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HLA-B27 Predicts a More Extended Disease with
Increasing Age at Onset in Boys with Juvenile
Idiopathic Arthritis
LILLEMOR BERNTSON, MICHAEL DAMGÅRD, BOEL ANDERSSON-GÄRE, TROELS HERLIN, SUSAN NIELSEN,
ELLEN NORDAL, MARITE RYGG, MAREK ZAK, and ANDERS FASTH, for the Nordic Paediatric Rheumatology Study
Group

ABSTRACT. Objective. Juvenile idiopathic arthritis (JIA) is a heterogeneous condition with very few clinical and
laboratory signs that can help predict the course and severity of the disease in the individual patient.
The cell-surface antigen HLA-B27 is well known to be associated with spondyloarthropathies, reac-
tive arthritis, and enthesitis. HLA-B27 plays an important role in the classification of JIA, since evi-
dence of sacroiliitis most often evolves after years of arthritis in other joints. We investigated the
associations of HLA-B27 and the clinical manifestations of JIA using a method as close to a popu-
lation-based study as possible.
Methods. We studied an incidence-based cohort of 305 patients collected prospectively in 3 Nordic
countries (Sweden, Norway, Denmark). Clinical and serological data of the first 3 years of the dis-
ease were collected.
Results. HLA-B27 was found to be positive in 25.5% of the patients, and we found a higher pro-
portion of HLA-B27-positive boys with older age at disease onset (p = 0.034). Regression analysis
showed a correlation of 0.7 in the HLA-B27-positive boys, pointing to a higher risk of more joint
involvement with older age at disease onset. By Fisher’s exact test, involvement of small joints in the
lower extremities was associated with HLA-B27 in boys (p = 0.011), but not in girls (p = 0.687).
HLA-B27 was associated with inflammatory back pain in both sexes (p = 0.041 in boys, p = 0.042
in girls), but with enthesitis only in boys (p < 0.001 in boys, p = 0.708 in girls).
Conclusion. HLA-B27 is of increasing importance with older age at disease onset in boys with JIA,
predicting more active joints within the first 3 years of disease, and also involving small joints in the
lower extremity to a greater degree than in HLA-B27-negative boys. During the first 3 years of dis-
ease the occurrence of HLA-B27 is associated with inflammatory back pain in both sexes, but with
enthesitis only in boys. Our data present new challenges for the ILAR classification of JIA.
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The human leukocyte antigen B27 (HLA-B27) is a cell-sur-
face protein and genetic marker of MHC class I. It has sev-
eral specific functions in the immune system and many
remain unknown. A specific ability of HLA-B27 is to pres-
ent antigens to other immune cells. Genetic polymorphism

and complexity in linkage between genes makes it difficult
to associate a single gene with both the susceptibility and
expression of a disease, but the strong linkage between
HLA-B27 and certain adult rheumatic diseases strengthens
its importance.
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In adults, HLA-B27 is known to strongly influence dis-
ease susceptibility in ankylosing spondylitis (AS)1, and it is
supposed but not proven to have a role in disease suscepti-
bility as well as the age at onset of psoriasis, psoriatic arthri-
tis, and psoriatic spondyloarthropathy2,3. Epidemiological
studies have shown that spondyloarthropathies and enthesi-
tis are more common in populations with a high prevalence
of HLA-B274,5.
By definition, juvenile idiopathic arthritis (JIA) has its

onset before the 16th birthday. JIA is an umbrella term for
several clinical entities. Etiologic factors are unknown, but
there is support for genetic susceptibility with a major con-
tribution from HLA in different populations6-8. The allele
HLA-DRB1, for example, has been identified with the
strongest overall association with rheumatoid factor (RF)-
negative JIA9,10, HLA-DR4 with RF-positive polyarticular
JIA11-13. Genetic studies in JIA are complicated; the inter-
action of HLA genes within the same locus or between dif-
ferent loci may contribute to the pathogenesis of JIA, and
makes it difficult to assess the individual contribution of
each component13. Another complicating factor is the need
for large, well defined patient cohorts that are preferably
collected in a population based manner.
The role of HLA-B27 in JIA is unclear. Sacroiliitis and

spondylitis diagnosed by plain radiographs are uncommon
during childhood, and may take many years to develop.
Although sacroiliitis and spondylitis are predicted at least to
some degree by occurrence of HLA-B27, primary involve-
ment of other joints, such as hip joints, ankles, or other
peripheral joints, is more common at disease onset14. The
difficulty in predicting sacroiliitis complicates classification
within the concept of JIA. In the International League of
Associations for Rheumatology (ILAR) classification for
JIA, boys older than 6 years with HLA-B27 are excluded
from all subgroups except the group of enthesitis related
arthritis and “other arthritis”15,16. Emphasis is put on the
probability that they may develop sacroiliitis. Bearing HLA-
B27 is an inclusion criterion for enthesitis related arthritis.
In the 1980s, Jacobs, et al17 and Hall, et al18 reported

HLA-B27 to be associated with spondyloarthritis and enthe-
sitis in childhood arthritis. The majority of the children were
boys, the arthritis involved mainly large joints in the legs,
and enthesopathy and acute iritis were common. In those
studies, as well as later followup studies of JIA, HLA-B27
was shown to be associated with sacroiliitis 3–10 years after
disease onset17-21. The studies were center-based, with lim-
ited opportunity to study the disease as a whole, and fol-
lowups were done mainly on the HLA-B27-positive
patients. The proportion of HLA-B27-positive patients with
JIA was larger than the group of patients developing
sacroiliitis. Those findings raise the question whether there
are other clinical findings in boys and/or girls, associated
with the occurrence of HLA-B27, that are important in clas-
sification.

Our aim was to analyze the clinical findings in HLA-
B27-positive and negative children with JIA during the first
3 years of disease in an incidence-based cohort of patients
collected prospectively; and to relate the findings to the
ILAR classification of JIA.

MATERIALS AND METHODS
Patients. All incident cases of JIA within defined catchment areas in
Sweden, Norway, and Denmark were prospectively collected during a 6-
year period from July 1, 1997, until December 31, 2002, as part of a Nordic
multicenter study22. Twenty pediatricians with experience in pediatric
rheumatology collected data from the incidence cases in their catchment
areas. The majority had long experience in pediatric rheumatology, and the
others examined study patients together with a skilled colleague from the
group. During regular meetings throughout the study the definitions of the
different clinical signs were discussed in order to standardize the clinical
conclusions. Letters were sent to all general practitioners, orthopedic sur-
geons, rheumatologists, and pediatricians in the area, asking that children
who satisfied the inclusion criteria for the study be referred to the local
study center. Clinical and serological data from the first 3 years of disease
were collected. The majority of patients were followed clinically at 6
months, 1 year, 2 years, and 3 years. The cumulative number of active joints
was recorded for each time period. The catchment areas consisted of 5
counties in Sweden: Jämtland, Värmland, Dalarna, Västra Götaland, and
Jönköping. In Denmark, Århus County was included, as well as the eastern
part of Denmark with the islands of Sjaelland, Bornholm, Mön, and
Lolland-Falster, excluding the county of Copenhagen. In Norway 2 coun-
ties in the northern part of the country, Troms and Finnmark, and one coun-
ty in the middle region, Sør-Trøndelag, were included. The areas were cho-
sen because they were well known by the group of pediatric rheumatolo-
gists. This was important in referrals of patients and in followup. The
approximate population of the participating counties was 1.3 million chil-
dren under 16 years of age.

Inclusion criteria. In addition to age at onset < 16 years, inclusion criteria
were at least one of the following: (1) arthritis of duration > 6 weeks; (2)
clinical signs of sacroiliitis and enthesitis; and (3) criteria fulfilled for sys-
temic disease. Patients with possible systemic JIA, but no arthritis as yet,
were collected as well. Arthritis was defined as either presence of a swollen
joint or 2 of the following: (1) limitation of movement; (2) warmth; and (3)
pain on passive or active movement.

Sacroiliitis was defined as the presence of tenderness on direct com-
pression over the sacroiliac (SI) joints. Enthesitis was defined as tenderness
at the insertion of a tendon, ligament, joint capsule, or fascia to bone.
Systemic JIA was defined according to the ILAR (Edmonton) criteria16.
Possible systemic JIA was defined as a patient with systemic JIA accord-
ing to the ILAR (Edmonton) criteria16, but without any arthritis.
Inflammatory spinal pain was defined as pain in the spine at rest with morn-
ing stiffness in the spine that improved with movement. The ILAR
(Edmonton) criteria were used for classification at 1 year of disease.

Time of onset was based on onset of arthritis (as defined above), or on
the first symptom of systemic or possible systemic disease.

Joints. The ankle joints, knees, hips, shoulders, elbows, wrists, and neck
were considered large joints; and the mandibular, costal, metacarpopha-
langeal, proximal interphalangeal, distal interphalangeal, or metatarsopha-
langeal (MTP) joints, toes, acromioclavicular, sternoclavicular, subtalar,
and tarsal joints as small joints. The SI joints were not included in the joint
counts, but occurrence of “inflammatory spinal pain” according to the def-
inition in the ILAR criteria, palpatory pain over the SI joints, radiological
sacroiliitis, and pain in the buttocks was part of the data collection.

Analysis of HLA-B27 was performed with commonly used methods,
with a complement-dependent cytotoxicity assay in the majority of the
cases. Since results of the different methods for analysis of HLA-B27 are
insignificant, we have not stressed this further23.
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Analytical procedures and statistical methods. Differences between 2
groups were tested with the chi-square test or, when appropriate, Fisher’s
exact test for categorical variables. A 2-sided analysis of variance
(ANOVA) between sex and presence of HLA-B27 was used to analyze
whether single ANOVA should be used for boys and girls, respectively.
Single ANOVA was then used in boys and girls to analyze if HLA-B27 was
associated with a different age at time of disease onset compared to the
HLA-B27-negative patients. Corrections were made according to the
Bonferroni method. A Mann-Whitney test was used for comparing non-
parametric data from 2 different groups. An independent T-test was used in
analyses of differences between boys and girls in the cumulative number of
active joints at 3 years of disease. Regression analysis was used in deter-
mination of the correlation between age at onset and cumulative number of
joints involved during the first 3 years of disease.

Informed consent was obtained from parents and children > 15 years of
age. The Research Ethical Committees in each country gave their approval
according to national practice.

RESULTS
The study population consisted of 343 children from 3
Nordic countries. Of these, 38 were excluded because of
active arthritis of less than 6 weeks’ duration, Perthes’ dis-
ease or other orthopedic conditions, or reactive arthritis, or
because the patient moved away from the area and could not
be followed. Of the remaining 305 patients, 125 came from
Sweden, 120 from Norway, and 60 from Denmark. The
ILAR classification of patients after the first year of disease
is presented in Table 1.
Of the 286 HLA-B27 analyses, 73 (25.5%) were positive

(Table 1). Although HLA-B27 was not significantly more
common in boys than in girls, there was a trend for this (p =
0.06; Table 2). Four children in our study developed sacroili-
itis confirmed by plain radiographs during the first 3 years
of disease; 3 of them were HLA-B27-positive. The recorded
number of patients with enthesitis and inflammatory spinal
pain during the study period was low, but suggested an asso-
ciation between HLA-B27 and inflammatory spinal pain in
both sexes (p = 0.041 in boys, p = 0.042 in girls; Table 3).
Enthesitis, however, was significantly associated with the
presence of HLA-B27 only in boys (p < 0.001), and not in
girls (p = 0.708) (Table 3).

The difference in age at disease onset in HLA-B27-posi-
tive versus negative children was more marked in boys than
in girls (Table 4). A 2-sided ANOVA between sex and HLA-
B27 in the total cohort significantly indicated the use of sin-
gle ANOVA for boys and girls, respectively. With single
ANOVA in boys, the presence of the HLA-B27 antigen was
associated with older age at disease onset compared to boys
without the antigen (p = 0.002). In girls, no such association
was found (p = 1.0). Bonferroni correction was used in both
analyses. The Mann-Whitney test for analyses of distribu-
tion of age at onset and prevalence of HLA-B27 in girls and
boys demonstrated a significantly skewed distribution,
toward a higher proportion of HLA-B27-positive boys with
older age at onset, even after adjustments for missing data
(p = 0.034).
Three years after onset the cumulative number of active

joints was significantly higher in girls than in boys (p =
0.001; Figure 1A). Regression analysis did not show any
correlation between the number of active joints and age at
onset in HLA-B27-negative boys (Figure 1B), but showed a
correlation of 0.7 in the HLA-B27-positive boys, pointing to
a higher risk of more joints to be involved with older age at
onset (Figure 1C). The Mann-Whitney test showed no sig-
nificant difference in the median number of active joints
during the first 3 years of disease in boys with HLA-B27
(n = 30) compared to boys without the antigen (n = 59) (p =
0.079). However, HLA-B27-positive boys with JIA tended
to be affected significantly more often in the small joints in
the lower extremity compared to HLA-B27-negative boys
(Table 5). In the HLA-B27-positive boys (n = 30) the cumu-
lative number of active subtalar and tarsal joints was 18, and
MTP and toe joints 29, for the first 3 years of disease. In the
HLA-B27-negative boys (n = 59) the cumulative number of
active subtalar and tarsal joints was 9, MTP and toe joints
17, for the first 3 years of disease.
In girls, presence of the HLA-B27 antigen was not asso-

ciated with more small joint activity in the lower extremity
(Table 5). At the same time, HLA-B27 in boys was not asso-
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Table 1. ILAR classification performed at 1 year of disease in 305 children with JIA.

Subgroup at Onset N HLA-B27 Not HLA-B27- HLA-B27-
(ILAR criteria) (% of total Analyzed positive (%) negative (%)

cohort)

Systemic arthritis 10 (3) 1 0 (0) 9 (100)
Oligoarticular persistent 131 (43) 11 22 (18) 98 (82)
Oligoarticular extended 27 (9) 1 7 (27) 19 (73)
Polyarticular RF-positive 4 (1) 0 1 (25) 3 (75)
Polyarticular RF-negative 38 (12) 0 7 (18) 31 (82)
Enthesitis-related arthritis 30 (10) 1 24 (83) 5 (17)
Psoriatic arthritis 4 (1) 0 1 (25) 3 (75)
Unclassifiable* 61 (20) 5 11 (19) 45 (81)
Total 305 19 73 (25.5) 213 (74.5)

* The majority of children in the subgroup of “unclassifiable” fulfil criteria for 2 categories. HLA: human leuko-
cyte antigen; RF: rheumatoid factor.
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ciated with a greater occurrence of arthritis in large joints in
the lower extremity (Fisher’s exact test, p = 0.59; data not
shown).

DISCUSSION
We found HLA-B27 to be of increasing importance with
older age at disease onset in boys with JIA, predicting more
active joints within the first 3 years of disease, and also
involving small joints in the lower extremity to a greater
degree than in HLA-B27-negative boys. HLA-B27 was
associated with inflammatory spinal pain in both sexes dur-
ing the first 3 years of disease, but with enthesitis only in
boys. The proportion of patients with HLA-B27 antigen was
high, 25.5% in our study population.
The HLA-B27 antigen is found in roughly 16% of the

population of Northern Norway, Sweden, and Finland24, and
in about 8%–10% of those living in the southern and central
parts of these countries, as well as in Denmark24-27. Our
findings support earlier studies that have shown HLA-B27
to be more prevalent in patients with juvenile arthritis than
in the general population. In 2 other population-based stud-
ies of occurrence of HLA-B27 in patients with JIA, 28.6%
of the patients had the antigen in Estonia28 and 42% in

Northern Norway29. In a referral center-based study of 680
patients from the USA, 14% were HLA-B27-positive and
8% of the controls carried the antigen8. It is also interesting
that the highest incidence of JIA in our earlier study was in
Northern Norway, where the prevalence of HLA-B27 in the
general population is high22, as well as the incidence of AS
in adults30.
A strength of our study was the prospective approach,

with a clear aim to use a method as close as possible to that
of a population-based study. On the other hand it is a weak-
ness of the study that many physicians were involved,
because of the risk of interobserver differences31. This may
be of particular concern when discussing the prevalence of
enthesitis, since the clinical definitions of enthesitis are
vague32. We found an association between enthesitis and the
HLA-B27 antigen in boys but not in girls, and at the same
time there was an equal association between HLA-B27 and
inflammatory back pain in both sexes. Several factors may
obscure the interpretation of these results. We know very lit-
tle about the prevalence of enthesitis in the healthy popula-
tion32, and enthesitis is also hard to define. Site-specific ten-
derness is common in healthy children and is difficult to dif-
ferentiate from enthesitis32. There is therefore a high risk of
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Table 2. HLA-B27 and sex distribution in 305 children with JIA.

n HLA-B27-positive (%) HLA-B27-negative HLA-B27 Not
Analyzed

Girls 208 43 (21.8)* 154 11
Boys 97 30 (33.7)* 59 8
Total 305 73 (25.5) 213 19

* Occurrence of HLA-B27 in boys compared to girls was analyzed with Fisher’s exact test (p = 0.06).

Table 3. Occurrence of enthesitis and inflammatory back pain in girls and boys with and without HLA-B27 anti-
gen in a cohort of 286 children with JIA.

HLA-B27-positive HLA-B27-negative p, Fisher’s exact test

Portion (%) of boys with enthesitis 10/30 (33) 2/59 (3.4) < 0.001
Portion (%) of girls with enthesitis 3/43 (7) 8/154 (5.2) 0.708
Portion (%) of boys with inflammatory 5/30 (16.7) 2/59 (3.4) 0.041
back pain

Portion (%) of girls with inflammatory 4/43 (9.3) 3/154 (1.9) 0.042
back pain

Table 4. Median (mean) age in years at time of disease onset in 305 children with JIA. Presence of HLA-B27
antigen in boys was associated with a higher age at onset compared to boys without the antigen (p = 0.002). In
girls no such association was found (p = 1.0).

Total Study Group, HLA-B27-positive, HLA-B27-negative,
n = 305 n = 73 n = 213

Girls 7.7 (7.2) 6.5 (6.9) 8.0 (7.4)
Boys 5.9 (6.8) 9.3 (9.0) 4.5 (5.9)
Total 7.0 (7.1) 8.0 (7.7) 7.0 (7.0)
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interobserver differences in the diagnosis of enthesitis. It is
also possible that the physicians’ expectations of an associ-
ation between boys with HLA-B27 and enthesitis would
influence the results, especially when the result is based on
small groups of patients.
The higher prevalence of HLA-B27 in boys with increas-

ing age at disease onset and the gradually more “polyarticu-
lar” pattern, with greater involvement of the small joints of
the feet, has been discussed19,33-35. The onset type of JIA in
those boys, mainly associated with an oligoarticular joint
pattern, predominantly in large joints in the lower extremity
and with a high risk of developing sacroiliitis8,17,18, has
dominated opinion about what are the typical clinical find-
ings in boys with JIA and HLA-B27. In contrast with the
cited studies, our data were collected prospectively in an
incidence-based setting, providing a patient cohort with
minimal referral bias. This cohort may therefore be more
representative for the whole group of HLA-B27-positive
patients.
Tarsal disease has been suggested to differentiate juve-

nile-onset AS from other forms of juvenile arthritis35. In our
study, 18 of 30 HLA-B27-positive boys had active subtalar
and tarsal joints during the first 3 years of disease. Tarsal
disease is most likely part of a pattern of joint disease that
can help to differentiate juvenile-onset AS from juvenile
arthritis.
In many studies in childhood arthritis HLA-B27 has been

associated with enthesitis, SI joint pain, spinal pain, reduced
spinal mobility, tarsal disease, absence of IgM RF, arthritis
in the lower extremity and less often arthritis in the upper
extremity compared to other subgroups of JIA, and a family
history of AS17,18,20,21,34-36. With the associations with a
more extended disease with more joints affected, our results
suggest that HLA-B27 might be a marker of a more severe
disease in older boys developing arthritis. Other studies sup-
port this suggestion. In a Finnish study the antigen was asso-
ciated with destructive disease and a higher risk of amyloi-
dosis37. A Norwegian study observed markedly more pain,
worse physical function, and lower well-being 3 years after
onset of disease in patients with juvenile AS/syndrome of
seronegative enthesopathy and arthropathy and polyarticular
RF-positive disease, as compared to other subgroups of the
disease38. In another Norwegian study patients with enthesi-
tis-related arthritis were followed at a median of 15.3 years
and were found to be in a worse condition compared to
patients with oligoarticular as well as polyarticular dis-
ease36. Seven years after onset, patients with juvenile AS
belonged to the group with the highest level of disease activ-
ity in a Swedish study of outcome in JIA39. In adults with
AS, HLA-B27 has been found to be associated with longer
disease duration and greater disease activity40.
In the 2004 version of the ILAR criteria the age of HLA-

B27-positive boys in one of the exclusion criteria was
reduced from 8 to 6 years16. The revision was based on data
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Figure 1. A. Cumulative median number of active joints during the first 3
years of juvenile idiopathic arthritis (JIA) at each age at disease onset in
208 girls and 97 boys. B. Children without HLA-B27. The cumulative
median number of active joints during the first 3 years of disease in rela-
tion to age at onset in 154 girls and 59 boys with HLA-B27-negative JIA.
C. Children with HLA-B27. The cumulative median number of active
joints during the first 3 years of disease in relation to age at onset in 43 girls
and 30 boys with HLA-B27-positive JIA.
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supporting an age-specific effect of HLA-B27 on the clini-
cal pattern of juvenile arthritis. In patients with early onset
disease, the HLA-B27 antigen seemed to have a protective
effect, while HLA-B27 in boys was associated with a sus-
ceptibility to arthritis from 5–6 years of age8. Our data sug-
gest a higher incidence of HLA-B27 with increasing age in
boys with JIA, which does not necessarily support a protec-
tive effect in younger ages. In the ILAR criteria, HLA-B27-
positive boys above 6 years of age are excluded from the
oligoarticular subgroup, the polyarticular subgroups, and the
psoriatic arthritis subgroup in favor of the enthesitis-related
subgroup16. HLA-B27-positive boys above 6 years of age
will be collected in this subgroup, which seems relevant, but
it assumes that HLA-B27 will be analyzed in all boys with
JIA older than 6 years of age; otherwise they will be classi-
fied into other subgroups. We suggest that all patients with
JIA be analyzed for HLA-B27 in order to get better knowl-
edge about the role of the antigen in clinical practice.
Another suggestion is to let arthritis remain as the only
major inclusion criterion for the enthesitis-related arthritis
subgroup, and let enthesitis be one of 6 criteria, of which 2
are needed to fulfil the subgroup criteria. This would put less
emphasis on enthesitis as an inclusion criterion and make
the criteria better adjusted to the available data. Longer fol-
lowup of our patient cohort will reveal which patients will
develop sacroiliitis and psoriasis, which are important
aspects of the discussion of classification, as well as prog-
nosis.
In our study we found supporting evidence that HLA-

B27 is an important factor predicting more extended disease
in boys of older age at onset of JIA. We also emphasize the
problems with the ILAR classification of enthesitis-related
arthritis.
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