no significant difference between the men and women in the cohort. Other 

studies have not found higher degree of disability pension
63,66

 but a 

Norwegian study has analyzed combined disability and unemployment 

pension and found the combination to be significantly higher than in the 

control group
68

.  

The men in the JCA cohort had borderline lower education compared to the 

general population but there was no difference for the women. Other studies 

have shown varying results but many have not reviled any difference 

compared to the reference population
66,68,114,115

.Concerning income, 

marital/civil status and reproduction, no difference could be identified, either 

for men or women, in comparison with the general population. We did not 

find any predictors among our reported earlier disease-related variables and 
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socioeconomic outcome in the long-term follow-up. In the men lower 

education was associated with the number of involved joints at the long-term 

follow-up and concerning the women lower education was related to higher 

pain assessed by VAS at the long-term follow-up. Receiving DMARDs was 

related to being on disability pension in women. For men active disease was 

associated with living single and for women low SF-36 PCS was associated 

with living single. For the women many disease-related variables at the long-

term follow-up were associated with less number of children. Strengths of 

this long-term follow-up on socioeconomic consequences are that Cohort B 

consists of individuals of similar-age with JCA. The majority of the 

participants was established in the sense that they had started working after 

their education and had stable relationships. The cohort is also well 

documented in an earlier follow-up
73,74

. In other long-term studies of 

population-based cohorts the participants either had lower average age 
66,68,115,116

, or their age range at follow-up was very wide
63

. We did not find 

any predictors for socioeconomic outcome from early disease course but on a 

group level the outcome compared to the general population is encouraging 

and better than we expected. However, on the individual level some 

participants have poor outcomes. Our results indicate that a good control of 

disease activity and physical exercise could be of benefit.   

In conclusion, in this thesis we have found that juvenile arthritis is a 

heterogeneous disease with a variety of long-term disease courses from 

childhood onset into adolescence and adulthood. After 17-years 60% were 

not in remission, almost half of the individuals had some physical disability 

according to HAQ and/or Keitel functional test and we did not find any 

prominent early predictors for long-term outcomes. However, this 

longitudinal study design has enabled us to reveal the diversity of disease 

courses for subgroup development and disease activity. Many individuals 

changed subgroup also after 5 years of disease and many individuals with 

early remission and remission at 5-year follow-up were not in remission at 

the 17-year follow-up. Other studies have shown a cross sectional picture but 

this study show that the outcome is even more complicated with no definite 

endpoints. Since the most recent treatment strategies are more efficient we 

can hopefully expect better long-term outcome in the future, but we can still 

expect a variety of disease courses that are difficult to predict. Hence, both 
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patient and health professionals have to be prepared for these different and 

unpredictable disease courses.  

This longitudinal long-term study of a population based cohort may also be 

able to serve as an important comparison for investigations with modern 

treatment in the future. Further long-term follow-ups will also be important 

for studying the development of comorbidity such as vascular disease
117

, 

malignancy, osteoporosis and fractures in patients with juvenile arthritis in 

comparison to the normal population. Still search for early predictors such as 

biomarkers in serum should be of importance to identify and we can expect 

the classification criteria still to be modified in the future.  
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