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Juvenile idiopathic arthritis
Angelo Ravelli, Alberto Martini

Juvenile idiopathic arthritis is a broad term that describes a clinically heterogeneous group of arthritides of unknown 
cause, which begin before 16 years of age. This term encompasses several disease categories, each of which has 
distinct methods of presentation, clinical signs, and symptoms, and, in some cases, genetic background. The cause of 
disease is still poorly understood but seems to be related to both genetic and environmental factors, which result in 
the heterogeneity of the illness. Although none of the available drugs has a curative potential, prognosis has greatly 
improved as a result of substantial progresses in disease management. The most important new development has 
been the introduction of drugs such as anticytokine agents, which constitute a valuable treatment option for patients 
who are resistant to conventional antirheumatic agents. Further insights into the disease pathogenesis and treatment 
will be provided by the continuous advances in understanding of the mechanisms connected to the immune response 
and infl ammatory process, and by the development of new drugs that are able to inhibit selectively single molecules 
or pathways.

Juvenile idiopathic arthritis is not a single disease, but a 
term that encompasses all forms of arthritis that begin 
before the age of 16 years, persist for more than 6 weeks, 
and are of unknown cause. The term represents, 
therefore, an exclusion diagnosis that includes all forms 
of childhood chronic arthritis of unknown cause. 
Diff erent classifi cation criteria have been used to 
identify discrete clinical subsets that could correspond 
to diff erent diseases. The International League of 
Associations for Rheumatology (ILAR) has provided the 
most recent classifi cation.1 The aim of this classifi cation 
was to address the drawback of the previous heterogeneity 
in nomenclature and criteria between Europe and North 
America, and to enable identifi cation of homogeneous 
groups of children with chronic arthritis to help with 
research on cause, pathogenesis, epidemiology, outcome 
studies, and therapeutic trials. The term juvenile 
idiopathic arthritis was adopted instead of juvenile 
chronic arthritis or juvenile rheumatoid arthritis, which 
were previously used in Europe and North America, 
respectively. Seven disease categories were recognised 
on the basis of features present in the fi rst 6 months of 
illness (table 1). The ILAR classifi cation is based on 
present knowledge and represents a useful reference for 
international research. However, the classifi cation still 
needs validation and consensus, has restrictions 
intrinsic to any classifi cation founded on clinical criteria, 

and will probably be modifi ed as new information on 
pathogenesis becomes available.2

Epidemiology
Juvenile idiopathic arthritis is the most common chronic 
rheumatic disease in children and an important cause of 
short-term and long-term disability. Studies in developed 
countries have reported a prevalence that varies 
be tween 16 and 150 per 100 000. One view is that 
the prevalence of this disease is underestimated. A com-
munity-based survey in Australia reported a prevalence of 
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Frequency* Onset age Sex ratio

Systemic arthritis 4–17% Throughout childhood F=M

Oligoarthritis 27–56% Early childhood; peak at 2–4 years F>>>M

Rheumatoid-factor-positive polyarthritis 2–7% Late childhood or adolescence F>>M

Rheumatoid-factor-negative 
polyarthritis

11–28% Biphasic distribution; early peak at 
2–4 years and later peak at 6–12 years

F>>M

Enthesitis-related arthritis 3–11% Late childhood or adolescence M>>F

Psoriatic arthritis 2–11% Biphasic distribution; early peak at 
2–4 years and later peak at 9–11 years

F>M

Undiff erentiated arthritis 11–21% . . . .

*Reported frequencies refer to percentage of all juvenile idiopathic arthritis.

Table 1: Frequency, age at onset, and sex distribution of the International League of Associations for 
Rheumatology (ILAR) categories of juvenile idiopathic arthritis
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Figure 1: High-spiking intermittent fever in a 3-year-old patient with systemic juvenile idiopathic arthritis 

Search strategy and selection criteria

We searched the Cochrane Library, Medline, and Embase. 
We used the search terms “juvenile idiopathic arthritis”, 
“juvenile rheumatoid arthritis”, “juvenile chronic arthritis”, or 
“juvenile arthritis”. We largely selected publications in the 
past 5 years, but did not exclude commonly referenced and 
highly regarded older publications. We also searched the 
reference lists of articles identifi ed by this search strategy and 
selected those we judged relevant. We paid particular 
attention to articles primarily published in English since 1998 
when juvenile arthritis was last reviewed in The Lancet. 
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400 per 100 000 on the basis of clinical examination of 
school children by a paediatric rheumatologist.3 Although 
in western European countries the most common subtype 
is represented by oligoarthritis, this same subtype is rare 
in countries such as Costa Rica, India, New Zealand, and 
South Africa, where polyarthritis predominates.4,5

Clinical features
Juvenile idiopathic arthritis classifi cation identifi es sub-
types, many of which seem to represent diff erent diseases 
characterised by distinct methods of presentation, clinical 
features, and, in some cases, genetic background.

Systemic arthritis
Systemic arthritis is quite distinct from other subtypes. 
The disease arises as often in boys as in girls and does not 
show a preferential age at onset. Onset in adults (known as 
adult-onset Still’s disease) is rare. Diagnosis of systemic 
arthritis requires the presence of arthritis accompanied or 
preceded by quotidian fever of at least 2 weeks’ duration 
(fi gure 1) plus one or more of the following: typical evan-
escent, non-fi xed erythematosus rash (that charac teristically 
coincides with fever peaks; fi gure 2), hepato megaly or 
splenomegaly, generalised lympho adenopathy, or serositis. 
Myalgias and abdominal pain can be intense during fever 
peaks. Arthritis is often symmetrical and polyarticular, and 
could be absent at onset and develop during disease course. 
Laboratory investigations show leucocytosis (with neutro-
philia), very high erythrocyte sedimen tation rate (ESR) and 
C-reactive protein concen tration, and thrombocytosis. 
Anaemia is common and is microcytic, and is diff erent 
and more severe than the anaemia of chronic disease seen 
in adult rheumatoid arthritis. The anaemia seems mostly 
related to interleukin-6-induced iron sequestration in the 
reticuloendothelial system.6,7

About 5–8% of children with systemic juvenile 
idiopathic arthritis develop a life-threatening complication 
known as macrophage activation syndrome.8 The 
syndrome is characterised by the sudden onset of 
sustained fever, pancytopenia, hepato splenomegaly, liver 
insuffi  ciency, coagulopathy with haemorrhagic mani-
festations, and neurological symptoms. Laboratory 
features include raised triglyceride concentrations, low 
sodium concentrations, and pronounced increased 
ferritin concentrations.9–11 The manifestation of active 
phagocytosis of haemopoietic cells by macrophages in the 
bone marrow is common (fi gure 3). Early recognition and 
treatment of macrophage activation syndrome before the 

Figure 2: Typical rash of systemic-onset disease in an 8-year-old boy

Figure 3: Bone marrow specimen showing macrophage haemophagocytosis 
in a patient with systemic juvenile idiopathic arthritis and macrophage 
activation syndrome

Panel: Most common diff erential diagnoses of systemic 
juvenile idiopathic arthritis

• Infection
Septicaemia
Bacterial endocarditis
Brucellosis
Typhoid fever
Leishmaniasis
Viral infections

• Malignancy
Leukaemia
Lymphoma
Neuroblastoma

• Rheumatic fever
• Connective tissue diseases

Systemic lupus erythematosus
Kawasaki syndrome
Polyarteritis

• Infl ammatory bowel disease
• Castleman’s disease
• Autoinfl ammatory syndromes



Seminar

www.thelancet.com   Vol 369   March 3, 2007 769

development of severe multisystem involvement could 
improve the outcome. 

The diff erential diagnosis of systemic juvenile idio-
pathic arthritis can be diffi  cult, especially at presentation, 
and includes bacterial or viral infection, malignancy, and 
other rheumatic diseases (panel). In patients whose 
systemic features precede the development of overt 
arthritis, a defi nite diagnosis cannot be made until 
arthritis symptoms appear. 

Oligoarthritis
Oligoarthritis is defi ned as an arthritis that aff ects four or 
fewer joints during the fi rst 6 months of disease. In the 
ILAR classifi cation, children who otherwise satisfy these 
criteria are excluded from the oligoarthritis category if 
they have psoriasis, a family history of psoriasis, a human 
leucocyte antigen (HLA) B27-associated disease in a fi rst-
degree relative, a positive rheumatoid factor (RF) test, or 
if the disease occurs in a male patient older than 6 years. 

Although oligoarthritis is probably heterogeneous, 
most patients have a well defi ned form of juvenile 
idiopathic arthritis.4,5 This form, which is typical of 
children and is not seen in adults, is characterised by 
asymmetric arthritis, early onset (before 6 years of age), 
female predilection, high frequency of positive ANAs, 
and high risk of iridocyclitis (a chronic, non-
granulomatous, anterior uveitis that aff ects the iris and 
ciliary body and can cause severe visual impairment). 
The homogeneity of this subgroup of patients is shown 
by a strong association with some HLA alleles. 

Oligoarthritis is predominantly a disease of the legs, 
with the knee joint mostly aff ected, followed by the 
ankles. In about 30–50% of cases, one joint is aff ected at 
presentation. Acute-phase reactants are often normal or 
moderately increased, although in some instances ESR 
can be quite high. ANAs are detected in substantial titres 
in about 70–80% of patients, and they represent a risk 
factor for iridocyclitis. 

The ILAR classifi cation distinguishes two categories in 
the oligoarthritis subtype—persistent oligoarthritis, in 
which the disease is confi ned to four or fewer joints, and 
extended oligoarthritis, in which arthritis extends to 
more than four joints after the fi rst 6 months of disease. 
In our opinion, most patients classifi ed as having either 
persistent or extended oligoarthritis belong to the same 
clinical entity.2 Furthermore, ANA-positive patients who 
belong to these two categories have been reported to be 
homogeneous for several clinical features, including age 
at onset, sex ratio, asymmetry of articular involvement, 
and frequency of iridocyclitis.12 These features suggest 
that extended oligoarthritis is the same disease as 
persistent oligoarthritis, but with a more severe outcome. 
Involvement of an upper limb joint and high 
sedimentation rate at onset have been identifi ed as 
predictors for an evolution to the extended phenotype, 
which can take place in up to 50% of patients.13–15 Although 
a family history of psoriasis is regarded as an exclusion 

criterion for the diagnosis of oligoarthritis in the ILAR 
classifi cation, Tsitsami and colleagues16 did not fi nd 
diff erences in the clinical characteristics of patients with 
or without a positive family history of psoriasis. 

Iridocyclitis is a characteristic feature of oligoarthritis 
and aff ects about 30% of patients (fi gure 4).4,5,17,18 The onset 
is insidious and often entirely asymptomatic, which 
contrasts with painful, acute iridocyclitis that can be seen 
in enthesitis-related arthritis. One or both eyes could be 
aff ected. Iridocyclitis is discovered in less than 10% of 
patients before the onset of arthritis, whereas in most 
cases the disease happens at the time of diagnosis or 
shortly thereafter. Most children develop iridocyclitis 
during the fi rst 5–7 years after onset of arthritis.4,5 The 
course of iridocyclitis can be relapsing or chronic and 
does not parallel the clinical course of arthritis. ANA-
positive patients have the highest risk of iridocyclitis. 
Chronic iridocyclitis can also take place in patients with 
RF-negative polyarthritis or psoriatic arthritis, especially 
if the patient is ANA positive, and it has rarely been 
reported in other subtypes of juvenile idiopathic arthritis. 
Since iridocyclitis is asymptomatic at onset, children with 
this disease should be screened periodically by slit-lamp 
examination; the recommended frequency of the 
assessments shows the expected frequency of the ocular 
complication (table 2). 

Defi nition Examination 
frequency

High risk Oligoarticular or polyarticular onset, <7 years at onset of arthritis, 
and ANA test positive

Every 3–4 months

Medium risk Oligoarticular or polyarticular onset, <7 years at onset of arthritis, 
and ANA test negative
Oligoarticular or polyarticular onset, >7 years at onset of arthritis, 
and ANA test positive or negative

Every 6 months

Low risk Systemic onset of disease Every 12 months

Adapted from: Section on Rheumatology and Section on Ophthalmology. Guidelines for ophthalmologic examinations 
in children with juvenile rheumatoid arthritis. Pediatrics 1993; 92: 295–96 with permission from American Academy of 
Pediatrics.

Table 2: American Academy of Pediatrics recommendations for iridocyclitis screening in patients with 
juvenile idiopathic arthritis

Figure 4: Iridocyclitis in oligoartritis
Slit-lamp examination shows fl are in fl uid of anterior chamber and keratic 
precipitates on posterior surface of cornea.
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Rheumatoid-factor-positive polyarthritis
RF-positive polyarthritis is defi ned as an arthritis that 
aff ects fi ve or more joints during the fi rst 6 months of 
disease, and which includes the presence of an IgM RF 
on at least two occasions more than 3 months apart. This 
disease is the same as adult RF-positive rheumatoid 
arthritis4,5 and is mainly seen in adolescent girls. There 
are some diff erences in disease phenotype between 
children and adults, which are related to the eff ect of the 
disease in an individual whose skeleton is still growing.

The typical presentation is a symmetric polyarthritis 
that aff ects the small joints of the hands (fi gure 5) and 
feet. The large joints, usually knees and ankles, can also 
be aff ected at onset, but usually in association with small 
joints. Rheumatoid nodules, which are rarely seen in 
other subsets of juvenile idiopathic arthritis, arise in the 
classic sites (board of the forearm and elbow) in about a 
third of patients in the fi rst year of disease. Severe extra-
articular manifestations are very rare and include severe 
aortic regurgitation requiring aortic valve replacement.19

Oligoarticular-onset asymmetric juvenile idiopathic 
arthritis, associated with increased and persistent titres 
of RF, has been occasionally reported.20 Early erosive 
disease has been seen in these patients. Whether this 
very small and unusual subset of patients belongs to 
polyarticular seropositive juvenile idiopathic arthritis, or 
represents a separate entity, is unclear.

Rheumatoid-factor-negative polyarthritis
RF-negative polyarthritis is defi ned as an arthritis that 
aff ects fi ve or more joints during the fi rst 6 months of 
disease in the absence of IgM RF. This disease is less 
well defi ned than RF-positive polyarthritis and is probably 
the most heterogeneous subtype.4,5 At least three distinct 
subsets of RF-negative polyarthritis can be identifi ed. 
The fi rst is a form that closely resembles early-onset 
oligoarticular juvenile idiopathic arthritis, except for the 
number of joints aff ected in the fi rst 6 months of disease. 
Like that illness, RF-negative polyarthritis is characterised 

by asymmetric arthritis, early age at onset, female 
predominance, frequent positive ANAs, increased risk of 
iridocyclitis, and association with HLA-DRB1*0801. 
These similarities have led to the view that this subset 
and early-onset oligoarthritis are the same disease, with 
the former representing a rapid arthritis spread in the 
latter.2 The demonstration that ANA-positive oligoarthritis 
shares homogeneous clinical features with ANA-positive 
RF-negative polyarthritis, but not with ANA-negative RF-
negative polyarthritis, lends support to this view.12 Studies 
on the frequency of the various disease subsets in 
diff erent ethnic populations also lend support to this 
notion.21,22 In countries where ANA-positive, early onset, 
iridocyclitis-associated oligoarthritis is rare, the equivalent 
RF-negative polyarthritis is also seldom seen.2 The second 
subset of RF-negative polyarthritis is similar to adult-
onset RF-negative rheumatoid arthritis, and is 
characterised by overt symmetric synovitis of large and 
small joints, onset in school age, increased ESR, negative 
ANA, and variable outcome. The third subset is a form 
known as dry synovitis, which shows negligible joint 
swelling but stiff ness, fl exion contractures, and normal 
or slightly raised ESR.23,24 This subset is often poorly 
responsive to treatment and could follow a destructive 
course.

Enthesitis-related arthritis
Enthesitis-related arthritis mainly aff ects male patients 
after the age of 6 years,4,5 and is characterised by the 
association of enthesitis and arthritis. Most patients are 
HLA-B27 positive. The most common sites of enthesitis 
are the calcaneal insertions of the Achilles tendon, plantar 
fascia, and tarsal area. Arthritis commonly aff ects the 
joints of the lower extremities. At variance with the other 
subsets of juvenile idiopathic arthritis, hip involvement 
is common at disease presentation. Enthesitis-related 
arthritis is often remitting and can be mild. About half of 

Figure 5: Symmetric polyarthritis aff ecting the metacarpophalangeal, 
proximal and distal interphalangeal, and radiocarpal joints

Figure 6: Dactylitis in a girl with psoriatic arthritis
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patients have four or fewer joints aff ected throughout the 
entire course of the disease. In some patients, arthritis 
could progress to aff ect the sacroiliac and spinal joints, 
thus producing the clinical picture of ankylosing 
spondylitis. 

Although enthesitis-related arthritis in children is 
characterised by a greater frequency of extra-axial 
symptoms than in adults, this disease belongs to the 
group of spondyloarthropathies. This term encompasses 
children with juvenile ankylosing spondylitis (who meet 
the criteria for adult ankylosing spondylitis) and most 
patients with undiff erentiated spondyloarthritides, such 
as those with isolated peripheral arthritis, enthesitis, 
tendonitis, and dactylitis, or with the formerly called 
seronegative enthesitis and arthritis syndrome.25,26 ILAR 
criteria for enthesitis-related arthritis have been 
criticised because psoriatic arthritis and reactive arthritis 
are not viewed as part of the juvenile spondyloarthritides 
and arthritis of infl ammatory bowel disease is restricted 
to being only a descriptor of the disease.27–29

Psoriatic arthritis
The diagnosis of juvenile psoriatic arthritis by ILAR 
criteria needs the simultaneous presence of arthritis and 
a typical psoriatic rash or, if a rash is absent, the presence 
of arthritis and any two of the following: family history of 
psoriasis in a fi rst-degree relative; dactylitis (swelling of 
one or more fi ngers that extends beyond the joint 
margins—fi gure 6); and nail pitting. 

The defi nition of juvenile psoriatic arthritis is 
controversial.30 We believe that this subtype does not 
represent a clearly defi ned entity.2 Most patients who 
meet the ILAR criteria for psoriatic arthritis, in which 
those with enthesitis are by defi nition excluded, have 
early onset, asymmetric oligoarthritis, are at risk for the 
development of iridocyclitis, and are frequently ANA 
positive. All these characteristics, as in the subset of 
patients with RF-negative polyarthritis, are very similar 
to those seen in children with oligoarthritis. The main 
diff erence is that patients with psoriatic arthritis have a 
greater frequency of dactylitis and of arthritis that aff ects 
both small and large joints than do children with 
oligoarthritis. In studies of children with psoriasis and 
arthritis in which patients with enthesitis were not 
excluded, some patients presented with arthritis and 
enthesitis or developed sacroiliitis during follow-up, 
similarly to several adult patients with psoriatic arthritis 
who share features with spondyloarthropathies.31 Thus, 
the association of psoriasis with arthritis does not defi ne 
a unique entity. Various notions, not mutually exclusive, 
can be considered to explain these fi ndings. First, 
psoriatic arthritis in children exists as a unique, although 
not yet well characterised, disease entity. Second, 
psoriasis enhances the patient’s susceptibility to arthritis 
or modifi es the disease phenotype, such as that of 
oligoarthritis. Third, the association of both psoriasis and 
arthritis in some patients can be unrelated.2 

Undiff erentiated arthritis
Undiff erentiated arthritis does not represent a separate 
subset, but includes patients who do not satisfy 
inclusion criteria for any category, or who meet the 
criteria for more than one. However, studies have 
shown that several patients with a defi nite diagnosis 
could fall into this category.16,29 Several suggestions for 
revision of exclusion criteria to decrease the number of 
patients fi tting into this category have been off ered,16,29,32 
some of which have been incorporated into the second 
revision of the ILAR criteria.1 

Prognosis and outcome
Studies assessing outcome of juvenile idiopathic arthritis 
have provided inconsistent or confl icting results. Studies 
in the past 10 years have shown that only 40–60% of 
patients had inactive disease or clinical remission at 
follow-up.33,34 A recent analysis of 437 patients followed 
up for at least 4 years showed that only a few (6%) 
episodes of clinical remission off -treatment were 
sustained for at least 5 years.35 Despite the long-term 
persistence of disease activity in most patients, a 
pronounced improvement in functional outcome has 
been documented in the past decade, with the proportion 
of patients with serious functional disability (eg, in 
Steinbrocker functional classes III or IV)36 at follow-up 
ranging from 2·5% to 10%.34 Several indicators of poor 
outcome have been identifi ed, including greater severity 
or extension of arthritis at onset, symmetrical disease, 
early wrist or hip involvement, presence of RF, persistent 
active disease, and early radiographic changes.37 However, 
prediction of long-term prognosis of juvenile idiopathic 
arthritis remains imperfect. The reliability of future 
outcome studies will be improved by advances in 
the standardisation of clinical and radiographic 
assessments.38–42

Systemic arthritis has a variable course.4,5,43,44 In about 
half of patients, the disease is characterised by a 
monocyclic or an intermittent course with relapses 
followed by periods of remission. In such cases, arthritis 
accompanies episodes of fever, but remits when systemic 
features are controlled. The long-term outlook for these 
patients is usually good. In the other half of patients, the 
disease follows an unremitting course. In many cases, 
but not all, systemic symptoms eventually resolve, and 
the patient has chronic arthritis as the major long-term 
complaint. This unremitting disease course is probably 
the most severe juvenile idiopathic arthritis subtype and 
can lead to substantial joint destruction.43 Macrophage 
activation syndrome remains the most serious and 
potentially fatal acute threat and should be promptly 
recognised and treated. The long-term development of 
amyloidosis is nowadays very rare. 

Patients with oligoarthritis generally have the best 
outcome. Nevertheless, some investigators have reported 
that the rate of remission after 6–10 years from disease 
onset ranges only from 23% to 47%.13,45 As might be 
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expected, joint erosions are more frequent in patients 
with a polyarticular course.13 Children with iridocyclitis 
are at risk of serious complications, which include 
posterior synechiae, band keratopathy, cataract, and 
glaucoma.4,5 The outcome of iridocyclitis relies very much 
on early diagnosis and treatment. 

The course of RF-positive polyarthritis in children is 
characterised, as in adults, by progressive and diff use 
joint involvement; radiological changes tend to take place 
early, especially in hands and feet. By 5 years from onset 
the general picture is often that of a severe deforming 
arthritis.46 RF-negative polyarthritis has a variable 
outcome, which shows the heterogeneity of the subtype. 
The prognosis of psoriatic arthritis, as defi ned by the 
ILAR criteria, is not yet established. In general, patients 
have a poorer outlook, more frequent involvement of 
small joints, and more joints aff ected than do those with 
oligoarthritis. The disease course in enthesitis-related 
arthritis is also variable—some patients progressively 
develop involvement of axial skeletal joints. 

A characteristic feature of chronic arthritis in children 
is the eff ect the disease could have on bone and joint 
development.4,5 Local growth disturbances take place at 
sites of infl ammation that result in either overgrowth 
(possibly related to infl ammation-induced increased 
vascularisation and growth factor release) or undergrowth 
(secondary to growth centre damage or premature fusion 
of epiphyseal plates) of the iuxta-articular bone 
extremities. Anomalies in growth and morphogenesis of 
skeletal segments also result from irregular tractions on 
growing structures, which are secondary to muscular 
spasm and periarticular fi brosis.4,5 Micrognathia, leg-
length inequality, and developmental anomalies of the 
hip are examples of possible results of these processes. 
In the most severe cases, especially in children with 
systemic juvenile idiopathic arthritis, the disease and its 
treatment (steroids) can cause severe growth retardation 
and osteoporosis.47–51

Cause and pathogenesis
The cause and pathogenesis of juvenile idiopathic arthritis 
are still poorly understood but seem to include both 
genetic and environmental components. Moreover, the 
heterogeneity of this disease implies that diff erent factors 
probably contribute to the pathogenesis and cause. 

The notion that an infection triggers chronic arthritis 
in genetically susceptible individuals is attractive, but 
still unproven. The results of the fi rst genome-wide scan 
of children with the disease lends support to the 
assumption that several genes, including at least one in 
the HLA region, aff ect susceptibility to juvenile idiopathic 
arthritis.52 An indication of the importance of genetic 
factors in a certain disease can be obtained by use of the 
sibling recurrence risk (λs) in family studies. λs is 
calculated as the prevalence of the disease in siblings of 
aff ected individuals divided by the prevalence of disease 
in the general population. By use of the large US registry 

for sibling pairs aff ected by juvenile idiopathic arthritis, 
λs for this disease has been estimated to be around 15 
with HLA-DR accounting for about 17% of the risk.53,54 
The most common onset type in 164 non-twin aff ected 
sibling pairs was oligoarticular (65% overall), which lends 
support to the notion that the shared genetic makeup 
between siblings plays a part in identifi cation of onset 
type, especially oligoarticular disease. 

Many associations between subsets of juvenile idiopathic 
arthritis and HLA or non-HLA molecules have been 
described and some have been confi rmed in several 
studies.53–56 Oligoarticular disease has been consistently 
associated with HLA antigens. Positive associations 
include HLA-A2, HLA-DRB1*11 (a subtype of HLA-DR5), 
and HLA-DRB1*08. However, HLA-DRB1*04 and HLA-
DRB1*07 have been shown to be substantially decreased. 
RF-positive polyarthritis in children has been reported to 
be associated, as in adults, with HLA-DR4. In a study of 
52 white patients, all of whom showed erosive disease by 
5 years from onset, 62% of patients were DR4 positive 
compared with 29% with seronegative arthritis and 27% 
of the healthy British adult population.46 In enthesitis-
related arthritis, 76% of patients were reported to be HLA-
B27 positive compared with a population frequency of 
around 10%.57 A single nucleotide polymorphism (−174) in 
the regulatory region of the interleukin-6 gene, has been 
associated with systemic juvenile idiopathic arthritis.58,59 A 
polymorphism in the 5´ fl anking region (−173) of 
macrophage inhibitory factor has been shown to be 
associated with this disease60 and, in patients with systemic 
disease, to be correlated with high serum and synovial 
fl uid macrophage inhibitory factor concentrations, and 
worse long-term functional outcome.61 A single nucleotide 
polymorphism in the gene encoding tyrosine phosphatase 
N22 has also been associated with various autoimmune 
diseases, including juvenile idiopathic arthritis.62

Several immunological abnormalities have been reported 
in this disease,4,5 many of which are similar to those 
reported in adult rheumatoid arthritis, although others are 
more related to some disease subtypes. The infl ammatory 
synovitis in juvenile idiopathic arthritis is similar to that 
seen in adult rheumatoid arthritis.4,5 The synovium shows 
pronounced hyperplasia of the lining layer and an 
exuberant infi ltration of the sub-lining layer with 
mononuclear cells, including T cells, B cells, macrophages, 
dendritic cells, and plasma cells.63,64 The T-cell infi ltrates 
are composed predom inantly of Th-1 skewed, CD4+ cells, 
which express an activated memory phenotype and high 
concentrations of the chemokine receptors CCR5 and 
CXCR3.65,66 The hypertrophied synovial tissue has many 
vessels. The proangiogenic, vascular endothelial growth 
factor is highly expressed in synovial tissue.67 Osteopontin 
is raised in synovial fl uid and tissue, and correlates with 
new vascularisation.68 The infl ammatory process leads to 
pannus formation, with cartilage and bone erosions 
mediated by degradative enzymes, such as metallo-
proteinases.69
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Several studies have assessed blood and synovial 
cytokine concentrations in children with the various 
subsets of juvenile idiopathic arthritis but the results 
have often been inconsistent.70,71 The reported potent 
therapeutic eff ect of agents that target tumour necrosis 
factor (TNF) in many patients lends support to an 
important pathogenic role for this cytokine.

RF-positive polyarticular juvenile idiopathic arthritis is 
the equivalent in childhood of adult RF-positive 
rheumatoid arthritis, and both share the same 
pathological changes.72 As in adults, a substantial 
proportion of patients with RF-positive polyarthritis have 
circulating antibodies against cyclic citrullinated peptide 
(CCP).73 Few studies have been devoted to enthesitis–
related arthritis, which seems to belong pathogenetically 
to the group of spondyloarthropathies.74

ANAs, which are mainly associated with early-onset 
oligoarthritis, have been reported to react against diff erent 
nuclear targets, none of which are specifi c for juvenile 
idiopathic arthritis.4 Several fi ndings suggest that 
mechanisms involved in immunoregulation can 
contribute to the milder clinical course seen in patients 
with persistent oligoarticular disease, compared with 
those with extended oligoarthritis or polyarthritis. In 
patients with oligoarthritis, the ratio of regulatory to 
activated T cells in the synovial fl uid have been shown to 
be higher in patients with persistent oligoarthritis than 
in those with extended oligoarthritis.75,76 Moreover, for 
patients with oligoarticular disease, the immune response 
to some identifi ed epitopes of heat shock protein has 
been postulated to contribute to disease remission.77–79 
Furthermore, the genetic association of oligoarticular 
disease with HLA-DR alleles could be explained by 
mimicry by peptides from virus antigens such as those 
from Epstein-Barr virus.80 

Systemic patients seem to have a diff erent infl ammatory 
profi le. Children with systemic juvenile idiopathic 
arthritis have serum concentrations of the phagocyte-
specifi c calcium binding proteins (known as calgranulins) 
up to 20-fold higher than those reported in patients with 
other infl ammatory disorders.81 Concentrations of 
macrophage inhibitory factor in serum have been shown 
to be increased in patients with juvenile idiopathic 
arthritis, with the highest concentrations seen in patients 
with systemic-onset juvenile idiopathic arthritis.82 
Interleukin-18 was also reported to be increased in pa-
tients with systemic disease.83 Circulating concentrations 
of interleukin-6 are noticeably increased in patients with 
systemic disease and correlate with the extent of joint 
involvement.84,85 The overproduction of interleukin-6 can 
also explain many of the extra-articular manifestations of 
this disease, including microcytic anaemia6,7 and growth 
failure.86 Altogether, these fi ndings led to the postulation 
that systemic juvenile idiopathic arthritis could be an 
interleukin-6-mediated disease.87

A study of 11 children with systemic disease showed 
that treatment with a monoclonal antibody directed 

against the interleukin-6 receptor was associated with 
pronounced clinical improvement, and the acute-phase 
reactants returned to normal.88,89 A subsequent report90 
showed that the recombinant interleukin-1-receptor 
antagonist (IL-1Ra) given to nine patients with systemic 
disease was associated with a similar improvement, and 
that serum from patients with systemic juvenile 
idiopathic arthritis induces the transcription of innate 
immunity genes, including that of interleukin 1, in 
healthy peripheral-blood mononuclear cells. These 
fi ndings are similar to those seen in patients with 
autoinfl ammatory disorders caused by a mutation in the 
NALP3/cryopirin gene,91 in which interleukin 1 is 
associated with disease pathogenesis and in which 
treatment with IL-1Ra resolves the clinical symptoms and 
returns acute-phase reactants to normal. These diseases, 
as with systemic juvenile idiopathic arthritis, are 
characterised by increased serum interleukin-6 
concentrations that rapidly return to normal during IL-
1Ra therapy.92 These fi ndings increase the possibility that 
at least some forms of systemic juvenile idiopathic 
arthritis could represent autoinfl ammatory diseases.93 
The relation between interleukin-6 and interleukin-1 
production in this disease remains to be established, as 
well as the relative importance of these cytokines, in 
regard to the potential heterogeneity of this subset. 

Macrophage activation syndrome is characterised by a 
highly stimulated but ineff ective immune response that 
is very similar to that seen in other forms of 
haemophagocytic lymphohistiocytosis, of which the best 
known is familial haemophagocytic lymphohistiocytosis.94 
Several independent genetic loci related to the release of 
cytolytic granules from natural killer and CD8+ 
T lymphocytes have been associated with familial 
haemophagocytic lymphohistiocytosis. These mutations 
cause severe impairment of cytotoxic function which, 
through mechanisms that have not yet been well 
elucidated, leads to an excessive expansion and activation 
of cytotoxic cells with hypersecretion of proinfl ammatory 
cytokines.94 The pathogenic mechanisms associated with 
immune competent patients with acquired haemo-
phagocytic lymphohistiocytosis, including macrophage 
activation syndrome, are much less clear but probably 
involve related pathogenic pathways.95

Management
Management of juvenile idiopathic arthritis is based on 
a combination of pharmacological interventions, 
physical and occupational therapy, and psychosocial 
support.96–98 Although we still do not possess drugs that 
are able to cure the disease, prognosis has greatly 
improved, with respect to even a decade ago, because of 
substantial progresses in disease management. The aim 
of treatment is to reach complete control of the disease, 
to preserve the physical and psychological integrity of 
the child, and to prevent any long-term consequence 
related to the disease or its therapy. These aims need a 
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careful long-term follow-up, in which monitoring of 
treatment, disease activity, and disease damage is 
crucial. Periodic radiograph examination of aff ected 
joints is helpful to document progression of erosive 
disease (fi gure 7).40–42 Since juvenile idiopathic arthritis 
is not one disease, treatment approach varies between 
subtypes. However, a rational therapeutic approach is 
often not straightforward because which children will 
recover and which children will go on to have 
unremitting disease with substantial risk of joint 
destruction and permanent disability is unknown at 
disease onset. 

Non-steroidal anti-infl ammatory drugs (NSAIDs) have 
been the mainstay treatment for this disease for decades. 
Their role remains important and most children with 
juvenile idiopathic arthritis are started on an NSAID. 
Just a few NSAIDs are approved for use in children—
the most commonly used include naproxen, ibuprofen, 
and indometacin. They are usually quite well tolerated 
and side-eff ects are less common than in adults. 
Experience with COX2 (cyclo-oxygenase 2) inhibitors in 
children is scarce.99 Meloxicam, an inhibitor of both 
COX1 and COX2, has proven to be eff ective and safe in 
children in a controlled trial.100

Intra-articular steroid injections with triamcinolone 
hexacetonide are frequently needed at disease onset or 
during disease course. In monoarticular or oligoarticular 
arthritis they could be used with, or substituted for, 
NSAIDs. They are rapidly eff ective and, most importantly, 
they break the vicious circle that leads to deformities—
eg, valgus knee (fi gure 8)—secondary to contractures. 
Although intra-articular steroid injections are not 
curative, their eff ect can be longlasting. 

Patients whose disease is not well controlled by these 
approaches and an appropriate programme of physical 
therapy are candidates to receive more aggressive 
interventions. Moderate or high-dose systemic 
corticosteroid therapy should be reserved for patients 
with systemic juvenile idiopathic arthritis whose disease 
is not controlled by NSAIDs. In subtypes of juvenile 
idiopathic arthritis other than the systemic subtype, 
corticosteroids should be used very selectively because 
their potential toxic eff ects, including growth arrest or 
retardation, might outweigh any benefi ts to articular 
disease. A course of low-dose prednisone could be 
considered for reduction of pain and stiff ness in 
patients with severe polyarthritis, who are unresponsive 

to other therapies or who are awaiting the full 
therapeutic eff ect of a second-line agent.

Methotrexate has become the second-line agent of 
choice for persistent, active arthritis because of its 
eff ectiveness and acceptable toxic eff ects.101,102 
Improvement in patients is usually seen after 
6–12 weeks. The effi  cacy of this drug was established in 
a controlled trial in 1992 at a dose of 10 mg/m² per 
week.103 A multicentre randomised study has shown 
that methotrexate exerts its maximum therapeutic eff ect 
with parenteral administration of 15 mg/m² per week.104 
The supplementation of folic or folinic acid could help 
prevent the occurrence of liver enzyme abnormalities.105,106 
The introduction of biological medications has provided 
a very important new therapeutic option for the 
treatment of patients with juvenile idiopathic arthritis, 
who are resistant to conventional antirheumatic agents. 
A controlled study in patients with polyarticular disease 
course has shown the effi  cacy of etanercept, at a 
subcutaneous dose of 0·4 mg/kg twice a week, in 
patients who were resistant or intolerant to 
methotrexate.107 Subsequently, other studies108,109 have 
confi rmed the remarkable and rapid effi  cacy and the 
good safety profi le of the drug. Etanercept is the only 
antiTNF agent registered for paediatric use. However, 
controlled trials110,111 with other antiTNF agents such as 
infl iximab and adalimubab have been done. Reports of 
the effi  cacy of etanercept and infl iximab in patients 

Figure 7: Wrist radiograph of a patient with unilateral wrist synovitis 
showing progressive destructive changes in the right side

Figure 8: Valgus deformity of the knees in a 4-year-old girl with oligoarticular 
juvenile idiopathic arthritis
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with juvenile spondyloarthritides suggest that these 
drugs could also play a prominent part in the treatment 
of these disorders.112,113 AntiTNF agents in children are 
usually well tolerated. However, physicians should 
remain alert for potential side-eff ects, especially after 
extended use.114 Since cases of reactivated tuberculosis 
have been reported during treatment with TNF 
inhibitors,115 all children should have a documented 
negative tuberculosis test before any biological therapy 
is started. 

Several other drugs can have a role in specifi c 
situations. Some studies have shown that sulfasalazine 
is able to improve arthritis in the late-onset oligoarticular 
group116 and in patients with juvenile spondyloarthropa-
thies.117 A trial has shown the effi  cacy of lefl unomide in 
polyarticular juvenile idiopathic arthritis,118 but 
experience with this drug in children is still scarce. 
Systemic arthritis presents some diffi  culties. Treatment 
of macrophage activation syndrome relies on early 
detection and use of high-dose steroids and 
ciclosporin.119,120 In unremitting disease, steroid tapering 
is often accompanied by recurrence of systemic 
symptoms and arthritis. AntiTNF agents seem less 
eff ective in children with systemic arthritis than in 
those with polyarthritis,121,122 probably because of the 
unique pattern of cytokine abnormalities that 
characterises systemic arthritis. Thalidomide has been 
suggested for treatment-resistant systemic arthritis.123 
In patients with very severe unremitting disease, 
autologous bone marrow transplantation has been 
done.124 In very rare patients who develop amyloidosis, 
alkylating agents are suggested.4,5 Reports on the 
substantial clinical improvement seen in children with 
systemic arthritis, who were given anti-interleukin-1 or 
anti-interleukin-6 therapies, lend support to the notion 
that these cytokines, instead of TNFα, are key mediators 
of the infl ammatory process that underlies the ill-
ness.88–90 The availability of these novel drugs holds 
great promise, to be confi rmed in controlled trials, for 
the treatment of refractory cases of systemic juvenile 
idiopathic arthritis. 

In iridocyclitis, early diagnosis is very important for 
successful therapy.4,5 The initial approach consists of 
glucocorticoid and mydriatics eye drops. In patients 
with disease resistant to topical therapy, systemic 
steroid administration or subtenon injection of 
corticosteroids, or both treatments are needed. In 
disease not controlled by these measures, several drugs 
have been regarded as eff ective, including methotrexate, 
ciclosporin, and alkylating agents. However, no 
controlled trials have been done. The effi  cacy of 
etanercept is controversial,125–128 whereas infl iximab has 
been anecdotally reported to be of benefi t.129 Other 
studies130–132 have shown that human recombinant 
growth hormone could be benefi cial in treatment of 
severe growth retardation in juvenile idiopathic 
arthritis. An increase in bone mineral density has been 

reported with the use of oral alendronate in paediatric 
patients with diff use connective tissue diseases, 
including juvenile idiopathic arthritis, who had a low 
bone mass or fragility fractures.133 The potential long-
term toxic eff ects of bisphosphonates on the growing 
skeleton is still a cause for concern.134 Lovell and co-
workers135 reported that oral calcium supplementation 
had only a marginal eff ect on bone mineral density in 
children with this disease who were not treated with 
corticosteroids.

Physiotherapy and occupational therapy are important 
components of the therapeutic approach to any patients 
with juvenile idiopathic arthritis. Swimming and 
cycling, which do not put substantial weight on joints, 
should be encouraged. Arthroscopic synoviectomy or 
soft tissue release can be useful in select cases but have 
to be done by experienced people. Total arthroplasty, 
especially of the hip and knee, represents a successful 
option in the presence of severe functional impairment, 
and is generally delayed until growth has stopped. 
Parents might tend to excessively protect their children 
and restrict their activities, which can aff ect the proper 
development of the child’s personality and prevents 
them from acquiring adequate self-confi dence and self-
esteem. When indicated, psychological support can be 
provided. A website with information for parents of 
children with rheumatic diseases is available in 
50 languages.136

Future perspectives
The past decade has witnessed two major advances in 
assessment of the safety and eff ectiveness of new drugs 
for the treatment of paediatric rheumatic diseases.137 
The fi rst has been the implementation by the Food and 
Drug Administration of the so-called paediatric rule, 
which helps with controlled trials in childhood diseases; 
a similar measure has been approved by the European 
Parliament.138 The second has been the establishment 
of two large paediatric rheumatology networks, such as 
the Pediatric Rheumatology Collaborative Study Group 
(PRCSG) in the USA and the Paediatric Rheumatology 
International Trial Organization (PRINTO), which is 
based in Europe and includes most paediatric 
rheumatology centres in the rest of the world.137 These 
progresses mean that children with rheumatic diseases 
will have the possibility to be treated, as are adults, with 
drugs whose safety and effi  cacy have been specifi cally 
assessed in their diseases. 

However, the continuous advancements in under-
standing the mechanisms associated with the immune 
response and infl ammatory process, together with the 
availability of new treatments that can specifi cally inhibit 
single molecules or pathways, will certainly provide many 
new insights into the pathogenesis and the therapeutic 
approach to juvenile idiopathic arthritis. We anticipate 
that, 10 years from now, classifi cation and treatment of 
this disease will be revolutionised. 
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