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Abstract

The discovery of glucocorticoids represented a crucial moment in the history of medicine, particularly in the treat-
ment of rheumatic diseases. These powerful hormonal substances revolutionized therapeutic approaches, enabling
effective management of severe diseases that previously resulted in disability or even death. Glucocorticoids remain
an essential part of emergency treatment. The first section of this work presents the history of research on adrenal
hormones, biochemical and pharmacological aspects of their action, as well as the general principles of glucocorticoid
therapy in rheumatic diseases. The paper also discusses detailed expert recommendations and guidelines from recog-
nized rheumatological organizations regarding the use of glucocorticoids in the treatment of arthritis and systemic
connective tissue disorders. This review presents the current and systematic knowledge on the role of glucocorticoids
in the therapy of rheumatic diseases, with particular emphasis on their use in daily clinical practice.

Streszczenie

Odkrycie glikokortykosteroidéw stanowito przetomowy moment w historii medycyny, zwtaszcza w leczeniu choréb
reumatycznych. Substancje te, o silnym dziataniu hormonalnym, zrewolucjonizowaty mozliwosci terapeutyczne, po-
zwalajac na skuteczne leczenie schorzen o ciezkim przebiegu, ktére wczesniej prowadzity do niepetnosprawnosci
lub nawet $mierci pacjentéw. Glikokortykosteroidy nadal pozostajg niezastgpione w stanach nagtych. W pierwszej
czesci pracy przedstawiono historie badan nad hormonami nadnerczy, biochemiczne oraz farmakologiczne aspek-
ty ich dziatania, a takze ogdlne zasady leczenia glikokortykosteroidami w chorobach reumatycznych. Oméwione
zostaty réwniez szczegétowe rekomendacje ekspertéw oraz uznanych organizacji reumatologicznych dotyczace
stosowania glikokortykosteroidéw w leczeniu zapalen stawéw i choréb uktadowych tkanki tacznej. Opracowanie
to ma na celu przedstawienie aktualnej i usystematyzowanej wiedzy na temat roli glikokortykosteroidéw w terapii
chordéb reumatycznych, ze szczegdlnym uwzglednieniem wykorzystania ich w codziennej praktyce kliniczne;j.
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Introduction fects on physiological and pathological processes, as well

as the absence of therapeutic alternatives with compa-
Despite the rapid advances in pharmacology over the rable mechanisms of action. Today, GCs are used across
past several decades, few classes of drugs have achieved nearly all fields of clinical medicine. Although decades
such broad application in medicine as glucocorticoids of clinical experience with GCs have provided a thor-
(GCs). Their widespread use stems from their diverse ef- ough understanding of their pharmacological proper-
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ties, further research is still needed. The development
of optimal treatment regimens that balance therapeutic
efficacy with the risk of adverse effects remains a major
challenge.

Among the various effects of GCs, their ability to inhibit
inflammatory and immune responses has been particu-
larly valuable in the treatment of autoimmune disorders.
For this reason, GCs hold a special place in rheumatology,
and are frequently introduced as first-line therapy due to
their relatively rapid therapeutic effects. Consequently,
they are commonly used in remission-inducing protocols
and, in selected cases, as part of maintenance therapy. In
addition, their rapid action makes them valuable as emer-
gency treatment in acute, life-threatening situations.

Our paper summarizes and compares current principles
for the use of GCs in treating different rheumatic dis-
eases, based on the latest recommendations and re-
search data.

Historical outline

In 1929, Philip Showalter Hench, head of the Rheu-
matology Department at the Mayo Clinic, observed
that symptoms of rheumatoid arthritis (RA) improved
during jaundice or pregnancy. However, potential
causes of this condition, such as hyperbilirubinemia
or increased release of female hormones, do not oc-
cur simultaneously with pregnancy and jaundice.
He therefore postulated that a naturally occurring, un-
identified substance, later referred to as “Factor X” or
“Substance X,” was responsible for this symptomatic
relief [1]. The temporary remission of RA symptoms
observed in the postoperative period, together with
knowledge of the adrenal response to surgical stress
and the fatigue seen in Addison’s disease, similar to
that in RA, led Hench to consider the adrenal glands as
a possible source of substance X. In 1935, he began co-
operation with Edward Kendall, a professor of physio-
logical chemistry at the Mayo Clinic, who had been the
first to isolate crystalline thyroxine and, in 1930, had
initiated research on the adrenal glands. At the same
time, Tadeusz Reichstein, a Polish-born professor of
organic chemistry conducting research in Switzerland,
attempted to isolate adrenal hormones. By 1940, 28
substances had been isolated from the adrenal glands,
four of which showed effects in animal testing. One
of these was dehydrocorticosterone, referred to as
‘Compound E’ (cortin) by Kendall and ‘Substance Fa’ by
Reichstein. Compound E appeared to have a life-saving
effect in animals after adrenalectomy, leading Kendall
and Hench to conclude that it might be the ‘Substance
X’ they were seeking. At that time, however, isolating
adrenal hormones was ineffective [2].

During World War Il, reports surfaced that German
scientists had isolated an adrenal hormone, which en-
hanced combat pilots’ tolerance to low oxygen levels and
was used in treating post-traumatic shock. In 1941, the
progression of the war led the National Research Coun-
cil, a U.S. government organization, to fund three initia-
tives: the development of antimalarial medications, the
production of penicillin, and isolation and synthesis of
cortin, with the latter one given highest priority.
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In 1942, Lewis Sarett of Merck Pharmaceuticals com-
pleted aresearch fellowship at the Mayo Clinic and began
close collaboration with Edward Kendall. By December
1944, Sarett had synthesized Compound E from ox bile,
and by November 1948, with Kendall’s assistance, he had
improved a 37-step process for producing the hormone,
making commercial use possible [3].

The first recipient of Compound E was a 29-year-old
woman with severe RA unresponsive to treatment for
four and a half years. She was admitted to the Mayo
Clinicon July 26, 1948, with complaints of stiffness, pain,
and oedema involving multiple joints. Imaging revealed
destructive joint changes and elevated erythrocyte
sedimentation rate (ESR) of 109 mm/h. Oral lactofer-
rin produced neither jaundice nor clinical improvement.
The patient’s symptoms worsened over hospital stay,
making the patient bedridden. On September 21, 1948,
the first intramuscular injection of 100 mg of compound E
was administered. Gradual improvement was initially
observed, but morning stiffness had nearly resolved by
day 3, allowing the patient to walk. Joint pain and oe-
dema decreased after a week of receiving compound E.
At 8 days, the dose was reduced to 50 mg/day for 4 days,
followed by 25 mg/day for 10 days. However, the symp-
toms recurred, accompanied by a further increase in
ESR. Since the fall of 1948, compound E had been admin-
istered to 14 patients with moderate to severe disease.
Two of these patients also received adrenocorticotropic
hormone (ACTH). A water-based cholesterol solution
was used as a control, administered either in place of or
several days before compound E. Both patients and re-
searchers were blinded to the timing of its replacement
with compound E. Compared to the control solution, all
patients treated with the active substance showed sig-
nificantimprovement in joint stiffness and pain, as well as
increased mobility, and a lower ESR. Some patients expe-
rienced first adverse reactions. On June 1, 1949, Hench
and his team published a paper reporting the efficacy of
compound E and ACTH in treating RA[1].

In 1950, Edward Calvin Kendall, Tadeusz Reichstein, and
Philip Showalter Hench were jointly awarded the Nobel
Prize in Physiology or Medicine “for their discoveries re-
lating to the hormones of the adrenal cortex, their struc-
ture and biological effects”.

Endogenous synthesis of steroid hormones

The adrenal gland is made up of medulla, which releases
catecholamines, and cortex, which is histologically and
endocrinologically divided into three layers. The outer
layer (zona glomerulosa) secretes aldosterone, the mid-
dlelayer (zonafasciculata) releases cortisol, and the inner
layer (zonareticularis) secretes asex hormone precursor -
dehydroepiandrosterone (DHEA) and its derivative, de-
hydroepiandrosterone sulfate. Each layer releases hor-
mones upon stimulation by ACTH, whose release is regu-
lated by hypothalamic corticotropin-releasing hormone
(CRH). The outer layer secretes aldosterone, whose pri-
marily roleis to regulate water and electrolyte balance. In
addition to ACTH stimulation, its secretion is also medi-
ated by extracellular potassium levels and angiotensin Il.
Therefore, this layer does not undergo atrophy in the ab-
sence of ACTH stimulation. The two inner layers of the
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adrenal cortex, however, are more dependent on ACTH.
Increased levels of this hormone cause their hypertrophy
and up-regulate the secretion of GCs and androgen pre-
cursors, whereas decreased ACTH levels result in their
hypotrophy.

At the cellular level, ACTH binds to the MC2 receptor
(MC2R), activating the adenylate cyclase pathway and
promoting the translation of multiple enzymes required
for steroid hormone synthesis in the adrenal cortex [4].

The effects of corticosteroids on the body

The adrenal cortex synthesizes two classes of steroid
hormones: corticosteroids (glucocorticoids and miner-
alocorticoids), which have 21 carbon atoms, and andro-
gens,whichhave 19 carbonatoms.Corticosteroids affect
the metabolism of carbohydrates, proteins, and lipids.
They also play a role in regulating the immune, cardio-
vascular, excretory, nervous, musculoskeletal, and en-
docrine systems. They help the body cope with stressors
such as trauma, infections, and extreme temperatures.
Corticosteroids are classified into mineralocorticoids
and glucocorticoids, based on their roles in regulating
water, electrolyte, and carbohydrate metabolism. Their
effects on glucose metabolism typically correlate with
anti-inflammatory properties, without significantly in-
fluencing sodium retention. This results from stimula-
tion of different target sites and variations in ligand
selectivity [4].

GCs bind to receptors in specific tissues, altering the ex-
pression of target genes and, consequently, affecting the
production of specific proteins. The genomic response
is delayed, becoming apparent after at least 30 minutes,
usually several hours. Glucocorticoid receptors (GCRs
or GRs) are members of the nuclear transcription factor
family. In the cytoplasm, they remain inactive, bound to
other proteins. Binding to corticosteroids activates the
receptor and translocates it to the nucleus, where it inter-
acts with specific DNA sequences called glucocorticoid
response elements (GREs), which confer specificity in
gene transcription. Genes can be activated or suppressed
in this way, thereby altering protein production. A key
mechanism by which GCs exert their ant-inflammatory
actionis by inducing the production of lipocortin 1, which
inhibits phospholipase A2, affecting the arachidonic acid
cascade and reducing the synthesis of inflammatory
mediators. GCs also reduce the synthesis of various cy-
tokines, including TNF-alpha and interleukins 2 and 6
(IL-2, IL-6). Some inhibitory effects of GCs, such as re-
duced expression of genes encoding cytokines, collage-
nases, and metalloproteinases, are mediated by protein-
proteininteractions between GRs and other transcription
factors (e.g., NF-kB and AP-1). GCs also influence mRNA
stability, translation, and secretion. For example, they can
limit the production of cyclooxygenase-2 mRNA, which is
normally stimulated by interleukin 1 (IL-1). Furthermore,
GCshaverapid, not fully understood non-genomic effects
on specific cell membrane receptors. A possible physico-
chemical mechanism has also been described, whereby
GCs directly affect membrane channel activity, thereby
interfering with lymphocyte activation induced by el-
evated intracellular calcium. Summarising, the genomic
effects of GCs develop gradually at low doses, while non-
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genomic effects appear almost immediately but require
much higher doses [4, 5].

Molecules used in rheumatology

For therapeutic use, synthetic GCs with high anti-in-
flammatory activity and minimal or no mineralocorticoid
effects are preferred. The anti-inflammatory potency
of different preparations is expressed in milligrams of
prednisone-equivalent dose. Prednisone is used as a ref-
erence for historical reasons, being the first synthetic,
pharmacologically relevant glucocorticoid introduced
into clinical practice. This conversion applies when equiv-
alent doses do not exceed 100 mg of prednisone, as ge-
nomic effects predominate at these levels. At higher dos-
es, non-genomic effects emerge, and the relative potency
of different GCs may vary [6].

To achieve a rapid therapeutic effect during rheumatic
disease exacerbations, intravenous methylprednisolone
is often preferred over prednisone. While both agents
share similar genomic effects, methylprednisolone ex-
hibits more than three times the non-genomic effect [6].
The therapeutic effect and the risk of adverse effects
are directly proportional to both the dose and the dura-
tion of GC therapy. This is due to GCR saturation and the
enhanced non-genomic effects at high doses. It was pro-
posed in 2002 that daily glucocorticoid doses be divided
into:

B low: <7.5 mgprednisone equivalent;

B medium: >7.5 mgbut <30 mg prednisone equivalent;
Bl high: >30 mg but <100 mg prednisone equivalent;

B very high >100 mg prednisone equivalent.

Another treatment approach, referred to as ‘pulse ther-
apy, involves intravenous doses of 2250 mg prednisone
equivalent per day administered for up to five days [6].

General principles of GC treatment in rheumatology

In 2007, the European League Against Rheumatism
(EULAR), renamed the European Alliance of Associations
for Rheumatology in 2021, issued recommendations for
the use of GCs in rheumatic diseases [7]. Initial dose,
dose reduction and long-term dosing depend on the un-
derlying rheumatic disease, its activity, risk factors, and
the patient’s individual responsiveness. The timing of
GC administration can also affect their effectiveness,
as symptoms (such as morning stiffness in RA) and pro-
inflammatory cytokine levels follow a circadian rhythm,
peaking in the morning. The lowest effective dose should
be used due to the pharmacodynamic properties of GCs.
The therapy should be tapered or discontinued during
remission or low disease activity. Before starting treat-
ment, risk factors for adverse effects need to be as-
sessed, and comorbidities such as glaucoma, diabetes
mellitus, and hypertension should be taken into account,
implementing appropriate prophylaxis and treatment
where needed. Potential adverse effects should be dis-
cussed with patients, and the benefits of therapy should
be clearly explained.

During treatment, regular patient monitoring is recom-

mended, including body weight, blood pressure, and rele-
vant laboratory parameters, along with lifestyle guidance
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to prevent undesirable metabolic changes [7]. Vitamin D
and calcium supplementation is recommended for pa-
tients receiving prednisone at 27.5 mg/day for more than
three months to prevent secondary osteoporosis. Indica-
tions for antiresorptive therapy are based on risk factors,
including bone mineral density measurements. When
GCs and nonsteroidal anti-inflammatory drugs (NSAIDs)
are used concurrently, co-administration with a proton
pump inhibitor (PPI), misoprostol (synthetic analogue of
prostaglandin E1), or a selective COX-2 inhibitor is rec-
ommended. Conventional NSAIDs combined with PPls
are less likely to cause dyspepsia than selective NSAIDs
alone[7].

Patients on corticosteroids for longer than 1 month, who
will undergo surgery, need perioperative management
with adequate GC replacement to overcome potential
adrenal insufficiency. For minor procedures, 100 mg of
hydrocortisone is recommended preoperatively. For ma-
jor surgery, supplementation should continue postopera-
tively with four doses given every 8 hours, followed by
a gradual taper over the subsequent days [7].

GC therapy poses no additional risks to the pregnant
woman or foetus, but it may increase the risk of preg-
nancy-related conditions such as hypertension, diabetes,
and osteoporosis. Dexamethasone may be used when
a glucocorticoid effect in foetal tissues is required, as it is
poorly metabolized by the placenta. Prednisone, prednis-
olone, or methylprednisolone are a preferred option in
pregnant women with exacerbations of chronic diseases,
since only about 10% of the administered dose reaches
the foetus. Prednisone and methylprednisolone are clas-
sified as FDA Category B, as there is no evidence of tera-
togenicity in humans. Exposure to GCs in utero does not
increase the risk of neonatal infection. Breastfeeding by
women on low-dose GC therapy is not contradicted, but
it should be avoided during the first 4 h after GC intake.
Children receiving GCs should be monitored for linear
growth and considered for growth-hormone replace-
ment if necessary. In rheumatology, disease-modifying
antirheumatic drugs (DMARDs) such as methotrexate,
azathioprine, and cyclosporine A are commonly used to
shorten GC therapy and reduce patient exposure to ad-
verse effects [7, 8].

Intra-articular corticosteroid injections may be consid-
ered for aseptic arthritis, although their local mechanism
of action remains unclear. Possible mechanisms include
reduced permeability of periarticular vessels and synovi-
al membrane blood flow, decreased synovial fluid volume
and synovial membrane size, increased pain threshold,
and lower joint temperature. Additionally, removing ex-
cess synovial fluid during arthrocentesis can be therapeu-
tic by eliminating leukocytes and crystals and improving
joint mobility. Indications include mono- or oligoarthritis
and cases where systemic therapy is ineffective or con-
traindicated. GCs can also be injected into other synovial
spaces, such as bursae and tendon sheaths [9].

Arthritis
In rheumatoid arthritis, GCs are used to rapidly control

symptoms before DMARDs start to take effect. As set
out in the 2022 EULAR recommendations, short-term
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GCs should be considered when initiating or changing
DMARDs. When starting GCs, it is important to plan
for a gradual tapering as soon as possible, aiming for
complete discontinuation, ideally within three months.
The need to continue GC therapy beyond four months
should be considered a sign of DMARD inefficacy and
prompt treatment modification [10].

The American College of Rheumatology (ACR) recom-
mends initiating RA therapy without routine GCs, both
short-term (<3 months) or long-term (=3 months), in
treatment-naive patients with moderate-to-high disease
activity. Short-term GCs are acceptable if symptom re-
lief is needed before DMARDs take effect. GC therapy
can only be continued if the maximum DMARD dose has
been already reached or DMARD type switch fails to pro-
duce satisfactory outcome [11]. A systematic review by
Bergstra et al., which evaluated a two-year follow-up of
high-dose GCs in combination with DMARDs in early RA,
found that clinical improvement and radiographic pro-
gression at moderate doses (<30 mg/day) were compara-
ble to those achieved with higher doses (60 mg/day) [12].
The Steroid Elimination in Rheumatoid Arthritis
(SEMIRA) study investigated the effects of GC discon-
tinuation in RA patients [12]. In patients with stable, low
disease activity receiving tocilizumab (a monoclonal an-
tibody targeting the IL-6 receptor, used in the treatment
of arthritis and other rheumatic diseases) prednisone
dose reduction was associated with an increase in Dis-
ease Activity Score 28 (DAS28) and a lower likelihood
of maintaining remission. No increase in disease activ-
ity was observed in patients who continued prednisone
at 5 mg/day [12].

In psoriatic arthritis (PsA), GCs can be used as initial
supportive therapy, either as local injections or sys-
temically at the lowest effective dose [13]. They are also
used as first-line treatment for limited disease (mono-
or oligoarthritis) and enthesitis. Systemic GCs should
not be used in axial PsA. The risk of psoriasis exacerba-
tion should be evaluated when systemic GCs are used.
In ankylosing spondylitis (AS), involvement may extend
beyond the axial skeleton to peripheral joints, tendon
attachments, and the uvea. The 2022 joint recommen-
dations of the Assessment of Spondyloarthritis Inter-
national Society (ASAS) and EULAR permit the use of
local GC injections into inflamed musculoskeletal sites,
despite limited clear scientific evidence [14]. Few stud-
ies confirm the benefits of GC injections into the sacro-
iliac joints (SIJ), particularly under ultrasound guidance,
which provides pain relief with a low risk of adverse
reactions [14]. The authors of the recommendations
advise against long-term systemic GC therapy solely
for axial disease, due to insufficient evidence of its ef-
ficacy. However, some data suggest that moderate ben-
efit may be achieved with short-term systemic therapy
at 50-60 mg/day, tapered over six months [14].

According to ACR recommendations, intra-articular GCs
are more effective than NSAID monotherapy in patients
with isolated sacroiliac arthritis. Systemic GCs are not
recommended for AS [15]. Local GCs are also recom-
mended for patients with controlled axial disease but
active inflammation in peripheral joints or entheses.
However, injections into the Achilles tendon, patellar
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ligament, and quadriceps tendon should generally be
avoided, as these structures are at high risk of rupture,
a potential complication of GC treatment [15].

GCs also play an important role in treating uveitis, which
often accompanies AS. In such cases, topical GCs are
used to control acute inflammation. Delaying treatment
increases the risk of a chronic, corticosteroid-resistant
disease. Prompt GC administration also reduces the risk
of posterior synechiae [15]. In the absence of poor prog-
nostic factors, such as prior visual impairment, ocular
hypotony, glaucoma, cataracts, macular oedema, or vit-
reous tortuosity, intensive topical treatment should be
initiated, administering 1% prednisolone acetate drops
every 1-2 hours. If, however, these factors are present,
systemic prednisone should be added at an initial dose of
1 mg/kg/day, gradually tapered, and limited to no more
than three months. Periocular injections of methylpred-
nisolone acetate or triamcinolone acetate may also be
used. If symptoms persist beyond three months or the
patient’s condition worsens, DMARDs should be added
to the local corticosteroid therapy [16].

GCs are also used for inflammatory bowel disease (IBD)
and its extraintestinal manifestations. Local injections
are preferred for the involvement of individual peripher-
al joints. However, the few available publications do not
specify doses. GCs are generally not effective for axial
arthritis and enthesitis in IBD [17].

Intra-articular GC injections should be considered for
oligoarticular reactive arthritis [18]. In more severe cases
with multiple joint involvement, short-term oral predni-
sone at 30-40 mg/day, whichis further gradually tapered,
may be used. Some symptoms of reactive arthropathies,
such as uveitis, may require topical GCs in the form of eye
drops[18]. According to EULAR recommendations, intra-
articular (lA) corticosteroid injections should be consid-
ered for early undifferentiated arthritis to control local
inflammation. Limited literature data prevent precise
determination of doses and systemic treatment strate-
gies. Nevertheless, systemic treatment is considered safe
when used at the lowest effective dose for the shortest
duration (up to six months) and can effectively relieve
symptoms and limit disease progression [19]. It is also
emphasized that GCs should always be used alongside
DMARDs, never as monotherapy, in patients with early
undifferentiated arthritis. This is particularly important
because GCs alone may mask disease activity, leading to
misdiagnosis, inadequate treatment, or a more challeng-
ing prognosis [19].

ACR recommendations for the treatment of juvenile idio-
pathic arthritis (JIA) base the approach on predominant
clinical symptomes. Eight disease subtypes have been dis-
tinguished according to these symptoms [20-22]:
oligoarthritis;

polyarthritis;

sacroiliitis;

enthesitis;

temporomandibular joint inflammation;

active systemic JIA with or without macrophage acti-
vation syndrome (MAS);

inactive systemic JIA with or without MAS;

uveitis.
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Due to the risk of impaired bone growth in children, GC
treatment should be given at the lowest effective dose,
for the shortest possible duration, and in combination
with DMARD [20, 21]. Treatment of active oligoarthri-
tis (involving < 4 joints, without systemic symptoms) in-
cludes, among others, intra-articular GC injections [20].
Systemic GCs are not recommended for initial therapy.
However, they may be used when intra-articular treat-
ment is not possible, symptoms are severe and need rap-
id relief, or when conventional DMARDs are ineffective.
IA corticosteroids may be used in polyarthritis to achieve
faster disease control, particularly when arthritis causes
patient’s dysfunction. However, frequent or multiple IA
injections can be burdensome for children. In such cases,
systemic therapy may be less likely to cause unpleasant
treatment-related experiences [21].

Oral corticosteroids may be used when starting DMARD
therapy or during flares. Treatment with intra-articular
GCs may be intensified in polyarthritis with low disease
activity (JADAS < 2.5) but exacerbation in at least one
joint that limits daily activities [21]. Oral corticosteroid
therapy is recommended for up to three months, either
at disease onset or during flares in JIA with active sac-
roiliac arthritis unresponsive to NSAIDs. This approach
may be useful when high disease activity is difficult to
control (severe symptoms, limited mobility). Injections
directly into the sacroiliac joints may also be considered,
although supporting research is limited [21].

For enthesitis unresponsive to NSAIDs and associated
with high, mobility-limiting disease activity, short-term
(<3 months) systemic GCs at the lowest effective dose
are recommended. IA glucocorticoids are used in addi-
tion to NSAIDs in JIA with temporomandibular joint in-
volvement. However, injections should be reserved for
the most severe cases due to the risk of complications,
heterotopic ossification and growth disturbances in par-
ticular. Routine oral GCs are not recommended, and if
necessary, the dose should be minimized [20].

In most cases, oral GCs should not be used as monother-
apy in patients with systemic JIA without MAS. Systemic
treatment may be considered when access to other ther-
apies, such as biological DMARDs, is limited, in the initial
stages of treatment or in cases of severe joint symptomes.
Corticosteroids are an important component of initial
therapy in JIA with MAS. The benefits of corticosteroids
outweigh the risks, even in infection-induced MAS. High-
dose systemic corticosteroids are warranted to control
severe symptoms, although no exact dosing has been
specified in the recommendations [20]. Regardless of
MAS, once JIA remission is achieved, gradual GC taper-
ing aiming at complete discontinuation is recommended,
as therisks of long-term use (even at low doses) outweigh
the risk of flare [20].

Prednisolone acetate 1% (1-2 drops daily) or an equiva-
lent corticosteroid is the first-line treatment for chronic
anterior uveitis (CAU). Prompt initiation is crucial to pre-
vent complications such as cataracts, glaucoma, elevated
intraocular pressure (IOP), infections, and vision loss. It is
essential to exclude other causes of elevated IOP or cata-
racts and to ensure regular, close ophthalmologic moni-
toring before initiating prednisolone monotherapy [22].
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If CAU flares despite systemic treatment, the dose of
1% prednisolone acetate should be added or increased
to a maximum of three drops daily. If topical treatment
is used alongside systemic therapy for more than three
months without improvement, the systemic strategy
should be modified, and the topical treatment gradually
tapered to discontinuation [22]. Acute anterior uveitis
(AAU) is associated with the HLA-B27 antigen and may
occur in children with enthesitis or psoriatic arthritis. In
these cases, topical GC drops are usually sufficient, with-
out modifying the primary JIA therapy [22].

Systemic connective tissue diseases

According to the 2023 update of EULAR recommenda-
tions for the management of systemic lupus erythemato-
sus (SLE), GCs should be used for flares and tapered as
quickly as possible, while still allowing for maintenance
therapy. Dosage depends on the type and severity of or-
gan involvement. The recommended maintenance dose
is up to 5 mg/day of prednisone equivalent [23]. Avail-
able data indicate it is relatively safe to use GCs at this
dose. Patients at cardiovascular risk, in whom doses of
5-10 mg/day carry an uncertain risk, while doses above
10 mg/day significantly increase the risk of adverse ef-
fects, are an exception [24].

The initial oral dose depends on disease activity. Moder-
ate to severe SLE may require intravenous methylpred-
nisolone pulses at 125-1000 mg/day for 1-3 days. Spe-
cific indications include severe active neuropsychiatric
involvement, lupus nephritis, and severe thrombocyto-
penia. Topical and systemic corticosteroids are a first-
line treatment for cutaneous lupus erythematosus (CLE),
and should be discontinued as soon as possible. Pharma-
cotherapy is discontinued once sustained remission is
achieved, which is more easily reached when DMARDs
are added [23].

The 2019 EULAR recommendations for antiphospholipid
syndrome (APS) limit corticosteroid use to catastrophic
or obstetric cases. Low-dose prednisolone may be used
in obstetric APS, particularly in the first trimester for
women experiencing recurrent pregnancy complications
despite first-line therapy [25].

GCs are also effective for haemolytic anaemia and severe
thrombocytopeniain APS patients. In such cases, intrave-
nous methylprednisolone at 250-1000 mg/day for three
days is recommended [26].

Polymyalgia rheumatica requires long-term GC therapy.
According to the 2015 EULAR recommendations, treat-
ment should last at least 12 months, starting with 12.5-
25 mg of prednisone equivalent per day. Single daily
dosing is preferred over divided doses except in cases
of prominent night pain when tapering below 5 mg daily.
Higher doses may be considered in patients at high risk
of relapse, while lower doses are advisable in cases with
comorbidities such as glaucoma, diabetes mellitus, or os-
teoporosis. Intramuscular methylprednisolone may be
considered when cumulative dose reduction is desired.
Dose tapering should be individualized, though the rec-
ommended regimen suggests reducing the oral dose to
10 mg daily within the first 4-8 weeks of therapy. In the
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event of a flare, the previous dose should be reinstated
and then tapered over 4-8 weeks to the relapse level.
Once remission is achieved, the prednisone dose should
be reduced by 1 mg every four weeks. For a 10/7.5 mg
every-other-day regimen, a 1.25 mg reduction is possi-
ble. Sustained remission allows for gradual tapering until
treatment discontinuation [27].

The efficacy of corticosteroids in primary Sjégren’s syn-
drome has not been confirmed due to the lack of ran-
domized clinical trials. The 2019 EULAR recommenda-
tions include corticosteroids as a treatment option for
active systemic Sjogren’s syndrome. In severe cases,
induction therapy includes methylprednisolone pulses,
followed by prednisone at doses <0.5 mg/kg/day. Doses
<0.5 mg/kg/day are used in mild to moderate cases.
GCs should be discontinued once remission is achieved. If
no remission is achieved, the dose should be maintained
at 5 mg/day or lower, or additional immunosuppressants
should be introduced. Detailed recommendations for
tapering GCs in these patients have not yet been estab-
lished. EULAR recommends GCs for patients with spe-
cific organ involvement in Sjogren’s syndrome, including:

B acute involvement of salivary glands, after excluding
infection and inefficacy of NSAIDs used for 3-5 days -
prednisone 0.3 mg/kg/day;

W arthritis involving > 5 joints or simultaneous exten-
sive, severe tenosynovitis if the EULAR Sjogren’s
Syndrome Disease Activity Index (ESSDAI) is moder-
ate or high - prednisone 0.5 mg/kg/day with hydroxy-
chloroquine (HCQ);

W arthritis in fewer joints or limited tenosynovitis,
moderate to high ESSDAI scores and no response to
NSAIDs or HCQ - GCs 0.5 mg/kg/day in combination
with hydroxychloroquine;

B cutaneousvasculitiswithmoderate ESSDAIlscores
and limited purpura - prednisone 0.3 mg/kg/day,
high ESSDAI score, and diffuse purpura - GCs
0.5-1 mg/kg/day;

B limited annular erythema - local GCs, diffuse annular
erythema - prednisone 0.3 mg/kg/day, in monothera-
py or in combination with HCQ;

W bronchial involvement resistant to inhaled treat-
ment with moderate ESSDAI score - prednisone
0.5 mg/kg/day;

B interstitial lung disease (ILD) with moderate ESSDAI
score - prednisone 0.5 mg/kg/day; the dose should be
increased to 0.5-1 mg/kg/day if there is no response
to treatment;

Bl LD with high ESSDAI score - prednisone from 0.5 to
1 mg/kg/day;

B glomerulonephritis or interstitial nephritis, after ex-
cluding SLE and the presence of anti-neutrophil cy-
toplasmic antibodies (ANCA), if the ESSDAI score is
low and despite correction of metabolic acidosis and
potassium levels, the symptoms have not subsided
and if the ESSDAI score is moderate - prednisone
0.5 mg/kg/day; 0.5-1 mg/kg/day in patents unre-
sponsive to treatment and with high ESSDAI score;

B peripheral neuropathy after exclusion of vasculitis
unrelated to cryoglobulinemia and axonal polyneu-
ropathy associated with vasculitis - prednisone 0.5-
1 mg/kg/day as first-line treatment;

B central nervous system vasculitis, neuromyelitis
optica, and lymphocytic meningitis unresponsive
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to symptomatic treatment or with cerebral involve-
ment - prednisone 0.5-1 mg/kg/day;

B neutropenia <500/mm? that does not respond to
granulocyte colony-stimulating factor (G-CSF) - GKS
0.5-1 mg/kg/day;

B platelets <20,000/mm? or haemoglobin 8-10 g/dL -
prednisone 0.5-1 mg/kg/day; no treatment response
or haemoglobin <8 g/dL requires the inclusion of in-
travenous immunoglobulins.

Corticosteroids are not recommended for pharmacologi-
cal stimulation in xerostomia. However, they may be used
for dry eye treatment, but only in combination with artifi-
cial tears and lubricating ointments. Treatment duration
should not exceed 2-4 weeks due to the risk of infection,
cataract, and increased IOP. Fluorinated GCs are recom-
mended for neonatal lupus (NL) with anti-Ro antibodies,
depending on the degree of congenital heart block [28].

Dermatomyositis, polymyositis, necrotizing autoimmune
myositis, and inclusion body myositis are considered
the major types of idiopathic inflammatory myopathies
(lIMs). According to the 2022 British Society for Rheu-
matology recommendations, high-dose GCs are ad-
vised as initial treatment for skeletal myositis, typically
0.5-1 mg/kg/day of oral prednisolone. Once clinical re-
sponse is achieved, the dose should be gradually tapered.
If a rapid therapeutic effect is needed, intravenous
methylprednisolone pulses may be considered [29].
According to some authors, the initial prednisone dose of
1-2 mg/kg/day should be maintained for 4 weeks, fol-
lowed by tapering to the lowest effective dose, with
treatment continued for 6-12 months [30]. Specific in-
dications for GC therapy include joint and skin involve-
ment, dysphagia, and chronic progressive interstitial lung
disease [29, 30].

The use of GCs in scleroderma (also known as systemic
sclerosis) remains controversial. According to the 2017
EULAR recommendations, they may be considered for
interstitial lung disease or skin and musculoskeletal mani-
festations, despite limited supporting evidence. However,
their use is associated with an increased risk of scleroder-
ma renal crisis, which requires careful consideration [31].

In eosinophilic fasciitis, GC therapy is initiated with pred-
nisone at 1 mg/kg/day, followed by gradual tapering.
Higher doses may be needed if clinical symptoms or eo-
sinophilia persist. In cases of inadequate response after
3 months of prednisone at 1.5 mg/kg/day, other immu-
nosuppressive or immunomodulatory agents should be
considered [32]. The optimal duration of treatment has
not been established; therapy typically lasts from several
months to several years. Observational data suggest that
patients who initiate treatment with methylprednisolone
pulses (0.5-1 g/day for three consecutive days) are more
likely to achieve full remission and less likely to require
additional immunosuppressive therapy [33].

The treatment of mixed connective tissue disease
(MCTD), including corticosteroids, involves managing
specific conditions that define its clinical picture. It should
be noted that no specific treatment guidelines for MCTD
have been established to date. GCs are used to manage
symptoms such as refractory synovitis, myositis, myo-
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carditis, pleurisy, aseptic meningitis, and oesophageal
involvement. They also play a role in the initial manage-
ment of thrombocytopenia and haemolytic anaemia [34].

According to the 2024 EULAR recommendations,
systemic idiopathic arthritis (sJIA) and adult-onset
Still's disease (AOSD) should be jointly referred to as
“Still's disease”. High-dose GCs (prednisone equivalent
>1 mg/kg/day) are indicated in cases of severe disease,
defined by symptoms such as high fever, VAS pain inten-
sity score >6-7/10, pericarditis, and extensive inflamma-
tion involving multiple joints. The risk of MAS, which may
present with elevated ferritin, triglycerides, and trans-
aminases, along with decreased fibrinogen and throm-
bocytopenia, is another indication. Treatment is initiated
intravenously and then continued orally, combined with
an IL-1 or IL-6 inhibitor.

Medium- or low-dose GCs (<0.1 mg/kg/day of predni-
sone), used either as monotherapy or in combination
with IL-1 or IL-6 inhibitors, represent one of the treat-
ment options for patients with lower disease activ-
ity. Dose tapering should be started as early as possible.
The recommended regimen assumes resolution of clini-
cal symptoms by month 3 of low-dose GC therapy, and
complete discontinuation by month 6.

In MAS, intravenous pulses of methylprednisolone are
recommended at doses of 15-30 mg/kg/day (maximum
1 g per infusion). In cases with CNS involvement, dexa-
methasone should be considered due to its superior abil-
ity to cross the blood-brain barrier (BBB). Nevertheless,
current recommendations strongly emphasize the early
initiation of IL-1 and IL-6 inhibitors, highlighting their role
in reducing or even eliminating the need for GCs [35].

The principles of GC therapy can vary significantly de-
pending on the disease entity and the goal of therapy,
which should be remission or low disease activity. This
is particularly important in cases that are refractory to
treatment or pose a threat to health or life. It should be
noted that the presented standards of practice do not
preclude the use of GCs in other regimens, tailored to the
individual patient’s needs.

The principles of GC treatment discussed above apply to
arthritis and collagenoses. The next part of the paper will
summarize the recommendations and expert opinions on
the use of GCs in vasculitis and other rheumatological
conditions.
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