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Abstract To evaluate whether C-reactive protein (CRP),
including variation within the normal range, is predictive
of long-term disease outcome in Juvenile Idiopathic Arthri-
tis (JIA). Consecutive patients with newly diagnosed JIA
were included prospectively from defined geographic areas
of the Nordic countries from 1997 to 2000. Inclusion crite-
ria were availability of a baseline serum sample within 12
months after disease onset and 8-year clinical assessment
data. Systemic onset JIA was not included. CRP was meas-
ured by high-sensitive ELISA (detection limit of 0.2 mg/l).
One hundred and thirty participants with a median follow-
up time of 97 months (range 95-100) were included. At

> Mikel Alberdi-Saugstrup
mikel @dadlnet.dk

Department of Pediatrics and Adolescent Medicine,
Copenhagen University Hospital, Rigshospitalet, Denmark

Department of Pediatrics, Naestved Hospital,
Region Zealand, Denmark

Institute for Inflammation Research, Copenhagen University
Hospital, Rigshospitalet, Denmark

Department of Pediatrics, University Hospital of North
Norway, Tromsg, Norway

Department of Women’s and Children’s Health, Uppsala
University, Uppsala, Sweden

Department of Pediatrics, University of Gothenburg,
Gothenburg, Sweden

Department of Laboratory Medicine, Children’s
and Women’s Health, Norwegian University of Science
and Technology, Trondheim, Norway

Department of Pediatrics, St. Olavs Hospital, Trondheim,
Norway

Department of Pediatrics, Aarhus University Hospital,
Aarhus, Denmark

follow-up, 38% of the patients were in remission off medi-
cation. Absence of remission was associated with elevated
level of CRP at baseline (odds ratio (OR) 1.33, confidence
interval (CI) 1.08-1.63, p=0.007). By applying a cutoff at
the normal upper limit (>10 mg/1), the risk of not achieving
remission was increased to an OR of 8.60 (CI 2.98-24.81,
p<0.001). Variations of CRP within the normal range had
no predictive impact on disease activity at follow-up. Base-
line levels of ESR were available in 80 patients (61%) and
elevated ESR was associated with absence of remission in
a multivariable logistic regression analysis (OR 2.32, CI
1.35-4.00, p=0.002). This results of this study indicate that
baseline CRP concentrations above 10 mg/l are predictive
of a poor outcome at 8-year follow-up. We could not dem-
onstrate any predictive value of CRP variations within the
normal range.

Keywords Arthritis - Juvenile idiopathic - High-sensitive
CRP - Erythrocyte sedimentation rate - Follow-up

Introduction

Juvenile idiopathic arthritis (JIA) is a group of chronic
rheumatic diseases in childhood with an incidence in the
Nordic countries of 9-23/100.000 children [1, 2]. For some
children, the disease has a mild course, but for others it is
a long-lasting and potentially disabling disease [3—6]. We
have previously shown a highly variable outcome of the
disease with more than 50% of patients having persistent
disease 8 years after onset [3]. Unfortunately, our insight
into prognostic risk factors is still limited and although sev-
eral predictive markers of outcome have been proposed,
results have been inconsistent [5, 7-12].
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In a large proportion of patients, the level of the stand-
ard inflammatory markers, erythrocyte sedimentation rate
(ESR), and C-reactive protein (CRP) is within the normal
range despite clinical signs of disease activity [13, 14].
Thus, JIA is for a major group of the patients a low-grade
inflammatory disease, and there is a need to develop reli-
able prognostic markers for this subgroup of JIA patients.

High-sensitive CRP assays have been developed to dif-
ferentiate between patients with low-grade inflammatory
conditions having CRP values within the normal range
[15]. Interestingly, inter-individual differences within the
normal range of CRP have been associated with the risk of
low-grade inflammatory conditions such as atherosclero-
sis, coronary events [16—18], and the metabolic syndrome
[19, 20]. Furthermore, there is evidence that differences in
CRP within the normal range is an early predictive marker
prior to the onset of rheumatoid arthritis (RA) and for the
response to treatment [21, 22]. Recently, a small study
indicated that children with active JIA have higher lev-
els of IL-6 and CRP than children with inactive JIA and
healthy controls, although still within the normal range
[23]. In addition, studies in JIA have suggested an associ-
ation between CRP levels in the upper end of the normal
range and the risk of flare after treatment withdrawal dur-
ing remission [24].

We hypothesized that an increased level of inflamma-
tion within the first year of disease onset is associated with
prolonged active disease with reduced chance of achieving
remission off medication.

The aim of this study was to investigate whether vari-
ations in baseline CRP and ESR, including differences
within the normal range, are predictive of long-term dis-
ease outcome in JIA.

Materials and methods
Patients

Between 1997 and 2000, patients with newly diagnosed
JIA were consecutively included in the Nordic JIA cohort
study from defined geographic areas of Sweden, Norway,
and Denmark [2, 3]. Blood samples from the initial visit
were collected and stored for later analysis and a uniform,
detailed, and systematic clinical assessment was performed
at baseline and at an 8-year follow-up visit performed in
relation to a clinical follow-up study [3]. Blood were taken
at the initial visit at the pediatric rheumatology department
prior to treatment with disease modifying anti-rheumatic
drugs and steroids. However, an unspecified proportion of
the patients were treated with non-steroid anti-rheumatic
drugs prior to the blood sampling.
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The inclusion criteria for this study were JIA according
to the ILAR classification system [1], availability of clini-
cal data from the time of inclusion and at the 8-year follow-
up and access to a baseline serum sample taken within 1
year after onset of JIA. Patients with systemic onset JIA
were excluded from the study (n=17), because this entity
constitutes a minor group with a different immune-inflam-
matory pathology [25-27]. Three hundred and two patients
were included in the Nordic JIA cohort and had an 8-year
follow-up assessment. Of these, 130 patients fulfilled the
inclusion criteria and had no exclusions criteria. Inability
to meet the inclusion criteria was due to absence of a stored
serum sample within the first year after JIA. ESR values
from within 1 year after disease onset were available in 80
of included patients.

Outcome measures

All outcome variables were evaluated at the 8-year follow-
up visit. The primary outcome was remission off medica-
tion at 8-year follow-up. Remission was defined according
to the validated Wallace criteria [7, 28] as inactive disease
off medication for at least 12 months [8, 29].

As secondary outcomes, damage-scores according to the
validated Juvenile arthritis damage index, articular (JADI-
A) and extra-articular (JADI-E), were applied. JADI-A
evaluates 36 joints and scores each of those from O to 2
giving a maximum score of 72. JADI-E scores 13 items in
five organ systems with a differentiated score, giving a total
score of 0—17 [29]. The JADI scores were analyzed dichot-
omized as no damage (=0) or damage (>0).

Finally, JIA-associated uveitis assessed and analyzed
dichotomized as presence or absence of uveitis during the
follow-up period.

Analyses of biomarkers

Serum samples were stored at minus 80 degrees for later
analysis. Stored samples were in 2014 analyzed by a
ROCHE® CRPHS COBAS-kit, with a CRP measur-
ing range of 0.2-20 mg/l. Samples with a concentration
>20 mg/l were reanalyzed with a standard immunoturbido-
metric assay in a COBAS® INTEGRA system. For sam-
ples with a CRP concentration below the detection limit
(0.2 mg/l) a value of 0.1 mg/l was applied in the statisti-
cal analysis (11/130 patients). Samples were analyzed in
uniplicate.

ESR was available from the records of the baseline
visit and were based on use of the Westergren method [30]
according to the local biochemical department guidelines.
Values of zero were, for the statistical analysis, set at 1 mm/
hour (7/80 patients).
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Statistical methods

Descriptive statistics were presented as absolute numbers,
percentages and absolute frequencies, and as median and
interquartile range (IQR) as appropriate.

The biomarkers were analyzed as continuous variables
using non-parametric Mann—Whitney U test, since CRP
and ESR levels did not follow a normal distribution. Sig-
nificant results (p <0.05) were subjected to conditional
logistic regression analysis using dichotomized outcome
variables for the regression models. For these analyses the
data were logarithmically transformed, as the residuals of
the variable did not follow a normal distribution.

The relationship between outcome and co-variables was
analyzed with Fisher’s exact test. As potential co-variables
gender, age at disease onset (0—4 years/5-9 years/10-16
years), anti-nuclear-antibodies (ANA), HLA-B27, rtheuma-
toid factor (RF), and cumulative number of active inflamed
joints within the first six months of disease onset (dichoto-
mized into <4 joints or >4 joints) were analyzed in an ini-
tial univariable analysis.

If associations (p<0.1) were found between these co-
variables and the outcomes, the co-variables were applied
in a multivariable logistic regression analysis. In the mul-
tivariable analysis, p values in two-tailed tests of <0.05
were considered statistically significant, and odds ratio
(OR) and 95% confidence intervals (CI) were calculated to
evaluate the predictive ability of the markers. Correlation
analysis was performed using Spearman’s Rho-correlation.
Sensitivity, specificity, and likelihood ratio of the biomark-
ers were calculated for selected concentrations. For CRP,
dichotomized at <10 mg/l and >10 mg/l, the Chi-square
test was performed for the dichotomized outcome variables.

Analyses were carried out using SAS v9.3 (SAS Insti-
tute Inc., Cary, NC, USA) and figures were made using
Graphpad Prism 6.0 (GraphPad Software Inc. La Jolla, CA,
USA).

Ethical issues

The study was conducted in accordance with the Declara-
tion of Helsinki and Research Ethics Committees accord-
ing to national practice and legislation. Written informed
consent was obtained from children and parents of children

aged <16 years.

Results

Study population

One hundred and thirty patients met the inclusion criteria
and this study cohort did not differ significantly from the

total population of patients with respect to gender, age
at onset, ANA, HLA-B27, RF or JIA category (Table 1).
The patients were followed prospectively for 97 months
(95-100). At the 8-year follow-up assessment, 38% were
in remission off medication (Table 1).

Baseline CRP measurements

The time from onset of disease to baseline CRP blood
sampling was 5.53 months (2.60-7.37). Baseline CRP
concentrations were 1.75 mg/l (0.36-10.86) and 96
patients (74%) had CRP below the normal threshold
(10 mg/1). Baseline levels of CRP according to the spe-
cific JIA category are shown in Fig. 1. JIA categories
were used as co-variables in the multivariable analysis..
CRP correlated modestly with clinical activity param-
eters at the time of sampling, while the correlations
between CRP and ESR were stronger (Table 2).

Elevated CRP (>10 mg/l) was significantly associ-
ated with absence of remission (OR 8.60, CI 2.98-24.81,
p<0.001) (Table 3) and the median CRP concentration
of 0.77 mg/l (0.24-5.12) in the remission group and a
median concentration of 4.47 mg/l (0.48-16.92) in the
non-remission group were significantly different (p <
0.001) (Fig. 2). Adjusting for oligoarticular or polyar-
ticular disease onset in a multivariable logistic regression
analysis, elevated CRP remained significantly associated
with absence of remission at 8-year follow-up (OR 1.33,
CI 1.08-1.63, p=0.007) (Table 4).

To explore the informative value of CRP within the
normal range, we investigated the predictive value of
baseline CRP below 10 mg/l in a separate analysis. No
significant associations between CRP and outcomes were
found within this subgroup (Table 4).

Baseline ESR and associations with outcome

In 80 patients, a baseline ESR value was available at 5.8
months (3.13-7.35) after disease onset.

ESR correlated significantly with CRP (rtho=0.44,
p<0.001) and higher ESR at baseline was associated
with a reduced chance of remission (6 mm/h (4—13) in the
remission group and 15 mm/h (6-41) in the non-remis-
sion group) (Fig. 2b). These findings remained significant
in the multivariable analysis (OR 2.32, CI 1.35-4.00,
p=0.002) (Table 4). Elevated ESR was also associated
with increased risk of developing extra-articular damage
(JADI-E) (OR 7.14, CI 1.79-28.53, p=0.005) (Table 4).
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Table 1 Patient demographics, comparing the Nordic JIA cohort and the present study cohort

Patient demographics

Nordic JIA cohort®, n (%) CRP study cohort, n (%) Fishers

exact test p

ESR study cohort, n (%) Fishers

exact test p

value value
Number of patients 285 (100) 130 (100) - 80 (100) -
Gender (female/male) 197/88 (69/31) 92/38 (71/29) 0.82 60/20 (75/25) 0.33
Persistent oligoarticular JTIA 86 (30) 39 (30) 1.00 23 (29) 0.89
Extended oligoarticular JIA 52 (18) 19 (15) 0.40 12 (15) 0.62
Rheumatoid factor negative polyar- 48 (17) 23 (18) 0.89 14 (18) 0.87
ticular JIA
Rheumatoid factor positive polyar- 2 (1) 1(1) 1.00 1(1) 0.53
ticular JIA
Psoriatic JIA 7(2) 3(2) 1.00 2(3) 1.00
Enthesitis-related JIA 38 (13) 22 (17) 0.37 14 (18) 0.37
Undifferentiated arthritis 52 (18) 23 (18) 1.00 14 (18) 1.00
HLA-B27 (negative/positive) 202/61 (77/23) 95/28 (77/23) 1.00 59/19 (76/24) 0.88
ANA (negative/positive)® 203/82 (71/29) 87/43 (67/33) 0.42 53/27 (66/34) 0.41
Rheumatoid factor (negative/ 83/6 (93/7) 53/1 (98/2) 0.25 44/1 (98/2) 0.42
positive)®
Uveitis (ever) 241/44 (85/15) 105/25 (81/19) 0.43 63/17 (79/21) 0.24
Age at disease onset® 6.0 (2.8-10.0) 5.6 (2.8-10.0) 0.70¢4 6.23 (2.5-10.0) 0.70¢
Number of patients in age at onset ~ 121/90/74 (42/32/26) 59/37/34 (45/28/26) 0.81 34/26/20 (43/32/25) 0.99
groups (0—4y/5-9y/10-16y)
Time from onset to primary study 6.8 (6.0-8.9) 5.5(2.6-7.4) 0.0002%¢ 5.6 (3.1-7.4) 0.003% ¢
visit (months)®
Months of follow-up® 97 (95-103) 97 (95-100) 0.28¢ 97 (95-101) 0.62¢
Cumulative number of joints with 3 (1-6) 3 (1-6) 0.94¢ 3 (1-6) 0.97¢
active arthritis the first 6 months
of disease®
Remission off medication at 8-year 113 (41) 48 (37) 0.66 26 (33) 0.30
follow-up
Not in remission off medication at 163 (59) 82 (63) 0.52 53 (67) 0.16

8-year follow-up

*Including patients from Sweden, Norway and Denmark, btaken twice with more than 3 months interval “median, IQR 25%/75%, IMann—Whit-

ney U test, “Mann—Whitney U test between CRP-cohort and ESR-cohort: p=0.73

Baseline CRP according to JIA category

Baseline ESR according to JIA category
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Fig. 1 Baseline CRP according to JIA category. CRP C-reactive
protein, ESR erythrocyte sedimentation rate, JIA Juvenile idiopathic
arthritis, pOJIA Persistent oligoarticular JIA, eOJIA extended oli-

goarticular JIA, RF-PJIA rheumatoid factor negative polyarticular
JIA, RF + PJIA rheumatoid factor positive polyarticular JIA, PsoA
psoriatic JIA, ERA entesitis-related JIA, UnDJIA undifferentiated JIA
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Tablg 2 Correlation between Markers of disease activity Spearman Rho-value p value

baseline CRP and markers of

disease activity Number of active joints 0.112 0.20
Number of restricted joints 0.122 0.16
Physician global assessment of disease activity (VAS) 0.360 0.0002
Patient/parent global assessment of well-being (VAS) 0.220 0.03
Patient/parent assessment of pain (VAS) 0.148 0.13
ESR 0.467 <0.0001

CRP C-reactive protein, VAS visual analog scale 0-10, ESR erythrocyte sedimentation rate

Table 3 Associations between dichotomized CRP (>/< 10 mg/ml)
and long-term outcome variables in JIA (5 tests)

Outcome p value OR CI
Remission off medication <0.0001 8.60 2.98-24.81
Uveitis 0.1263 225  0.90-5.65
Articular damage (JADI-A) 0.1261 3.14  0.83-11.85
Extra-articular damage (JADI-E) 1.00 0.99 0.29-3.44

Bold values indicate statistically significant

CRP C-reactive protein, OR odds ratio, CI confidence interval, JADI
Juvenile arthritis damage index

Sensitivity and specificity of CRP and ESR with respect
to achievement of remission

To evaluate the prognostic potential of the two biomark-
ers, sensitivity, specificity, and likelihood ratios were cal-
culated for selected values of CRP and ESR (Table 5).

CRP concentration at baseline

grouped according to outcome
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8 year follow-up outcome

The specificity was high (>0.9) for values above the nor-
mal threshold (CRP: 10 mg/l, ESR: 20 mm/h), implying
that 90% of the patients who went into remission after 8
years had a baseline biomarker below the normal thresh-
old. Importantly, the sensitivity of the biomarkers was
poor (<0.4), implying that only about 40% of patients who
did not achieve remission had increased CRP at baseline.
For CRP> 10 mg/l, the positive likelihood ratio was 3.7.
Using the Fagan nomogram [31], this corresponds to an
increase in the risk of not achieving remission when having
a CRP> 10 mg/l, from 62% in the cohort as a pre-test risk,
to approximately 85% post-test risk.

Calculations of relative risks (RR) of not achieving
remission off medication at the 8-year follow-up depending
on whether inflammatory markers were elevated are shown
in Table 6. The table also describes the RR of not achiev-
ing inactive disease at the 8-year follow-up depending on
the JIA category. The RR is around 1.5 if the baseline level
of CRP or ESR is elevated, resembling what is found for

ESR concentration at baseline

grouped according to outcome
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Fig. 2 CRP concentration at baseline grouped according to outcome *Mann—Whitney U test. Triangles illustrate results of individual samples.
Horizontal bars illustrate median (large bar) and interquartile range (smaller bars). CRP C-reactive protein, ESR Erythrocyte sedimentation rate
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Table 4 Association between specified biomarker and outcome

Biomarker Outcome Num- Mann-Whit- Logistic regres- Logistic regres-  Logistic regression Logistic regression
ber of ney U test sion univariate  sion multivariable multivariable (OR) multivariable (CI)
patients  (p) ) ®

CRP Remission off medi- 127 0.0012 0.0033 0.0071* 1.328 1.08-1.63

cation

CRP Uveitis 130 0.0351 0.0438 0.0685° 1.253 0.98-1.60

CRP Articular damage 101 0.5243 ns ns ns ns

(JADI-A)

CRP Extra-articular dam- 101 0.6511 ns ns ns ns

age (JADI-E)

ESR Remission off medi- 79 0.0014 0.0019 0.0024* 2.321 1.35-4.00

cation

ESR Uveitis 80 0.0556 0.1018 0.1041° 1.593 0.91-2.80

ESR Articular damage 62 0.5138 ns ns ns ns

(JADI-A)

ESR Extra-articular dam- 62 0.0124 0.0164 0.0054* 7.136 1.79-28.53

age (JADI-E)

CRP<10 mg/l Remission off medi- 93 0.2399 0.3851 0.4464 * 1.128 0.83-1.58

cation

CRP <10 mg/l Uveitis 96 0.0602 0.0631 0.1282° 1.383 0.91-2.10

CRP <10 mg/l Articular damage 84 0.3686 ns ns ns ns

(JADI-A)
CRP< 10 mg/l Extra-articular dam- 84 0.5451 ns ns ns ns

age (JADI-E)

Bold values indicate statistically significant

CRP high-sensitive c-reactive protein, ESR erythrocyte sedimentation rate, p p value, OR odds ratio, CI confidence interval, JADI Juvenile
arthritis damage index, A Articular index, E Extra-articular index, ns not significant

Multivariable analysis with covariates: ®Number of joints with arthritis during the first 6 month of disease (<4/>4), "ANA

Table 5 Sensitivity and specificity of selected cut-off values of biomarkers to predict remission at 8-year follow-up

Biomarker CRP<10mg/l CRP<20mg/l CRP<50mg/l ESR<10mm/h ESR<20mm/h  ESR <50 mm/h
Sensitivity 0.37 0.20 0.09 0.68 0.36 0.26

Specificity 0.90 0.94 0.96 0.65 0.92 1.00

Positive likelihood ratio 3.52 3.24 1.96 4.66 —*

Positive likelihood ratio CI 1.46-8.49 0.96-10.54 0.46-9.82 1.12-3.43 1.17-18.51 —*

Negative likelihood ratio 0.71 0.85 0.95 0.49 0.69 0.74

Negative likelihood ratio CI ~ 0.59-0.84 0.76-0.95 0.89-1.02 0.32-0.76 0.56-0.85 0.63-0.86

CI confidence interval

*Not possible to calculate positive predictive value due to a specificity of 1.00

the JIA categories other than persistent oligoarticular and
undifferentiated JIA. However, for most JIA categories, the
results are insignificant.The calculated RR demonstrates
the superiority of the inflammatory markers to the specific
JIA categories, as predictive markers.

Uveitis

We analyzed associations between inflammatory mark-
ers and the risk of uveitis. In univariate analysis, CRP
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was slightly associated with the risk of uveitis, although
with borderline significance (p=0.044), and this was
insignificant in the multivariable analysis that included
the presence of antinuclear antibodies (ANA) (OR 1.25,
CI 0.98-1.60, p=0.069) (Table 4). In accordance, ESR
was not associated with uveitis in the univariable analy-
sis (OR 1.59, C10.91-2.79, p=0.10) (Table 4).
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Table 6 Relative risk of not achieving remission of medication at 8-year follow-up according to JIA category and baseline CRP or ESR

JIA category Number of Number of patients not achieving Relative risk (95% CI) p value
patients remission of medication (%)

Persistent oligoarticular JIA 39 15 (38) 0.52 (0.35-0.79) 0.002

Extended oligoarticular JIA 19 15 (79) 1.31 (0.99-1.73) 0.06

RF-negative polyarticular JIA 23 18 (78) 1.31 (1.00-1.71) 0.05

RF-positive polyarticular JIA 1 (100) 1.59 (1.39-1.82) <0.0001

Psoriasis-related JIA 3 3 (100) 1.61 (1.40-1.84) <0.0001

Enthesitis-related JIA 22 17 (77) 1.28 (0.93-1.58) 0.07

Undifferentiated JIA 23 13 (57) 0.88 (0.60-1.29) 0.50

Baseline marker Number of Number of patients not achieving Relative risk (95% CI) p value
patients remission of medication (%)

Relative risk of not achieving remission of medication at 8-year follow-up according to baseline CRP or ESR

CRP >0 mg/l at baseline 34 29 (85) 1.59 (1.25-2.01) 0.0001

ESR >0 mm/h at baseline 21 19 (90) 1.54 (1.19-2.00) 0.0009

JIA Juvenile idiopathic arthritis, CI confidence interval, RFF Rheumatoid factor, CRP C-reactive protein, ESR erythrocyte sedimentation rate

Discussion

This study demonstrates, in accordance with previous
studies [8, 32, 33], that a large group of JIA patients
exhibits acute phase reactants within normal range early
after disease onset. This indicates that JIA in many
patients is a low-grade inflammatory disease in which
current inflammatory biomarkers may be of limited
value. During the last decade, several studies have inves-
tigated possible predictors of JIA outcome, and there is
indications that an increased number of active joints at
disease onset [8, 10, 11], an increased baseline JADAS
score [12] and involvement of specific “risk joints” (e.g.,
hip and ankle) [34, 35] may be predictive of a poor out-
come, although the findings are not consistent between
the studies [5]. Likewise, increased levels of ESR at base-
line have appeared predictive in some investigations [8],
while other studies found no association [11].

We observed a predictive ability of both CRP and ESR
dichotomized at the upper normal limit for remission off
medication at the 8-year follow-up. Thus, patients with
CRP levels above the upper normal range had about nine
times higher risk of not being in remission. Of note, how-
ever, a low value of this biomarker was uninformative
regarding the risk of a poor long-term outcome and simi-
larly, we did not find any predictive value of CRP variations
within the normal range.Thus, JIA patients with low levels
of inflammatory markers at baseline remain a heterogenic
group that cannot be sub-grouped in different risk profiles
by high-sensitive CRP. This patient group with low-grade
inflammation should be the focus of further investigations
to identify prognostic biomarkers.

We could not convincingly demonstrate an association
between CRP, ESR and the presence of uveitis as suggested

in previous studies [36, 37], that both found an association
with baseline ESR levels and the risk of uveitis.

The RR of not achieving remission off medication at fol-
low-up according to JIA category tended to be elevated for
all JIA categories, except the persistent oligoarticular JTA
and undifferentiated JIA, although generally insignificant.
In contrast, significantly increased RR was found for both
elevated CRP and ESR.

Division of patients into oligoarticular vs. polyarticular
patients (<4/>4 active joints) within the first 6 month of
disease onset did show significant association to the out-
come and accordingly this variable was applied in the mul-
tivariable analysis.

We found only modest correlation between baseline
CRP and clinical markers of JIA activity at baseline. This
must be viewed in the light that more than 75% of patients
had a baseline CRP within the normal range, despite active
JIA.

A major limitation of the study is that the clinical dis-
ease status was only assessed at a single time-point during
the 8-year of follow-up, missing the opportunity to evalu-
ate time to onset of remission and fluctuations in disease
activity over time. This is of particular importance given
the fact that JIA patients often have a multi-phasic disease
course, with periods of remission followed by disease-flair
[7, 38]. Nevertheless, we were able to explore the degree of
damage, which may reflect the total burden of the disease
over time.

Furthermore, we were not able to differentiate patients
according to treatment. Differences in levels of inflamma-
tory markers and clinical presentation during the course of
disease have most likely influenced the clinical decisions
regarding the intensity of the treatment. Accordingly, a
statistical correction for differences in the treatment may
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have resulted in stronger associations between biomark-
ers and outcome of disease than reported here. In line with
this, a stratified analysis between JIA categories may have
revealed stronger associations between elevated CRP and
a poorer outcome, and we cannot exclude that this may
also have revealed associations between outcome and CRP
variations within the normal range, although this issue was
addressed by multivariable analysis.

Patients were only treated with NSAIDs prior to blood
sampling while DMARDs were introduced after sampling
for this study. An ability of NSAIDs to influence CRP/ESR
levels cannot be excluded, although it is most likely minor.

A strength of this study is the well-characterized popu-
lation-based cohort with robust baseline and follow-up data
performed in relation to a study assessment. The baseline
visit and blood sampling were performed as soon as pos-
sible at the onset of disease, illustrating “real life settings”.
Furthermore, our population-based cohort represents the
total range of disease severities within the categories of JTA
studied, and most importantly including the mild cases that
are numerous in a population-based material. Therefore,
the results of this study are relevant in relation to the broad
field of pediatric rheumatology.

In this prospective long-term followed cohort, increased
levels of baseline CRP and ESR were predictive of a
poor disease outcome, but quantification of CRP within
the normal range did not provide additional prognostic
information.

Although only a minor part of our patients had baseline
CRP above 10 mg/l, our data suggest that aggressive treat-
ment at an early stage of disease should be considered for
this group of patients.

It should be underlined that the major part of the JIA
patients had normal levels of inflammatory markers,
regardless of their long-term disease outcome. For this
group of patients, we still need to identify predictive bio-
markers of disease outcome to guide the clinical decisions
regarding treatment intensity at the early stage.
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