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Abstract
Juvenile idiopathic arthritis (JIA) is the most common chronic rheumatic disease of joints in childhood. Glucocorticoids are 
being used in JIA treatment effectively for decades. Although systemic glucocorticoid use decreased with the introduction of 
biologic drugs, intraarticular glucocorticoid injections (IAGI) with nonsteroidal anti-inflammatory drugs and non-biologic 
disease modifying anti-rheumatic drugs (DMARDs) still remain the primary treatment in JIA, especially in oligoarticular 
subcategory. Systemic glucocorticoids are used mainly for severe JIA-associated complications such as macrophage activation 
syndrome (MAS), myocarditis, pericarditis, pleuritis, peritonitis, and severe anemia; as bridging therapy while waiting for the 
full therapeutic effect of DMARDs; and in certain occasions for patients with severe refractory uveitis. Since glucocorticoid 
administration is associated with many adverse events, it is important to use glucocorticoids in an optimum way balancing 
the risks and benefits. The aim of this review is to summarize the current knowledge on glucocorticoid treatment in JIA. A 
comprehensive literature search was conducted utilizing the Cochrane Library and MEDLINE/PubMed databases. The main 
topics include mechanism of action, dose, duration, adverse events, vaccination during glucocorticoid treatment, the place 
of glucocorticoids in JIA treatment guidelines and consensus treatment plans, glucocorticoid use in JIA-associated uveitis, 
MAS, and IAGI. Data from the literature provide guidance on how to use glucocorticoids in JIA treatment especially for 
IAGI and systemic use in systemic JIA and MAS. However, there is lack of evidence and need for prospective randomized 
studies in most parts including the indications in different JIA subcategories, optimum dose/route of administration/duration 
of treatment, and tapering strategies.
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Introduction

Juvenile idiopathic arthritis (JIA) is a chronic rheumatic dis-
ease characterized by arthritis of unknown etiology that per-
sists for at least 6 weeks with onset before the 16th birthday 
[1]. JIA is classified into seven subcategories by the Inter-
national League of Associations for Rheumatology (ILAR) 
as systemic arthritis, oligoarthritis, rheumatoid factor (RF) 
negative polyarthritis, RF positive polyarthritis, psoriatic 
arthritis, enthesitis-related arthritis, and undifferentiated 
arthritis [1].

First line of treatment in JIA usually consists of nonsteroi-
dal anti-inflammatory drugs (NSAIDs) and intraarticular 

glucocorticoid injections (IAGIs). These interventions still 
form the mainstay of therapy especially in oligoarticular 
JIA [2]. The second-line agents are non-biologic disease-
modifying anti-rheumatic drugs (DMARDs). Methotrex-
ate is the most widely used non-biologic DMARD in JIA 
patients [3]. The use of systemic glucocorticoids in JIA is 
currently limited with bridging therapy (while waiting for 
the therapeutic effect of DMARDs) and special indications 
such as macrophage activation syndrome (MAS) [4]. The 
introduction of biologic drugs to treatment during the last 
two decades has greatly improved the outcome and reduced 
the use of systemic glucocorticoids in patients with JIA.

Glucocorticoids are the most commonly used anti-inflam-
matory immunosuppressive drugs. Philip Hench, Tadeusz 
Reichstein, and Edward Calvin Kendall got the Nobel 
Prize in Physiology and Medicine in 1950 for discovering 
the important anti-inflammatory effects of corticosteroids. 
After that time, the use of glucocorticoids in the treatment of 
inflammatory diseases has increased tremendously. Systemic 
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glucocorticoid use is still common in JIA especially in sys-
temic subcategory.

Around 1200 JIA patients have been recruited from 49 
clinical sites in the recent CARRA (The Childhood Arthritis 
and Rheumatology Research Alliance) registry and nearly 
half of these patients have used systemic glucocorticoid 
treatment in the follow-up [5]. The probability of initiat-
ing systemic glucocorticoids in the first 6 months of dis-
ease diagnosis is highest among patients with systemic JIA 
when compared to those with other JIA subcategories [6]. 
According to the German National Pediatric Rheumatology 
Database between 2000 and 2013, one-third of systemic 
JIA patients were still being treated with systemic gluco-
corticoids at the 3-year follow-up and growth retardation 
was associated with ongoing systemic glucocorticoid treat-
ment in addition to the persistently high disease activity 
[7]. In another study, including Canadian children with JIA 
between 2005 and 2010, 85.5% of systemic JIA patients used 
systemic glucocorticoids and these patients had an estimated 
3-year cumulative incidence of 9.3% for new-onset short 
stature and 34.4% for obesity [8]. Thus, it is important to 
examine glucocorticoid strategies and glucocorticoid-related 
adverse events in JIA. It is noteworthy that the physicians 
increasingly prefer other therapies for long-term disease con-
trol since long-term systemic glucocorticoid use is associ-
ated with severe side effects. Besides, controlled studies are 
scarce on systemic glucocorticoid use in JIA.

The aim of this review is to overview the current data on 
glucocorticoid use in JIA treatment.

Search strategy

The Cochrane Library and MEDLINE/PubMed databases 
were searched (from database inception to 15 July 2018) 
according to the published guidance on narrative reviews 
[9] by entering the following keywords: (“juvenile idiopathic 
arthritis” OR “juvenile chronic arthritis” OR “juvenile rheu-
matoid arthritis”) AND (“glucocorticoid” OR “corticoster-
oid” OR “steroid” OR “prednisone” OR “prednisolone” 
OR “dexamethasone” OR “methylprednisolone” OR “tri-
amcinolone hexacetonide” OR “triamcinolone acetonide” 
OR “methylprednisolone acetate”). Case reports, original 
research articles, and review articles with a focus on gluco-
corticoid treatment in JIA were analyzed. The search was 
restricted to English articles.

Mechanism of action

Corticosteroids are synthetic analogs of natural steroids 
[10]. These drugs have both mineralocorticoid and gluco-
corticoid properties. Mineralocorticoids are important for 

electrolyte and water balance while glucocorticoids have 
anti-inflammatory, immunosuppressive, anti-proliferative, 
and vasoconstrictive effects [10]. Glucocorticoids exert their 
anti-inflammatory effects through their glucocorticoid recep-
tors [11]. They have both genomic and rapid, non-genomic 
anti-inflammatory effects. When glucocorticoids bind to 
their receptors, the receptors translocate to the nucleus and 
repress the transcription of proinflammatory genes while 
activating the transcription of anti-inflammatory genes 
[11–13]. Non-genomic effects occur via interaction of glu-
cocorticoid receptors with kinases which affects inflamma-
tory signaling pathways [14].

The term “glucocorticoid” is preferred throughout this 
text in accordance with the EULAR (European League 
Against Rheumatism) recommendations since the anti-
inflammation is the desired effect in JIA treatment [15].

Glucocorticoid dose and duration 
of treatment

According to the EULAR definitions, low dose is ≤ 7.5 mg, 
medium dose > 7.5 but ≤ 30  mg, high dose > 30 but 
≤ 100 mg, and very high dose is > 100 mg prednisolone or 
equivalent daily [15]. Pulse therapy is defined as ≥ 250 mg 
prednisolone or equivalent a day for one or a few days. How-
ever, this terminology could not be applied to the pediatric 
patients, since the dose is calibrated according to the body 
weight in children with JIA. In vaccination recommenda-
tions of EULAR, low-dose glucocorticoids were defined as 
< 0.5–2 mg/kg/day and high dose as ≥ 2 mg/kg/day or a total 
of ≥ 20 mg/day for 2 weeks or more [16]. The approximate 
equivalent doses (mg) for commonly used glucocorticoids 
in JIA treatment are as follows: 5 for prednisone or predni-
solone, 4 for methylprednisolone, and 0.75 for dexametha-
sone [17]. There is no consensus about the nomenclature 
of the duration of glucocorticoid treatment; however, usu-
ally < 3 months is considered short-term [18]. In EULAR 
publication about long-term glucocorticoid use, long-term 
refers to (3–) 6 months or more [19].

There are no evidence-based data for exact dose and dura-
tion of systemic glucocorticoid treatment in JIA. For severe 
indications, such as MAS, myocarditis, pleuritis, pericardi-
tis, peritonitis, and severe anemia, high dose pulse intrave-
nous (IV) methylprednisolone (10–30 mg/kg/day, maximum 
1 g/day, for 1–3 days) could be followed by oral predni-
solone (or equivalent) at a dose of 1–2 mg/kg/day (maxi-
mum 60 mg/day) [20, 21]. When glucocorticoids are given 
orally, the bioavailability is estimated to be around 82% in 
comparison with intravenous route [22]. However, there is 
no study comparing the efficacy of different glucocorticoid 
doses when given orally or intravenously in JIA. The dura-
tion of glucocorticoid treatment varies according to the time 



15Rheumatology International (2019) 39:13–27	

1 3

of improvement in clinical and laboratory parameters. Short 
course of lower dose glucocorticoids (usually ≤ 0.5 mg/kg/
day oral prednisolone or equivalent for ≤ 2 weeks) could be 
used for bridging therapy while waiting for full therapeutic 
effect of DMARDs [20, 21]. When to start tapering gluco-
corticoid therapy is another area of debate. Wide inter-study 
variations exist in the literature. In 2012, an algorithm was 
developed for glucocorticoid management in systemic JIA 
rilonacept trial [23]. Based on consensus, the authors identi-
fied criteria for tapering glucocorticoids as the absence of 
fever ≥ 3 days in the previous week, the absence of poor 
physical functioning, and the presence of seven laboratory 
criteria (ferritin ≤ 2500 µg/l; platelets ≤ 800,000/ml, fibrin-
ogen > lower limit of normal, INR ≤ 1.2, white blood cell 
count > lower limit of normal, hemoglobin ≥ 7.5 g/dl). The 
rate of tapering was determined as 10% of the current daily 
dose every two weeks [23]. Glucocorticoid tapering strate-
gies in CARRA consensus treatment plans (CTPs) have been 
discussed below.

Glucocorticoids in treatment guidelines 
and consensus treatment plans of juvenile 
idiopathic arthritis

The place of systemic glucocorticoids in American College 
of Rheumatology (ACR) guidelines and CARRA CTPs is 
summarized in Table 1. General outline on glucocorticoid 
use in JIA is presented in Fig. 1.

American College of Rheumatology (ACR) 2011 
guideline

Intraarticular glucocorticoid injection and systemic glu-
cocorticoids for treatment of only systemic features of JIA 
were included in 2011 ACR recommendations; systemic glu-
cocorticoids for treatment of synovitis were not included 
because of lack of evidence in the literature [24]. However, 
these recommendations were criticized for excluding sys-
temic glucocorticoid treatment for arthritis [25].

Table 1   Systemic glucocorticoids in American College of Rheumatology (ACR) guidelines and the Childhood Arthritis and Rheumatology 
Research Alliance (CARRA) consensus treatment plans (CTPs)

ACR​ American College of Rheumatology, AJC active joint count, CARRA​ The Childhood Arthritis and Rheumatology Research Alliance, CTP 
consensus treatment plan, JIA juvenile idiopathic arthritis, NA not addressed, PGA physician global assessment, SD starting dose, SJIA systemic 
JIA

Recommendations/CTPs Refer-
ence 
number

Subcategory of JIA Other prerequisites Tapering

ACR 2011 recommendations [24] SJIA with active systemic features without active 
arthritis

Active fever and PGA ≥ 7
OR
Active fever after NSAID trial

NA

ACR 2013 recommendations [26] SJIA with significant systemic features and vary-
ing degree of synovitis

PGA ≥ 5 or PGA < 5 and 
AJC > 4

OR
PGA ≥ 5 or PGA < 5 and 

AJC > 0 after NSAID trial 
fails

Optional adjunct therapy

NA

SJIA with features concerning for MAS – NA
CARRA CTPs [28] SJIA Glucocorticoid-only CTP If not tapered by 

≥ 50% of SD 
by 3 months, 
switch CTPs

CARRA CTPs [29] PolyJIA Optional adjunct therapy Four strategies
SD 0.2 mg/kg 

(max 20 mg), 
taper at 2 weeks

SD 0.5 mg/kg 
(max 30 mg) 
taper at 1 month

SD 1 mg/kg (max 
60 mg), taper at 
1 month

SD 1 mg/kg (max 
60 mg), taper at 
3 months
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IAGIs are recommended for treatment of active arthritis 
in all types of JIA regardless of the systemic therapy. It could 
be repeated at any time after 4 months, as needed. If the 
clinical improvement with IAGI lasts less than 4 months, 
escalation of systemic therapy could be considered.

Systemic glucocorticoids are recommended as the initial 
therapy in patients from the group of “systemic arthritis with 
active systemic features and without active arthritis”, if the 
patient has active fever and a physician global assessment 
(PGA) of overall disease activity of ≥ 7 of 10. It is recom-
mended for the treatment of all patients from the aforemen-
tioned group with active fever after a 2-week NSAID trial.

ACR 2013 guideline

In 2013 update of ACR recommendations, systemic JIA was 
evaluated in three sub-phenotypes: significant systemic fea-
tures and varying degrees of synovitis, significant arthritis 
and no significant systemic features, and features concerning 
for MAS [26].

IAGI was recommended at any time in the follow-up irre-
spective of the systemic treatment. It was also recommended 
as an initial sole therapy option for patients with active joint 
count (AJC) ≤ 4 from group of “without active systemic fea-
tures and with varying degrees of synovitis”. If the patient 
has AJC > 4, the use of IAGI as the only therapeutic option 
was uncertain.

Systemic glucocorticoid monotherapy is recommended as 
a treatment option for patients with “significant systemic fea-
tures and varying degrees of synovitis” if PGA < 5 and AJC > 4 
or PGA ≥ 5 irrespective of the AJC. It was also recommended 
as a secondary treatment option after failed NSAID for patients 
with PGA < 5 and AJC > 0 and for patients with PGA ≥ 5 irre-
spective of AJC. Systemic glucocorticoid treatment was rec-
ommended also as an adjunct therapy at any time in patients 
with active systemic features. The maximum duration for sys-
temic glucocorticoid therapy was defined as 1 month.

For the patients who have “systemic JIA with features 
concerning for MAS”, systemic glucocorticoid monotherapy 
was recommended as an initial therapeutic option; however, 
the treatment duration should be < 2 weeks.

The dose, tapering strategies, and minimum duration 
of glucocorticoid treatment were not addressed in ACR 
recommendations.

In 2016, the Canadian Rheumatology Association Pediat-
ric Committee reported a position statement mainly endors-
ing the ACR recommendations for JIA treatment [27].

The Childhood Arthritis and Rheumatology 
Research Alliance (CARRA) consensus treatment 
plans (CTPs)

The Childhood Arthritis and Rheumatology Research Alli-
ance (CARRA) developed four CTPs for the first 9 months 

Fig. 1   General outline for glucocorticoid use in juvenile idiopathic arthritis (DMARD disease-modifying anti-rheumatic drugs, JIA juvenile idi-
opathic arthritis, MAS macrophage activation syndrome, MP methylprednisolone, pred. prednisolone)
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of new-onset systemic JIA treatment: glucocorticoid plan, 
methotrexate plan, interleukin 1 inhibitor plan, and tocili-
zumab plan [28, 29].

Glucocorticoid plan starts with 1  mg/kg (maximum 
60 mg) daily prednisone with optional IV methylpredniso-
lone pulses (30 mg/kg, maximum 1 g, daily) for three days. 
After 1–2 weeks, if improved, prednisone could be tapered. 
If the situation is unchanged, the same dose prednisone 
could be continued. And if worsened, prednisone dose could 
be increased to 2 mg/kg (maximum 100 mg) with optional 
IV methylprednisolone pulses. If glucocorticoids could not 
be weaned by at least 50% of the starting dose by 3 months; 
switching CTPs is recommended.

The methotrexate and biologic drug plans allow for addi-
tion of glucocorticoids dosed according to the glucocorti-
coid-only plan.

In 2014, CARRA published treatment recommendations 
for new-onset polyarticular JIA [30]. Of note, polyarticular 
JIA was defined as all JIA with > 4 joints involved through-
out the disease; including both polyarticular and extended 
oligoarticular JIA subcategories of ILAR [1, 30]. The CTPs 
are step-up plan (biologic DMARD follows non-biologic 
DMARD trial), early combination plan (non-biologic and 
biologic DMARD combined), and biologic only plan. In 
these treatment plans, addition of systemic glucocorticoids 
and IAGI are optional at any time. In the case of systemic 
glucocorticoid treatment, it is recommended to use the low-
est effective dose, to taper as quickly as possible, and to 
discontinue by 3 months, if possible.

Glucocorticoid tapering strategies are defined in these 
recommendations in four options: (1) starting dose (SD) 
0.2 mg/kg (maximum 20 mg) with rapid taper in 2 weeks; 
(2) SD 0.5 mg/kg (maximum 30 mg) with fast taper in 
1 month; (3) SD 1 mg/kg (maximum 60 mg) with fast taper 
in 1 month; and (4) SD 1 mg/kg (maximum 60 mg) with 
slow taper in 3 months. The steps of tapering are detailed in 
the recommendations [30].

In a pilot study comparing the CARRA systemic JIA 
CTPs, Kimuro et al. reported that clinical inactive disease 
off-glucocorticoids was achieved more frequently by patients 
who received a biologic CTP than those receiving a non-
biologic CTP (glucocorticoids alone or methotrexate ± glu-
cocorticoids) (50% vs 0%, respectively; p = 0.014) [31]. 
A multicenter, prospective, non-randomized study called 
“FiRst-time Options for Systemic JIA Treatment” (FROST) 
is underway which will provide the first prospective com-
parison of CARRA CTPs including “glucocorticoid alone” 
CTP, performed in a real-world setting [32].

German guidelines

In 2012, German Society for Pediatric Rheumatology pub-
lished guidelines for JIA treatment [33]. They recommended 

systemic glucocorticoid use for the treatment of children/
adolescents with systemic JIA, organ manifestations of JIA 
such as uveitis and pericardial effusion, sero-positive polyar-
ticular JIA, and for bridging time until DMARDs become 
effective. It is important to note that they recommended 
against long-term use of systemic glucocorticoids. IAGI 
is recommended noting that triamcinolone hexacetonide is 
more efficient that triamcinolone acetonide inducing local 
remission.

Recently, Hinze et al. have developed practice- and con-
sensus-based strategies regarding the diagnosis and treat-
ment of systemic JIA in Germany [34]. In these strategies, 
high dose systemic glucocorticoids are regarded as an effec-
tive and proven treatment for systemic JIA. High-dose gluco-
corticoids either in IV pulse or daily oral therapy are recom-
mended as an initial option in systemic JIA treatment which 
could be repeated in case of inefficient treatment response. 
Systemic glucocorticoids may also be used as a complimen-
tary therapy during the initial treatment. IAGI can be used at 
any time for treatment of arthritis in systemic JIA.

Adverse events

Glucocorticoid administration is associated with many 
adverse events (Table 2). Both the average dose and cumu-
lative duration of glucocorticoid use affect the occurrence 
of adverse events; however, established thresholds for the 
dose and duration of glucocorticoid treatment are not avail-
able [35].

The main disadvantage of glucocorticoids is the toxic and 
metabolic adverse events associated with long-term systemic 
use at supraphysiological doses [36]. Adrenal insufficiency, 
growth restriction, Cushing’s syndrome, weight gain, ath-
erosclerosis, hypertension, hyperlipidemia, hyperglycemia 
or corticosteroid-induced diabetes, osteoporosis, osteonecro-
sis, cataract, glaucoma, gastritis, myopathy, steatohepatitis, 
skin pathologies (striae, skin atrophy, acne, impaired wound 
healing, etc.), psychosis, mood disorders, and increased risk 
for infections could be seen with glucocorticoid use [10, 37, 
38]. Some of these adverse events which are more critical 
for children with JIA have been discussed in detail below.

Growth restriction

Glucocorticoid treatment interferes with growth through 
several mechanisms including inhibiting bone formation, 
promoting bone resorption, and decreasing growth hormone 
secretion [39].

Recently, McErlane et al. reported growth restriction 
over 3 years after diagnosis in 39% of JIA patients [40]. 
The greatest decrease in height Z score was in systemic 
JIA patients 90% of whom used systemic glucocorticoids 
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for a median of 46.6 weeks. It seems likely that both sys-
temic glucocorticoid use and chronic inflammation from the 
disease itself contributed to the growth restriction in these 
patients [40]. Klotsche et al. investigated the outcome and 
treatment regimens in 597 systemic JIA patients from 2000 
to 2013 [7]. They found that treatment with systemic gluco-
corticoids and DMARDs remained stable over the period. 
Growth restriction was associated both with high disease 
activity and use of systemic glucocorticoids. It is important 
to note that one-third of the patients were still on systemic 
glucocorticoids at the 3-year follow-up [7]. Guzman et al. 
reported that new onset short stature was more frequent 
among patients with systemic JIA than those with other JIA 
subcategories [8]. Both higher systemic glucocorticoid use 
and/or more intense chronic inflammation in systemic JIA 
could be contributing to this result.

Growth hormone is used in the treatment of glucocor-
ticoid-induced growth restriction [41–43]. Adverse events 
associated with growth hormone include disease reactiva-
tion [41]. This may be through induction of proinflammatory 
cytokines by growth hormone; however, the exact mecha-
nism remains unknown [44]. Thus, growth hormone should 

be used cautiously in JIA with close follow-up of disease 
activity.

Adrenal suppression

As a result of exposure of the hypothalamic–pituitary–adre-
nal (HPA) axis to exogenous corticosteroids, adrenal sup-
pression may occur which leads to decreased cortisol pro-
duction [45]. Timing, dose, and duration of glucocorticoid 
therapy could affect the development of adrenal suppression 
[46]. Abrupt cessation of long-term glucocorticoid therapy 
without adequate tapering or occurrence of stressful condi-
tions such as surgery or severe infection while the patient is 
on glucocorticoid therapy could cause adrenal insufficiency 
due to adrenal suppression. Ahmet et al. reported that more 
than half of their pediatric patients with rheumatic disease 
(JIA being the most common diagnosis) experienced adrenal 
suppression after glucocorticoid discontinuation despite a 
gradual tapering [45]. The median duration of adrenal sup-
pression was 7 months in this study. They suggested that 
stress dosing should be considered in patients even after 
discontinuation of glucocorticoids.

Table 2   The main adverse 
events associated with 
glucocorticoid treatment

Type of glucocorticoid treatment Adverse events

Systemic use Adrenal suppression/insufficiency
Growth restriction
Cushing’s syndrome
Weight gain
Atherosclerosis
Hypertension
Hyperlipidemia
Hyperglycemia/diabetes
Osteoporosis
Osteonecrosis
Cataract
Glaucoma
Myopathy
Gastritis
Steatohepatitis
Skin pathologies (striae, skin atrophy, acne, impaired 

wound healing, etc.)
Psychosis
Mood disorders
Increase risk for infections

Intraarticular injection Local atrophy (cutaneous/subcutaneous)
Local hypopigmentation
Injection-related adverse events (e.g. Nicolau syndrome)
Adverse events associated with systemic use (rare)

Ocular topical use Cataract
Glaucoma
Adverse events associated with systemic use (rare)
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Adrenal suppression should be considered in all chil-
dren receiving glucocorticoids at supraphysiological doses 
(> 8–12  mg/m2/day hydrocortisone or equivalent) for 
> 2 weeks [47]. It is important to keep in mind that even 
low doses of therapeutic glucocorticoids could cause adre-
nal suppression. In addition, multiple short-course high-dose 
glucocorticoid therapy could cause adrenal suppression 
especially if the total exceeds 3 weeks in the last 6 months 
[48].

Adrenal suppression could be overlooked until adrenal 
crisis occurs in case of a physiological stress such as ill-
ness or surgery. To avoid adrenal crisis, adequate and care-
ful tapering before glucocorticoid cessation and adjusting 
glucocorticoid doses in case of a physical stress are impor-
tant [47]. Morning doses, lower doses, and shorter duration 
lower the risk of adrenal suppression [45, 46, 49]. Tapering 
is critical; however, we lack evidence-based guidelines for 
glucocorticoid tapering.

The initial screening test for adrenal suppression is testing 
morning cortisol levels which could be followed by low-dose 
adrenocorticotropic hormone stimulation test [47, 50]. It is 
important to note that adrenal suppression risk is higher in 
children with Cushing’s syndrome [51].

Osteoporosis

Inflammation, glucocorticoid therapy, and immobilization 
all contribute to the suppression of the bone mass in JIA 
[52]. Thus, JIA itself is associated with reduced bone min-
eral density (BMD) independent of glucocorticoid exposure 
[53, 54].

Vertebral fractures are considered as important manifesta-
tions of osteoporosis. Le Blanc et al. observed 29 incident 
vertebral fractures in 14 out of 134 children with rheumatic 
diseases (50 with JIA) during the 3 years following gluco-
corticoid initiation [55]. Every 0.5 mg/kg increase in aver-
age daily glucocorticoid dose (prednisone equivalent) was 
associated with a two-fold increase in fracture risk. Besides 
glucocorticoid treatment, increase in disease severity scores, 
increase in body mass index, and decrease in lumbar spine 
BMD were associated with increased risk for vertebra frac-
tures [55]. Rodd et al. demonstrated that 6% of children with 
glucocorticoid-treated rheumatic diseases had incident ver-
tebral fractures 12 months after glucocorticoid initiation 
[56]. In their study, 36.7% of children had JIA and half of 
these patients had systemic JIA [56].

There is no specific definition for glucocorticoid-induced 
osteoporosis in children. Definitions for osteoporosis in 
pediatrics could be used for diagnosis. According to the 
2013 PDC (the Pediatric Position Developmental Confer-
ence) revised criteria, the finding of one or more vertebral 
compression fractures in the absence of local disease or high 
energy trauma is definitive for osteoporosis in children [57]. 

In the absence of vertebral compression fractures, the com-
bination of both a clinically significant fracture history and 
a reduced bone mass for age and sex (Z score of BMD below 
− 2 at the spine L1-4 and/or total body less head) is required 
for diagnosis of osteoporosis [57]. Clinically significant frac-
ture history is regarded as the presence of ≥ 2 long-bone 
fractures by the age 10 years or ≥ 3 long-bone fractures by 
the age 19 years. The PDC strongly recommends the use 
of dual X-ray absorptiometry (DXA) for evaluating BMD 
[57]. Of note, sitting height could be used as a surrogate for 
the length of spinal column and could provide clue about 
the presence of silent vertebral compression fractures [58].

Osteonecrosis

Osteonecrosis (also known as aseptic/avascular/ischemic 
necrosis or bone infarct) is the result of a reduction/loss of 
blood supply to bone [59, 60]. Systemic glucocorticoid use 
is the leading cause of non-traumatic osteonecrosis [61]. It 
is most commonly observed after long-term high dose glu-
cocorticoid use [61]; however, it may occur after short-term 
exposure to glucocorticoids or by IAGI [62]. Osteonecrosis 
is mainly the disease of adults in the 4th–5th decades of life 
[59] and it has not been commonly reported in JIA patients. 
Since skeletal remodeling and plasticity is high in children, 
children could be less prone to glucocorticoid-induced oste-
onecrosis than adults [63, 64]. The studies about the associa-
tion of osteonecrosis and glucocorticoid use in children are 
mainly focused on patients with hematologic malignancies 
and there are scarce data about osteonecrosis in glucocorti-
coid-using JIA patients. In a population-based cohort study 
investigating the association of oral glucocorticoid use and 
osteonecrosis in children and adults with chronic inflamma-
tory diseases, the authors observed that glucocorticoid use 
was clearly associated with osteonecrosis in a dose-related 
fashion in adults while this risk was not detectable in chil-
dren [63]. It is important to note that autoimmune arthritis 
itself was independently associated with osteonecrosis [63].

In case of osteonecrosis, pain and reduction in range of 
motion could be observed; however, the patients could also 
be asymptomatic. The features in imaging are important for 
diagnosis and include rim of sclerosis on plain radiographs, 
photopenia in early disease at bone scintigraphy, and main-
tained yellow marrow at magnetic resonance imaging with 
a serpentine rim of high signal intensity (double-line sign) 
[60]. It is important to diagnose osteonecrosis early before 
the damage becomes irreversible [35]. Both non-invasive 
and invasive therapeutic options exist for osteonecrosis. 
Non-invasive measures include reduction of mechanical 
stress, physical therapy, extracorporeal shock wave treat-
ment, hyperbaric oxygen treatment, and pharmacologic 
agents such as vasodilators [60]. Surgical treatment could 



20	 Rheumatology International (2019) 39:13–27

1 3

be used for both prophylaxis (for preventing the progression 
of articular collapse) and reconstruction [60].

Ocular adverse events

The major ophthalmologic adverse events of glucocorti-
coids are cataract and glaucoma. In a study including 75 
children with JIA-associated uveitis, Thorne et al. reported 
that almost half of these patients experienced cataract at 
any point in follow-up [65]. The presence of posterior syn-
echiae, active uveitis, and topical glucocorticoid use were 
significantly associated with cataract development and use 
of topical glucocorticoids was associated with cataract for-
mation independent of uveitis activity. Of note, compared 
to eyes treated with topical glucocorticoids > 3 drops/day, 
treatment with ≤ 3 drops/day of topical glucocorticoids and 
concomitant use of other forms of glucocorticoids were 
associated with a lower risk of cataract. Stroh et al. have 
recently demonstrated that 40% of 196 examined eyes of 108 
patients with JIA-associated uveitis had ocular hypertension 
or secondary glaucoma [66]. Presenting with anterior uvei-
tis, active inflammation, and systemic glucocorticoid use 
were risk factors for developing ocular hypertension [66].

Both the dose and duration of glucocorticoid therapy 
seem to affect the risk for ocular adverse events. However, 
even small doses of glucocorticoids could lead to develop-
ment of these side effects [67]. It is important to note that 
active ocular inflammation is also a risk factor for cataract, 
ocular hypertension and secondary glaucoma besides sys-
temic/topical glucocorticoid use [68]. Especially if the child 
has growth suppression associated with glucocorticoids, risk 
for cataracts increases [69]. Ophthalmologic examination 
could be performed at baseline and after the initiation of 
glucocorticoids.

Infections

Since glucocorticoids affect both adaptive and innate 
immune system, the risk for bacterial, viral, and fungal 
infections may increase with glucocorticoid use [70–73]. 
There is no safe lower dose threshold for glucocorticoids 
for infection risk at therapeutic doses. For increased risk 
of tuberculosis, the Center of Disease Control and Pre-
vention (CDC) and the American Thoracic Society define 
the threshold as prednisone 15 mg or equivalent daily for 
> 1 month [74]. The EULAR Task Force has highlighted 
important points about long-term systemic glucocorticoid 
therapy and infection risk [19]. According to these view-
points, the current glucocorticoid dose is more risk-relevant 
than former usage or cumulative dose. And the level of harm 
of glucocorticoids depends on patient-specific risk factors 
(comorbidities, infection exposure, etc.) besides glucocor-
ticoid dose [19].

Giving the lowest dose with the quickest taper and 
shortest duration possible for control of the disease is very 
important to decrease the aforementioned adverse events of 
glucocorticoids. Besides, preferring alternate day dosing or 
intermittent IV pulses over daily oral use and early introduc-
tion of glucocorticoid-sparing agents could lower the risk for 
adverse events [36, 75].

Vaccination of JIA patients who are 
on systemic glucocorticoid treatment

For vaccination of JIA patients who are on systemic gluco-
corticoids, two points are critical to consider: (1) to prevent 
occurrence of infection with vaccine and (2) to get a protec-
tive vaccine response.

In 2011, EULAR recommendations were published for 
vaccination in pediatric patients with rheumatic diseases 
[16]. According to these recommendations, non-live vac-
cines could be administered to patients on glucocorticoid 
therapy, when indicated. However, pathogen-specific anti-
body concentrations should be checked after vaccination in 
patients on high dose glucocorticoids (≥ 2 mg/kg or a total 
dose of ≥ 20 mg/day for ≥ 2 weeks). It is recommended to 
withhold live-attenuated vaccines in patients who are on 
high dose glucocorticoids [16].

Although patients on systemic glucocorticoids present 
lower seroconversion rates, they usually reach protective 
antibody titers [76]. In a recent systematic literature review 
on vaccination in pediatric patients with systemic inflam-
matory rheumatic diseases, glucocorticoids did not seem to 
significantly hamper the immune response to vaccines [77].

There is no evidence-based data to determine the “safe” 
time for glucocorticoid initiation after live vaccines; how-
ever, it is considered as minimum of 2–4 weeks for clearance 
of live virus [71].

General measures for JIA patients who are/
will be on systemic glucocorticoid therapy

It is recommended to discuss/consider adverse events of 
glucocorticoid therapy with the patient/parents before ini-
tiating treatment (Table 3). A card stating the date of ini-
tiation of glucocorticoids, the dose and tapering regimen 
could be provided if the therapy will be prolonged [78]. 
About follow-up, monitoring body weight, linear growth, 
bone health, blood pressure, peripheral oedema, cardiac 
insufficiency, serum lipids, blood and/or urine glucose, 
and glaucoma/cataract is advisable [78]. At baseline, an 
elaborative examination of nutritional, pubertal, growth, 
and vaccination status and measurement of body weight 
and height, blood pressure, BMD, complete blood count, 
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blood glucose, lipid profile should be performed if pro-
longed systemic glucocorticoid treatment is planned [10]. 
Concomitant therapies such as NSAIDs are important 
to consider certain precautions such as initiating proton 
pump inhibitors for gastro-protection. Drug–drug inter-
actions should also be considered since glucocorticoids 
modify CYP450 enzyme system activity like many other 
drugs [79].

Bone health monitoring includes evaluation of calcium 
and vitamin D intake, physical activity, back pain, and dis-
ease-related risk factors for bone loss such as chronic inflam-
mation [10]. Annual BMD measurement for screening osteo-
porosis should be performed in the follow-up of JIA patients 
on long-term glucocorticoid therapy [36]. According to the 
2017 ACR guideline for the prevention and treatment of 
glucocorticoid-induced osteoporosis, children should be 
evaluated for clinical fracture risk within 6 months of the 
start of glucocorticoid therapy with re-evaluation every 
12 months [80]. In children (4–17 years of age) treated with 
glucocorticoids for ≥ 3 months, it is recommended to opti-
mize calcium intake (1000 mg/day) and vitamin D intake 
(600 IU/day) and lifestyle modifications (balanced diet, reg-
ular exercise, etc.) [80]. In children (4–17 years of age) with 
an osteoporotic fracture who are continuing treatment with 
glucocorticoids at a dose of ≥ 0.1 mg/kg/day for ≥ 3 months, 
treatment with an oral bisphosphonate (intravenous if oral 
treatment is contraindicated) plus calcium and vitamin D is 
recommended [80]. However, these treatment recommen-
dations are noted as conditional recommendations because 
of very low-quality anti-fracture data in children. Although 
bisphosphonates are recommended both for prevention and 
treatment of glucocorticoid-induced osteoporosis in adults 
[80]; the appropriate use is not certain in children. Recently, 
Inoue et al. have shown that the early use of bisphosphonates 
might have a bone-protective effect in glucocorticoid-treated 
children with rheumatic diseases [81]. With regards to bis-
phosphonates, one should keep in mind the potential severe 

consequences such as growth impairment (unproven) and 
teratogenicity [82].

Participation in regular physical activity and healthy low-
calorie diet are important to prevent glucocorticoid-induced 
weight gain, diabetes, and hyperlipidemia. However, there 
are scarce data about dietetic measures in case of glucocor-
ticoid therapy. Sufficient potassium intake, low sodium and 
little glucose intake, high protein intake, and low calories 
are the main features of the dietary recommendations for 
patients on systemic glucocorticoids [83]. However, there 
are no controlled studies to determine the threshold dose 
and duration of systemic glucocorticoid therapy for dietary 
precautions.

Lastly, glucocorticoid doses should be adjusted in case 
of additional stressful conditions such as surgery or infec-
tions [51].

Intraarticular glucocorticoid injections

Intraarticular glucocorticoid injections remain the first-line 
treatment especially in oligoarthritis. IAGIs to multiple 
joints have increased in medical practice currently, as well. 
In case of polyarticular involvement, IAGI could also be 
applied to only a small number of recalcitrant joints that 
do not respond to intensive systemic therapy [84]. The rec-
ommendations with regard to IAGI in guidelines have been 
discussed above.

In the systematic review on the clinical effectiveness of 
IAGI for lower limb arthritis in JIA, Jennings et al. found 
weak levels of evidence for IAGIs decreasing tenderness/
pain, swelling, synovitis, clinical signs and symptoms, 
increasing range of motion in lower limb joints, and improv-
ing medical imaging disease-related outcomes such as joint 
effusion, synovial hypertrophy, and erosion [85]. Several 
factors can modify the effectiveness of IAGI. Previously, it 
was demonstrated that JIA patients with a higher erythrocyte 

Table 3   General measures for following juvenile idiopathic arthritis patients on systemic glucocorticoid therapy

1. Discussing adverse events with patients/parents before initiation of treatment
2. Evaluating concomitant therapies for drug–drug interactions and adverse events
3. Providing an information card for the patient including dose, initiation date, and tapering regimen (especially for long-term therapy)
4. Evaluating growth (body weight and height) and pubertal status at baseline and during follow-up
5. Evaluating the nutritional status of the patient and arranging diet (low sodium, low glucose, low calories, high protein)
6. Evaluating bone health at baseline and during follow-up (with annual bone mineral density measurement)
7. Encouraging participation in regular physical activity
8. Calcium and vitamin D supplementation
9. Measuring blood pressure and basic laboratory tests (complete blood count, blood/urine glucose, lipid profile) at baseline and during follow-

up
10. Baseline and follow-up ophthalmologic examination (for cataract and glaucoma)
11. Planning for vaccination
12. Planning for dose adjustments in stressful conditions (surgery, infection, etc.)
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sedimentation rate were more likely to benefit from IAGI of 
the knees [86]. In a study including 220 JIA patients with 
1096 IAGI, positive C-reactive protein value, negative anti-
nuclear antibody, lack of concomitant methotrexate admin-
istrations, and a polyarticular (versus an oligoarticular) dis-
ease course were the strongest predictors for synovitis flare 
after IAGI [87]. Ravelli et al. have recently demonstrated 
that concomitant use of methotrexate did not improve the 
effectiveness of IAGI in oligoarticular JIA in a prospective, 
randomized, open-label trial [88].

For IAGI preparations, triamcinolone hexacetonide has 
longer duration of action than other preparations [84, 89, 
90]. In a double-blind trial on JIA patients, Zulian et al. 
showed that triamcinolone hexacetonide was superior to tri-
amcinolone acetonide in IAGI [90]. Although triamcinolone 
hexacetonide is the optimal glucocorticoid for IAGI, use of 
more soluble glucocorticoids such as methylprednisolone 
acetate is advisable for small joints [91]. Doses for triam-
cinolone hexacetonide range between 0.25 and 1.5 mg/kg 
depending on child’s and joint’s size (e.g., 0.25–0.5 mg/kg 
for wrist; 1–1.5 mg/kg for knee or hip) [84, 91]. And the 
doses for methylprednisolone acetate range between 5 and 
10 mg for small joints such as metacarpophalangeal and 
interphalangeal joints [91]. There is a lack of standardization 
and evidence on injection techniques, use of local anesthet-
ics, and post-injection strategies such as immobilization or 
avoidance of physical activity [85].

Adverse events are seen in around 2% of IAGI [90]. 
Localized atrophy (cutaneous or subcutaneous) is the most 
common adverse event [84, 92]. IAGI could cause systemic 
adverse events such as Cushingoid habitus, transient adrenal 
suppression, acneiform rashes, and insomnia [84, 93–95]. 
Injection-related side effects could be observed after IAGI, 
as well. Even Nicolau syndrome (also known as livedoid 
dermatitis or embolia cutis medicamentosa) was reported 
after IAGI [96].

Glucocorticoids in treatment 
of JIA‑associated uveitis

Chronic anterior uveitis develops in 10–15% of children with 
JIA [97, 98]. Timely diagnosis and appropriate management 
are critical to prevent vision loss and ocular complications.

CARRA CTPs for JIA-associated chronic anterior uvei-
tis have been published recently [99]. Two CTPs have been 
defined; one for methotrexate and one for tumor necrosis 
factor (TNF) inhibitors. Both of these CTPs are suitable for 
patients with uveitis resistant to topical glucocorticoids. 
Thus, topical glucocorticoids have been regarded as the pri-
mary treatment for JIA-associated uveitis. They mentioned 
that methotrexate or TNF inhibitor CTPs could also be 
applied to children on systemic glucocorticoids and with a 

history of unsuccessful subtenar steroid injections. There is 
no CTP including systemic glucocorticoids since this treat-
ment is usually managed by ophthalmologists rather than 
rheumatologists. However, expert opinion is to avoid sys-
temic glucocorticoids in chronic anterior uveitis treatment. 
It could be started as a bridging therapy while waiting for 
glucocorticoid-sparing agents to be effective. It is important 
to note that systemic glucocorticoids should be tapered in 
2 weeks after the initiation of glucocorticoid-sparing agents.

Systemic glucocorticoids were addressed in a clinical 
management algorithm for JIA-associated uveitis based 
on interdisciplinary panel (including ophthalmologists and 
pediatric rheumatologists) consensus reported in 2015 [100]. 
According to this algorithm, oral prednisolone (or equiva-
lent) at doses of 1–2 mg/kg/day could be initiated in JIA 
patients with grade 3 + and 4 + uveitis without improvement 
with topical glucocorticoids. The dose could be reduced 
when improvement is observed as the effect of a biologic or 
non-biologic DMARD manifests [100].

The SHARE (Single Hub and Access point for pediat-
ric Rheumatology in Europe) initiative has also provided 
recommendations for the diagnosis and treatment of JIA-
associated uveitis; mainly chronic anterior uveitis, recently 
[101]. In SHARE recommendations, topical glucocorticoids 
(preferably prednisolone acetate or dexamethasone) are des-
ignated as the first-line treatment of anterior uveitis. There 
is no reference to systemic glucocorticoids as a treatment 
option in JIA-associated uveitis. However, in the text, the 
authors mentioned that systemic glucocorticoids may be 
helpful for rapid control of severe uveitis or in the presence 
of macular oedema. When there is need for systemic immu-
nosuppression, methotrexate is the first choice. And in case 
of methotrexate inefficacy/intolerance, initiating biologic 
drugs are recommended.

The main adverse events related with topical ocular glu-
cocorticoids are cataract formation and glaucoma as men-
tioned above [101]. It is important to switch to systemic 
treatment when risks associated with high doses of topical 
glucocorticoids outweigh the beneficial effects.

Local ocular injectable therapy with glucocorticoid 
implants remains as an option especially in patients with 
severe persistent ocular inflammation or macular oedema 
[102, 103].

Glucocorticoids in macrophage activation 
syndrome (MAS) treatment

Macrophage activation syndrome is a form of reactive 
hemophagocytic lymphohistiocytosis occurring in 6–8% of 
systemic JIA patients and it is a life-threatening medical 
emergency [104].
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High dose glucocorticoid therapy is regarded as the 
first-line treatment in systemic JIA-associated MAS [105]. 
Other therapeutic options include cyclosporine A, intra-
venous immunoglobulin (IVIG), etoposide, and cytokine-
targeting biologic drugs.

High dose glucocorticoids are usually administered in the 
form of IV pulse methylprednisolone therapy [105, 106]. 
However, Nakagishi et al. reported that dexamethasone pal-
mitate, a liposome-incorporated dexamethasone, inhibited 
inflammation effectively in four MAS patients (JIA-asso-
ciated MAS in three of them) who did not respond to pulse 
methylprednisolone therapy sufficiently [107].

In a large series including 362 children with systemic 
JIA-associated MAS, almost all patients received systemic 
glucocorticoids mostly in IV form [108]. Of note, two-
thirds of patients received cyclosporine A, one-third IVIG, 
and 15% received biologic drugs with anakinra being the 
most prevalent choice.

Conclusion

We have been using glucocorticoids effectively in JIA treat-
ment for almost 60 years. There are many adverse events 
associated with glucocorticoids most of which could be 
prevented with the optimum use of this therapy. However, 
the benefits and risks of glucocorticoid therapy should be 
continuously balanced throughout the treatment. And the 
dose/duration of treatment should be tailored according to 
each patient instead of applying general recommendations 
which are mainly based on observational or retrospective 
studies and expert opinion. Data from the literature guide us 
to use glucocorticoids in an optimum way in JIA enlighten-
ing the issues especially about the indications of IAGI and 
systemic use in systemic JIA and MAS. However, there is 
still lack of evidence and need for prospective randomized 
studies in most parts including the indications in different 
subcategories of JIA, the optimum dose/route of administra-
tion/duration of treatment, and tapering strategies.
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