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Abstract
Despite the well-known role of obesity as risk factor for Juvenile Idiopathic Arthritis (JIA) severity, emerging but limited 
evidence suggested a similar role for underweight. We investigated the role of body mass index (BMI) across its full spec-
trum in a cohort of children with JIA.
We retrospectively studied 113 children with JIA classified according to the International League of Association for Rheu-
matology (ILAR) criteria attending our Rheumatology Clinic. The patients underwent a comprehensive evaluation including 
both clinical and biochemical assessments. According to BMI Z-score, the cohort was divided into five groups as under-
weight, normal weight, overweight (OW), obesity (OB), and severe OB. Disease activity was calculated by Juvenile Arthritis 
Disease Activity Score 10 (JADAS-10) joint reduced count and relapses were defined according to Wallace criteria.
The mean age of the cohort was 7.43 ± 4.03 years. The prevalence of underweight, normal weight, OW, OB, and severe OB 
was 7.2%, 54.1%, 10.8%, 17.1%, and 10.8%, respectively. Significant higher ferritin levels and erythrocyte sedimentation 
rate values were found in patients with severe OB and underweight compared to subjects belonging to normal weight, OW, 
and OB groups. A greater JADAS-10 score was observed in underweight patients and in those with severe OB than other 
groups. The relapse rate was higher in patients with severe OB and underweight compared to other groups.

Conclusions: Both underweight and OB might negatively affect JIA course. Weight control is fundamental in children 
with JIA to avoid a more unfavourable course of the disease.

What is Known:
• Obesity represents a well-known risk factor for JIA severity.
• The role of underweight in children with JIA is still poorly explored.
What is New:
• As observed in children with obesity, underweight young patients with JIA seem to experience a more severe JIA course.
• Healthy lifestyle promotion in children with JIA is a crucial step in the management of the disease.
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Abbreviations
BMI	� Body mass index
DMARDs	� Disease-modifying anti-rheumatic drugs
ILAR	� International League of Association for 

Rheumatology
JIA	� Juvenile Idiopathic Arthritis
JADAS-10	� Juvenile Arthritis Disease Activity Score 10
NSAIDs	� Non-steroidal anti-inflammatory drugs
OB	� Obesity
OW	� Overweight
RA	� Rheumatoid arthritis

Introduction

Juvenile Idiopathic Arthritis (JIA) has been currently rec-
ognized as the most common chronic rheumatic disease 
in childhood [1] with a relevant burden including disease-
specific complications and cardiometabolic consequences 
[2, 3]. Based on the International League of Association 
for Rheumatology (ILAR), seven subtypes of arthritis can 
be defined according to the number of joints and the extra-
articular involvement occurring in the first 6 months of dis-
ease [4]. Over the last years, a significant improvement in 
long-term JIA outcomes has been made with the advent of 
new therapeutic options [5]. As the lack of guidelines for JIA 
treatment, therapeutic strategies for the disease have been 
established according to the American College of Rheuma-
tology recommendations taking into account JIA subtypes 
and disease activity [6, 7]. Commonly, non-steroidal anti-
inflammatory drugs (NSAIDs) and intra-articular steroids 
are considered as first line of treatment for oligoarticular JIA. 
Disease-modifying anti-rheumatic drugs (DMARDs) are use-
ful for systemic JIA (with prevalent joint involvement), and 
for polyarticular and oligoarticular JIA with moderate or high 
disease activity in addition to NSAIDs and intra-articular 
steroids [6, 7]. More, biologic drugs are used in children with 
systemic, polyarticular or oligoarticular JIA with moderate 
or high disease activity [6, 7]. In selected cases such as sys-
temic JIA with prevalence of systemic features (e.g. fever), 
systemic steroids are preferred as first line treatment [6, 7].

To date, evidence supported the influence of body mass 
index (BMI) on JIA disease activity [8], but studies in the 
field across all age groups are still conflicting [8–11].

Obesity has emerged as a modifiable risk factor for JIA 
severity both in adults and children [8, 12], but recent intrigu-
ing data have also showed a potential effect of underweight 
in this context [9]. In adults with Rheumatoid Arthritis (RA), 
obesity has been associated with high disease activity [8], 
while a significant improvement in RA disease activity has 
been observed in these patients after weight loss [13]. Con-
versely, evidence regarding the influence of BMI on JIA 
course in children is still scarce and contrasting [8, 9].

To fill this gap, we aimed at investigating the role of BMI 
across its full spectrum on the course of the disease in a 
cohort of children with JIA.

Materials and methods

We retrospectively examined 113 children with JIA clas-
sified according to ILAR criteria [4] attending our Rheu-
matology Clinic between January 1999 and January 2021. 
Informed consent was obtained prior to any procedure. The 
Research Ethical Committee of our institution approved 
the study. Exclusion criteria were considered as follows: (i) 
denied consent for diagnostic procedures, (ii) missing data, 
(iii) non-returning at the scheduled follow-up, (iv) steroid 
treatment less than 12 months prior to study inclusion and/
or at enrollment, and (v) other underlying diseases.

JIA treatment was administered according to the Ameri-
can College of Rheumatology recommendations [6]. In our 
center, NSAIDs and intra-articular steroids are the first line 
of treatment for patients with oligoarthritis. DMARDs and 
biologic drugs are used in children with systemic, polyar-
ticular JIA or patient affected by oligoarthritis not respond-
ing to NSAIDs or intra-articular steroids. Patients diagnosed 
with systemic JIA received oral steroids for short time to 
induce clinical remission, while other JIA subtypes were 
treated with intra-articular steroid injections.

All the patients with newly diagnosed JIA return to our 
observation monthly until reaching clinical remission and 
then every 3 or 6 months depending on patient clinical con-
ditions and treatments.

At the time of the first visit and at follow-up visits, 
anthropometric and laboratory data were assessed as 
described elsewhere [2]. Age at disease onset, disease dura-
tion, active joints involvement, presence of comorbidities, 
and medications were also collected. Regarding the joints 
selection, lower limbs and sacroiliac joints were evaluated 
as their well-known greater involvement in JIA subjects with 
obesity [8, 14].

Disease activity was assessed by Juvenile Arthritis Dis-
ease Activity Score 10 (JADAS-10) [15] and relapses were 
defined according to Wallace criteria [16].

According to BMI Z-score, our cohort was divided into 
five categories as underweight, normal weight, overweight 
(OW), obesity (OB), and severe obesity [17, 18].

Differences for continuous variables were analysed 
with the independent-sample t test for normally distributed 
variables and with the Mann–Whitney test in case of non-
normality. Qualitative variables were compared using the 
chi-squared test. Linear regression was used to investigate 
the association of JADAS-10 with BMI Z-score categories.

The IBM SPSS Statistics software, Version 24 (IBM, 
Armonk, NY, USA) was used for all statistical analyses. 
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Data were expressed as means ± SD. P-values less than 0.05 
were considered statistically significant.

Results

The enrolled patients showed a mean age of 7.43 ± 4.03 year. 
According to Tanner stage, all the subjects were prepubertal. 
JIA subtypes of the study population according to ILAR 
classification were as follows: 41% persistent oligoarticular, 
9.1% extended oligoarticular, 23.6% RF-polyarticular, 8.2% 
Rheumatoid Factor (RF) + polyarticular, 7.3% systemic, 
8.2% enthesitis-related arthritis, and 2.7% psoriatic arthritis.

The main features of the study population stratified on 
the basis of BMI weight status categories are reported in 
Table 1. The prevalence of underweight, normal weight, 
overweight, OB, and severe OB was 8.8%, 53.1%, 10.6%, 
16.8%, and 10.6%, respectively (Table 1). Age at disease 
onset did not differ across groups (p = 0.74).

Patients with severe OB and underweight showed signifi-
cant higher ferritin levels, C-reactive protein, and erythro-
cyte sedimentation rate values compared to subjects belong-
ing to normal weight, OW, and OB groups (p = 0.02, p = 0.02 
and p = 0.04, respectively). A greater JADAS-10 score was 
reported in underweight patients and in those with severe 
OB than other groups (p = 0.013) (Table 1). Children with 
OB and severe OB affected by JIA presented with a higher 
number of affected joints compared other groups (p = 0.04). 
Both these groups also showed a major involvement of lower 
limbs including sacroiliac and midfoot joints (p = 0.004 for 
OB and p = 0.005 for severe OB, respectively). A significant 
increased number of relapses was also reported in patients 

with severe OB and underweight compared to other catego-
ries (p = 0.02).

Discussion

In our cohort of children diagnosed with JIA, we found a 
dual role of BMI in terms of both underweight and obesity 
on disease course.

Although the role of obesity as modifiable risk factor for 
the severity and response to treatment has been reported 
both in adult patients with rheumatoid arthritis and in paedi-
atric patients with JIA [8, 19], a similar evidence for under-
weight is still very limited [9].

In an attempt to explain the effect of obesity on JIA, dif-
ferent potential pathophysiological mechanisms have been 
supposed [20]. In particular, robust evidence has supported 
the well-known mechanical role of obesity [8, 12] and its 
potential pro-inflammatory effect as central players in mod-
ulating JIA course [21].

Current estimates reported an increased prevalence 
(up to 23%) of overweight and obesity in patients with 
JIA [22]. This could be secondary to the lack of physical 
activity due to joint pain, stiffness, fatigue or other short 
or long-term disease-related disabilities [12, 23]. In addi-
tion, it has been demonstrated that JIA children with obe-
sity had higher levels of inflammatory mediators such as 
C-reactive protein (CRP), interleukin 6 (IL-6), interleukin 
1 (IL-1), and tumor necrosis factor α (TNF- α) than normal 
weight children with JIA [24, 25]. Moreover, it should be 
noted that low-grade inflammation represents a hallmark 
of obesity, as largely demonstrated [26, 27].

Table 1   Main features of the study population according to BMI weight status categories

ESR erythrocyte sedimentation rate, JADAS-10 Juvenile Arthritis Disease Activity Score 10. Bold values denote statistical significance at the 
p<0.05 level.

Underweight
(n = 10)

Normal weight
(n = 60)

Overweight
(n = 12)

Obesity
(n = 19)

Severe obesity
(n = 12)

p-value

Age at disease onset, months 89.50 ± 50.06 89.98 ± 49.9 74.60 ± 58.9 79.38 ± 47.6 98.83 ± 32.7 0.74
Sex (male), % 19.7 16.5 24.9 27.6 32.9 0.43
Ferritin,
ng/mL

99.88 ± 78.53 114.17 ± 162.16 130.08 ± 180.04 268.84 ± 259 359.91 ± 243.31 0.02

ESR, mm/h 51.37 ± 29.10 36.65 ± 27.82 27.41 ± 15.68 42.00 ± 33.19 59.45 ± 33.85 0.04
CPR,mg/dl 1.21 ± 0.12 0.12 ± 0.37 2.13 ± 0.22 4.12 ± 3.05 6.27 ± 2.98 0.02
JADAS-10 19.12 ± 8.59 14.40 ± 8.61 13.83 ± 5.58 18.73 ± 7.59 22.27 ± 7.10 0.01
Active joints, % 8.5 17 8.5 25.5 40.4 0.04
Ankle joint involvement (bilateral), % 3.7 40.7 7.4 29.6 18.5 0.13
Sacroiliac joint involvement (bilateral),% 4.3 21.7 17.4 34.8 21.7 0.004
Knee joint involvement (bilateral),% 10.7 53.6 7.1 14.3 14.3 0.27
Hip joint involvement (bilateral), % 0.0 31.3 12.5 31.3 25 0.15
Midfoot joint involvement (bilateral), % 0.0 23.1 15.4 38.5 23.1 0.005
No. of relapses, % 35.7 7.1 3.0 18.4 35.7 0.02
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Indeed, the pivotal role of adipose tissue in pro-inflammatory 
pathways activation has been largely examined [12, 25], suggest-
ing a pathogenic role for adipokines in explaining its potential 
relationship with inflammatory arthritis [25]. In this framework, 
robust data have demonstrated for these cell-signalling mole-
cules (including leptin, adiponectin, visfatin, and resistin) both 
immunomodulatory and pathogenic effects in RA development. 
Indeed, mounting evidence has supported the role of adipose tis-
sue as an active immune organ secreting various immunomodu-
latory factors [22, 25] including various adipokines (e.g. leptin, 
resistin, vaspin) and cytokines such as TNF-α, IL-6, IL-1 [24], 
which in turn might be responsible for a high disease activity in 
JIA patients with obesity [8, 20, 24].

On the other hand, a potential role for underweight in 
affecting disease activity has been also demonstrated [28]. 
The negative impact of underweight on the disease might 
be explained by hypothesising an impairment on weight 
gain due to active disease [9]. In fact, it could be supposed 
that higher chronic systemic inflammation may lead to 
lower BMI through reduced appetite, loss of lean mass, 
and increased metabolic rate [29].

The present study had some limitations that deserve 
mention. First, the cross-sectional design does not allow 
to establish causal relationships. Moreover, the small sam-
ple (although well-phenotyped) of enrolled patients, the 
lack of data potentially affecting BMI such as socioeco-
nomic status, parental education level, physical activity, 
and nutrition, and the single-centre enrolment should be 
also acknowledged.

In conclusion, our findings suggested an intriguing role 
of weight status (both as obesity and as underweight) on 
JIA course in childhood. Taking into account the overall JIA 
burden (including disease-specific complications and cardio-
metabolic derangements), an accurate management of these 
subjects is highly recommended. In addition to the arthritis 
control, maintaining an adequate BMI through dietary and 
lifestyle interventions is of paramount importance for these 
patients to avoid a more unfavourable JIA course.
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