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~20D ABSTRACT Cosr

Glucocorticoids represent a cornerstone in the treatment of inflammatory and autoimmune diseases due to their potent
anti-inflammatory and immunosuppressive effects. These steroid hormones, including endogenous cortisol and synthetic
analogs like prednisone and dexamethasone, exert their effects through genomic and non-genomic pathways, targeting
key inflammatory mediators. While genomic mechanisms regulate long-term gene expression, non-genomic pathways
enable rapid modulation of immune responses, particularly at high doses. Despite their therapeutic efficacy, glucocorticoid
use is often limited by significant adverse effects, including osteoporosis and metabolic disorders. Chronotherapy, which
aligns medication timing with circadian rhythms, enhances therapeutic outcomes while reducing side effects, particularly
in diseases like rheumatoid arthritis where inflammation peaks in the early morning. Emerging innovations, such as
selective glucocorticoid receptor agonists (SEGRAs) and liposomal drug delivery systems, offer targeted anti-inflammatory
effects with reduced systemic toxicity. These advancements highlight the potential for optimizing glucocorticoid therapy
to achieve maximum efficacy while mitigating adverse effects. This review underscores the importance of understanding
glucocorticoid mechanisms, administration methods, and novel therapeutic strategies to improve outcomes in inflammatory
and autoimmune diseases.

Keywords: glucocorticoid mechanisms, chronotherapy, glucocorticoid resistance.

Introduction and Terminology

Glucocorticoids are a pivotal class of steroid
hormones extensively utilized in managing
inflammation, immune responses, and various
metabolic processes [1,2]. Cortisol is the primary
endogenous glucocorticoid in humans, known
therapeutically as hydrocortisone. It is essential
for life, secreted in a circadian rhythm, with
physiological secretion ranging from 10-20 mg
per day [3]. Approximately 10% of circulating
cortisol is free, while the remainder is bound to
corticosteroid-binding globulin (transcortin) and
after CBG saturation, about 80% binds to albumin.
The level of free cortisol varies between 1-100
nanomole/L, depending on the diurnal rhythm [4].
Plasma cortisol concentrations typically measure

around 16 mcg/dL in the morning and 4 mcg/dL
in the evening, with a half-life of 60-90 minutes,
metabolized in the liver and excreted by the
kidneys [5]. Blood cortisol levels are influenced by
many factors besides the diurnal rhythm; in the
presence of estrogen, CBG concentrations increase,
potentially altering cortisol levels. Also, in cases of
very low serum albumin levels, it may be necessary
to reduce the steroid dose, although there is no
specific research in rheumatology regarding this
adjustment

Synthetic glucocorticoids have been structurally
modified to enhance their binding affinity to
glucocorticoid receptors (GRs) (Figure 1) [1,6]. Their
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Figure 1. Chemical structures of glucocorticoids based on duration of action, [10] Blue indicates differences, red
indicates similarities.
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potent anti-inflammatory and immunosuppressive
effects make them indispensable in treating a
wide range of conditions, including autoimmune
diseases like vasculitis [7]. Overall, they have been
used in 1% of general population, and more in
elderly as 3% [8].

Despite  their effectiveness, the use of
glucocorticoids in chronic rheumatic diseases,
particularly rheumatoid arthritis (RA), appears
to be decreasing. This decline is largely driven by
the advent of biologic therapies, which offer more
targeted immune modulation with fewer systemic
side effects. However, for certain autoimmune
conditionssuchassystemicvasculitis,systemiclupus
erythematosus (SLE), and polymyalgia rheumatica,
glucocorticoids remain indispensable, particularly
for achieving rapid immunosuppression in acute
settings. The clinical challenge lies in balancing the
need for inflammation control with the long-term
risks posed by glucocorticoid therapy. To maximize
therapeutic efficacy and minimize adverse effects,
a comprehensive understanding of their molecular
mechanisms, administration methods, and the role
of chronotherapy is essential [9].

Mechanisms of Action of Glucocorticoids

The effects of glucocorticoids are primarily
mediated through their interaction with the
glucocorticoid receptor (GR), a ligand-activated
transcription factor that regulates gene expression
[1,10].Endogenous glucocorticoids, such as cortisol,
can bind to both the glucocorticoid receptor
(encoded by NR3C1) and the mineralocorticoid
receptor (encoded by NR3C2). The glucocorticoid
receptor, found in most body cells, is responsible for
mediating both the anti-inflammatory effects and
the adverse effects of therapeutic glucocorticoids.
It contains structural domains for ligand binding,
nuclear localization, and DNA interaction. When
unbound, it resides in the cytoplasm but moves to
the nucleus upon activation by glucocorticoids. The
mineralocorticoid receptor, mainly expressed in
tissuesregulating saltand water balance, suchasthe
kidneys and sweat glands, binds to glucocorticoids
like cortisol but is protected from overactivation
by 11B-hydroxysteroid dehydrogenase type 2
(11BHSD2), which inactivates glucocorticoids in
these tissues. These effects are exerted through
both genomic and non-genomic pathways, each

contributing to the overall therapeutic profile of
these agents [11].

Genomic and Non-Genomic Pathways

1. Genomic Mechanisms: Glucocorticoids
exert their effects largely through genomic
mechanisms.  Upon entering the cell,
glucocorticoids bind to cytoplasmic GRs, which
then translocate to the nucleus. This complex
either activates or represses the transcription
of target genes, suppressing inflammatory
cytokines, chemokines, and enzymes integral to
inflammatory processes. These genomic actions,
taking several hours to manifest, underpin the
long-term effects of glucocorticoids [1].

2. Non-Genomic Mechanisms: In addition to their
genomic actions, glucocorticoids also exert
rapid effects through non-genomic pathways.
Non-genomic effects do not involve changes in
gene transcription. These include interactions
with membrane-bound receptors and cellular
components, leading to the swift modulation
of signaling pathways like MAPK and PI3K
[12]. These actions can occur within minutes,
providing immediate anti-inflammatory benefits.
Non-genomic effects are particularly prominent
at doses exceeding 100 mg/day of prednisone
or its equivalent. Methylprednisolone and
dexamethasone are especially responsive to
non-genomic pathways, which include:

- Direct Inhibition of Phospholipase A2: The GC-
GR complex directly inhibits phospholipase
A2, reducing arachidonic acid production
independently of transcription.

. Activation of Membrane-Bound  GRs:
Activation of membrane-bound GRs (mGRs)
reduces lymphocyte activity through the p38
MAP kinase pathway.

« Interaction with Cellular Membranes: GCs
interact with immune cell membranes via
chaperone proteins, leading to ATP production
inhibition and decreased cell activity.

Immune Response Modulation

Glucocorticoids exert a broad and potent
immunosuppressive effect by inhibiting the
expression of genes that regulate cytokine
production. This suppression affects both the
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pre-inflammatory and inflammatory phases of
immune response.Unbound receptors reside in the
cytoplasm, but after binding to glucocorticoids,
they are transported to the nucleus. In the nucleus,
the receptor binds to the promoter region of
cytokine genes, regulating their transcription
and inhibiting the activation of nuclear factor
kappa B (NF-kB) and AP1.These factors are crucial
in initiating the expression of cytokines and
other inflammatory mediators. By inhibiting the
activity of NF-kB and AP1, glucocorticoids reduce
inflammation at the molecular level, preventing the
escalation of immune responses. This mechanism is
pivotal in the treatment of autoimmune diseases
like vasculitis and rheumatoid arthritis, where
controlling inflammation is critical. Unlike some
other immunosuppressive agents, glucocorticoids
do not prevent T and B lymphocytes from
recognizing antigens. Instead, they inhibit T
lymphocyte differentiation and cytokine secretion
(e.g., interleukins and tumor necrosis factor-alpha),
thereby preventing the initiation of cellularimmune
responses [1,13].

The mineralocorticoid receptor (MR) is primarily
found in cells involved in salt and water regulation,
such as those in the distal tubule, salivary glands,
sweat glands, and colonic epithelium.

Glucocorticoids have a broad immunosuppressive
effectbyinhibiting cytokine production, particularly
affectingTand Blymphocyte function.This resultsin
the prevention of T-cell differentiation and cytokine
secretion (e.g., interleukins, TNF-a), thereby curbing
cellular immune responses without compromising
antigen recognition.

The action of glucocorticoids involves several
critical pathways:

1. Inhibition of T-Cell Differentiation and Cytokine
Secretion: Glucocorticoids prevent T cells from
differentiating and secreting cytokines such as
interleukin-1, -2, -3, -5, tumor necrosis factor-
alpha, and interferon-gamma, thereby inhibiting
the initiation of cellular immune responses.
This effect is achieved through the binding of
glucocorticoids to specific cytoplasmic receptors
in cells, which then translocate to the nucleus
to bind promoter regions of cytokine genes,
inhibiting transcription and the activation of
nuclear factor kappa B (NF-kB).

2. Inhibition of B-Cell Antibody Production and
Induction of Apoptosis: Glucocorticoids suppress
the ability of B cells to produce antibodies and
increase their apoptosis.

3. InhibitionofMacrophageandPolymorphonuclear
Leukocyte Function: The migration and
phagocytic abilities of macrophages, their
monocyte precursors, and polymorphonuclear
leukocytes are inhibited, and the lysosomal
stability of these cells is increased.

4. Reduction of  Circulating  Lymphocytes:
Glucocorticoids enhance the migration of
lymphocytes from the bloodstream to lymph
nodes and bone marrow, reducing circulating
lymphocyte levels, particularly in T cells, leading
to lymphopenia and the atrophy of lymphatic
tissue.

5. Inhibition of Complement System Activation:
Glucocorticoids also inhibit the activation of
the complement system, which contributes to
immunologic inflammatory responses.

Receptor Modulation and Resistance

The therapeutic efficacy of glucocorticoids can be
undermined by the development of glucocorticoid
resistance, a phenomenon driven by factors such as
GR down-regulation, the presence of less active GR
isoforms, and the inhibitory interactions between
GRs and other transcription factors. Addressing
these mechanisms is crucial for optimizing
glucocorticoid therapy in resistant cases [1,14].

Glucocorticoid resistance, particularly in chronic
inflammatory diseases, may result also from the
upregulation of the GR[B isoform, or disease-
induced chromatin changes that restrict receptor
binding to gene promoters. GRB functions as a
dominant-negative inhibitor, preventing the
classic GRa isoform from effectively binding to DNA
and exerting its anti-inflammatory effects. Unlike
GRa, which mediates most of the therapeutic
actions of glucocorticoids, GRB does not bind
glucocorticoids and can heterodimerize with
GRa, disrupting its ability to regulate inflammatory
gene transcription. Studies have shown that
upregulation of GRB in response to chronic
inflammation may lead to reduced glucocorticoid
sensitivity, further complicating treatment efforts
in diseases like vasculitis.
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Administration Methods of Glucocorticoids

In clinical practice, glucocorticoids are employed
as first-line agents at high doses to achieve
rapid  immunosuppression,  particularly  in
conditions requiring urgent control of underlying
immunologic and inflammatory processes [9]. The
administration route and dosage of glucocorticoids
are tailored to the nature of the disease, the organ
system involved, and the severity of the condition
[15]. Glucocorticoids exert their effects through
both genomic and non-genomic mechanisms,
with the dose being the determinant of which
mechanism predominates. Doses between 40
mg and 100 mg increase the likelihood of side
effects without significantly enhancing anti-
inflammatory effects. Doses of 100 mg and above
primarily affect inflammatory cells through non-
genomic pathways, which forms the basis for new
glucocorticoid dosing regimens.

Oral Administration

Commonly used for chronic conditions, oral
glucocorticoidslike prednisoneanddexamethasone
offer systemic absorption and convenience. Their
effects are subject to pharmacokinetic factors,
including bioavailability and half-life, making them
suitable for long-term therapy.Orally administered
synthetic steroids are rapidly absorbed, with most
having a plasma half-life (t/2) of 1-3 hours. The
maximum biological effect is observed 2-8 hours
post-administration, necessitating 2-3 doses
per day in certain indications. These steroids are
primarily metabolized in the liver, with a small
portion excreted unchanged in the urine. Special
caution is advised in patients with concurrent
liver or kidney diseases, as these conditions may
affect the drug’s metabolism and excretion. Oral
administration is commonly used for chronic
conditions requiring long-term therapy [2].

Intravenous and Intramuscular Injection

For rapid systemic effects, as required in acute
exacerbations of autoimmune diseases, intravenous
or intramuscular glucocorticoids are preferred.
These methods ensure swift bioavailability, critical
in emergency settings [3].

Topical and Inhaled Administration

Targeted local therapy for conditions like asthma or
dermatological issues minimizes systemic exposure
and associated side effects. Inhaled and topical
glucocorticoids are integral to managing localized
inflammatory processes [4].

Dosing

In  the context of immunosuppression,
glucocorticoids like prednisone, prednisolone,
and methylprednisolone are used at equivalent
doses. For instance, 5 mg of prednisolone is
equivalent in glucocorticoid effect to 4 mg of
methylprednisolone, 6 mg of deflazacort, and 0.75
mg of dexamethasone (Table 1).

Glucocorticoid dosing can be categorized into
several ranges based on their effects [15]:

« Low Dose (< 7.5 mg/day): Achieves
approximately 50% saturation of cGRs.

« Medium Dose (7.5-30 mg/day): Saturation of
cGRs ranges from 50% to 100%.

- High Dose (30-100 mg/day): Results in full
saturation of cGRs, with transactivation
becoming the dominant effect, often leading
to side effects without significant additional
anti-inflammatory benefits.

« Very High Dose (>100 mg/day): Activates non-
genomic pathways predominantly.

« Pulse Therapy (=250 mg/day): Administered
for one or several days in acute situations.

Chronotherapy and Glucocorticoids

Chronotherapy refers to the timing of medication
administration to align with the body’s natural
biological rhythms, which can enhance therapeutic
outcomes and reduce side effects [16].

1. Circadian Rhythms: In rheumatoid arthritis,
inflammation peaks during the night and early
morning. Administering glucocorticoids to
coincide with this peak, such as with night-time-
release formulations, can better control nocturnal
inflammation and alleviate morning symptoms.
This approach maximizes therapeutic outcomes
while minimizing the risk of side effects [17].
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Table 1. Comparison of glucocorticoids: Duration, mineralocorticoid activity, and equivalent dosing

Endogenous (Synthetic) | Duration of Action lll‘/lci?is:';:ocorticoid ED(ll:ievaIent Anti-inflammatory
Cortisol (Hydrocortisone) |Endogenous Short Yes 20 mg
Prednisolone Synthetic Short Yes 5mg
Methylprednisolone Synthetic Short No 4mg
Triamcinolone Synthetic Intermediate No 4mg
Dexamethasone Synthetic Long No 0.75 mg
Betamethasone Synthetic Long No 0.6 mg

2. Cost-Effectiveness and Clinical Benefits: While
chronotherapy may incur higher costs due to
modified-release formulations, it proves cost-
effective by improving symptom control and
patient quality of life in cases where standard
treatments fall short [18].

Chronotherapy,  which involves  aligning
medication administration with the body’s
biological rhythms, holds significant promise in
the management of vasculitis. In this context,
timed-release glucocorticoid formulations such
as Rayos® (delayed-release prednisone) offer an
innovative approach. These formulations are
designed to release glucocorticoids during the
early morning hours when inflammation peaks in
many autoimmune diseases, including vasculitis.
By synchronizing drug release with the circadian
rise in inflammatory cytokines, timed-release
glucocorticoids can more effectively suppress
constitutional symptoms, which are common
in patients with vasculitis. This strategy not only
enhances therapeutic efficacy but also helps to
minimize adverse effects by reducing the overall
dose needed to control symptoms. Early studies in
rheumatoid arthritis have demonstrated improved
symptom control and patient quality of life,
suggesting that similar benefits may be achievable
in vasculitis management. Different Glucocorticoid
formulations are detailed at Table 2.

Despite their efficacy, glucocorticoids can
induce a range of side effects, primarily due
to their mineralocorticoid activity, which can
lead to complications such as hypertension.
To mitigate these effects, synthetic derivatives
of cortisone have been chemically modified
to reduce mineralocorticoid activity while
enhancing glucocorticoid effects [7]. For example,
fludrocortisone is a derivative with predominant
mineralocorticoid propertiesandis notused foranti-
inflammatory purposes, whereas dexamethasone

and betamethasone have minimal clinically
significant mineralocorticoid activity [19,20].

The placental transferofglucocorticoidsdependson
the dosage, the lipophilicity of the compound, and
the gestational age of the fetus. Dexamethasone,
a lipophilic steroid, crosses the placenta, whereas
prednisone  and  methylprednisolone  are
metabolized by the placenta, resulting in negligible
fetal plasma levels when used at doses of <20
mg/day. Therefore, dexamethasone is preferred
when fetal effects are desired, while prednisone
derivatives (up to 20 mg) are used for maternal
effects [21].

Side Effects and Management

The long-term use of high-dose glucocorticoids
is associated with significant adverse effects,
including metabolic effects such as weight gain,
hyperglycemia, and increased risk of diabetes.
In patients with rheumatoid arthritis, the risk
of developing diabetes mellitus doubles with
prednisolone doses of 7.5 mg or higher. This effect
is primarily due to altered glucose metabolism,
including decreased insulin sensitivity and
increased hepatic gluconeogenesis. They can
also lead to fluid retention, hypertension, and
dyslipidemia.

Bone health may be compromised, leading to
osteoporosis and an elevated risk of fractures.
Glucocorticoids not only impair bone formation by
reducing osteoblast proliferation and increasing
osteoclast activity but also induce muscle wasting
via the suppression of anabolic signaling pathway,
shifting the balance between receptor activator of
NF-kB ligand (RANKL) and osteoprotegerin (OPG) in
favor of osteoclast activation. Glucocorticoids not
only impair bone formation by reducing osteoblast
proliferation and increasing osteoclast activity but
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Table 2. Overview of glucocorticoid medications: Dosage, availability, and indications according to Food Drug
Administration as of February 2023

Drug Manufacturer |Dosage Availability
Prednisone delayed- |Horizon Adults and Children: Tablet: 1 mg, 2 mg, and 5 mg
release (Rayos®) Initial dose: 5 mg administered once daily

Maintenance dose: Use the lowest dosage that will

maintain clinical response depending on specific

condition treated

Swallow tablet whole
Prednisone Roxane Adults and Children: Oral solution: 5 mg/mL
(Prednisone 5mg to 60 mg per day, depending on specific (contains 30% alcohol)
Intensol™) condition treated
Budesonide Generic Treatment of mild to moderate active Crohn’s Enteric-coated capsule: 3 mg

disease:

Adults: 9 mg once daily in the morning for up to

8 weeks; repeated 8-week courses for recurring

episodes

Children (8-17 years, >25 kg):

9 mg once daily for up to 8 weeks, followed by 6 mg

once daily for 2 weeks
Budesonide Ferring Maintenance of clinical remission of mild to Extended-release capsule: 6
(Ortikos™) moderate Crohn’s disease: mg, 9 mg

Adults: 6 mg once daily for up to 3 months; taper

after 3 months if effective
Budesonide Generic, Salix Induction of remission in adults with active, mild | Extended-release capsule: 9

extended-release
(Uceris®)

Budesonide delayed-
release (Tarpeyo™)

Cortisone

Deflazacort
(Emflaza®)

Dexamethasone
(Dex™)

Calliditas

Chartwell

PTC

Generic, Roxane,
Levin, Plight,
Xspire, Scite

to moderate ulcerative colitis:

9 mg orally once daily for up to 8 weeks
Reduction of proteinuria in adults with primary
IgA nephropathy (IgAN) at risk of rapid
progression:

Adults: 16 mg once daily for 9 months, reduce to 8
mg daily for >2 weeks when discontinuing

Adults and Children:

25-300 mg per day or on alternate days depending
on specific condition treated

Treatment of Duchenne muscular dystrophy
(DMD):

Patients 2 years of age and older: 0.9 mg/kg/day;
discontinue gradually if administered for more than
a few days

Tablets may be crushed and mixed with applesauce;
consume immediately

The oral suspension should be mixed with 3-4
ounces of juice (except grapefruit juice) or milk,
administer immediately

Unused drug should be discarded 1 month after
opening the container

Adults: 0.75 mg to 9 mg per day in 2-4 divided doses
depending on condition treated

Children: 0.03 to 0.3 mg/kg per day, in 2-4 divided
doses

mg

Delayed-release capsule: 4 mg

Tablet: 25 mg

Tablet: 6 mg, 18 mg, 30 mg, 36
mg - Oral suspension: 22.75
mg/mL

Tablets: 0.5 mg, 0.75 mg, 1
mg, 1.5 mg, 2 mg, 4 mg, 6 mg

Oral solution: 0.5 mg/5 mL

Intensol oral solution: 1 mg/
mL

Various dose packs (Dex™,
Taperdex™) available
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Hydrocortisone Generic, Pfizer

(Cortef®)

treatment regimen as used in combination with
other anti-myeloma agents

Adults: 20-240 mg per day, in 2-4 divided doses
depending on condition treated

Children: 2-8 mg/kg per day in 3-4 divided doses

Drug Manufacturer | Dosage Availability
Dexamethasone Acrotech Treatment of multiple myeloma: Tablet: 20 mg
(Hemady®) Adults: 20 mg or 40 mg once daily, depending on

Tablet: 5 mg, 10 mg, 20 mg

also induce muscle wasting via the suppression
of anabolic signaling pathways, such as PI3K-AKT-
mTOR, while promoting autophagy and proteolysis.
This shift leads to increased bone resorption, further
exacerbating glucocorticoid-induced osteoporosis.
Long-term GC therapy lasting more than 3 months
increases the risk of vertebral fractures by 30%.
Muscle weakness, thinning skin, and easy bruising
are also common. Furthermore, glucocorticoids
increase the risk of infections. Psychiatric effects like
mood swings, insomnia, and even psychosis may
occur in some patients. Other side effects include
adrenal suppression, cataracts, and glaucoma with
prolonged usage. Effective management strategies
involve close monitoring, dose adjustments,
and the implementation of preventive measures
such as osteoporosis prophylaxis and the use of
antacids and vaccines [10,22]. For bone health,
bisphosphonates and denosumab can be used to
mitigate the risk. However, there are no specific
medications available to prevent other side effects
such as skin thinning, obesity, or the increased risk
of diabetes [10].

Future Directions in Glucocorticoid Therapy

Emerging strategies in glucocorticoid therapy
focus on improving drug delivery to minimize
off-target effects. Liposomal and nanoparticle-
based delivery systems are being developed to
enhance tissue specificity, allowing for higher
concentrations of glucocorticoids at inflamed sites
while reducing systemic exposure. For instance,
liposomal encapsulation of glucocorticoids has
shown promise in mouse models of arthritis, where
the targeted delivery to inflamed joints significantly
reduced symptoms with minimal impact on
surrounding tissues. This innovation offers hope for
mitigating the well-known side effects of systemic

glucocorticoidtherapy,suchasbonelossand muscle
wasting, by refining their pharmacokinetics and
delivery. Selective glucocorticoid receptor agonists
(SEGRAs) are a novel class of glucocorticoid-like
drugs that aim to dissociate the therapeutic anti-
inflammatory effects from the adverse metabolic
effects of glucocorticoid treatment. By specifically
targeting the transrepression function of the
glucocorticoid receptor, SEGRAs hold the potential
to suppress pro-inflammatory pathways, such as
NF-kB and AP-1 signaling, without triggering the
transactivation mechanisms responsible for side
effects like osteoporosis and hyperglycemia. Early
clinical trials of SEGRAs, such as fosdagrocorat,
have shown encouraging results in reducing
inflammation with fewer side effects, offering
a promising future direction for glucocorticoid
therapy.

Conclusion

A deep understanding of glucocorticoid
mechanisms, appropriate administration, and
the application of chronotherapy is vital for
optimizing treatment outcomes in inflammatory
and autoimmune diseases. Tailoring glucocorticoid
therapy to individual patient needs, aligning
with biological rhythms, and choosing the most
appropriate administration routes allows for
maximal therapeutic benefit while minimizing
adverse effects.
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~20D ABSTRACT Cosr

Systemic vasculitis is an autoimmune disorder characterized by inflammation and damage to blood vessels, often involving
multiple organ systems. Glucocorticoids (GCs) are a cornerstone in managing vasculitis and other rheumatologic conditions
due to their potent anti-inflammatory properties, but their use is associated with significant systemic side effects. This review
evaluates the cardiovascular (CV) risks associated with glucocorticoid use, focusing on hypertension and atherosclerosis, and
highlights strategies for minimizing these risks while managing systemic inflammation in vasculitis patients. Glucocorticoids,
despite their efficacy in disease management, contribute to CV complications in a dose- and duration-dependent manner.
Hypertension arises through mechanisms such as nitric oxide suppression, renin-angiotensin-aldosterone system activation,
and vascular effects. Atherosclerosis is accelerated by endothelial dysfunction, oxidative stress, and inflammation, increasing
risks for coronary artery disease and acute CV events. Daily doses exceeding 5 mg of prednisolone are linked to a marked
rise in CV risks, even with short-term use. Moreover, systemic inflammation from vasculitis compounds these risks, making
it challenging to disentangle GC side effects from the underlying disease pathology. Glucocorticoid therapy requires careful
management, prioritizing the lowest effective dose and shortest duration possible. Routine CV risk assessments, blood
pressure monitoring, and targeted interventions such as lifestyle modifications and pharmacologic therapies are crucial for
mitigating adverse outcomes. Future studies should aim to define “safe” GC thresholds and refine treatment protocols to
balance efficacy and safety in vasculitis management.

Keywords: atherosclerosis, cardiovascular risk, glucocorticoids, hypertension, systemic vasculitis, rheumatology.

Introduction

Systemic vasculitis is an autoimmune disorder
that damages blood vessels of various sizes,
affecting one or multiple organ systems [1]. These
conditions can be categorized by vessel size and
may arise as primary pathologies or secondary to
connective tissue disorders or drug effects. Chronic
inflammation from these disordersis also associated
with myocardial ischemia and fibrosis and higher
incidences of pericarditis and cardiomyopathies,
which impair cardiac function and contribute to
heart failure [2].

Glucocorticoids regulate physiological processes
as critical modulators in energy metabolism, blood
pressure (BP) regulation, mood, memory, and
stress responses [3]. They are produced in the zona
fasciculate of the adrenal cortex and released into
the bloodstream. After their release, they trigger
circadian and pulsatile effects throughout the body.
Their secretion is regulated by adrenocorticotropic
hormone (ACTH) through the hypothalamic-
pituitary-adrenal (HPA) axis [4].
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The physiological effects of endogenous
glucocorticoids are well-documented. In 1929,
Philip Hench and colleagues discovered their anti-
inflammatory properties [5]. Since then, exogenous
steroids have been utilized in both endocrine and
non-endocrine conditions [6]. Although they are
used diagnostically for conditions like Cushing’s
disease and adrenal insufficiency, their anti-
inflammatory properties are also applied in treating
non-endocrine disorders such as asthma, chronic
obstructive pulmonary disease (COPD), and chronic
inflammatory bowel disease [7]. Due to their
potent anti-inflammatory and immunosuppressive
properties, glucocorticoids have become a mainstay
in treating many rheumatologic conditions, such as
vasculitis and rheumatoid arthritis [8].

The use of exogenous glucocorticoids entered
therapeutic protocols in the late 1940s. Their
potent effects and inadequate alternatives in
treating rheumatologic diseases have resulted in
widespread use. Their impact on disease control
during acute flare-ups of vasculitis cannot be
underestimated [9]. New-generation agents,
while promising, have yet to demonstrate the
same efficacy as glucocorticoids during acute
exacerbations.Because of their systemicside effects,
American and European Rheumatology societies
advise using glucocorticoids as first-line therapy or
as a bridging treatment until the effects of disease-
modifying antirheumatic drugs (DMARDs) or
biological agents become evident [10]. If used, they
should be given at the lowest effective dose until
other therapies become effective. Subsequently, a
tapering regimen is recommended to discontinue
GC therapy [11]. Despite these recommendations,
a study conducted between 2006 and 2019
discovered that glucocorticoids were part of the
initial treatment for 37.7% of patients diagnosed
with from 0.5% to 1.8%, with the frequency of use
increasing notably with age [12]. Glucocorticoids
remain among the top 10 most prescribed
medications in the United Kingdom [13,14].

Although  glucocorticoids  offer  significant
therapeutic benefits, they carry many side effects
affecting multiple organ systems. Chronic use
can lead to conditions such as osteoporosis,
dysglycemia, cerebrovascular events, and infections
[15,16]. Glucocorticoids are also known to increase
CVDrrisk, particularly by precipitating hypertension,
hyperlipidemia, and diabetes mellitus [17].

In earlier periods, it was believed that non-systemic
applications might limit side effects. However,
research has demonstrated that glucocorticoids
produce similar systemic side effects regardless
of the route of administration [16,18]. Aside
from intravenous use, side effects are most
commonly observed with oral and intra-articular
administration [19]. Given the current therapeutic
landscape, it is unlikely that glucocorticoids will be
completely phased out from treating vasculitis and
other rheumatologic disorders. Therefore, clinicians
must be aware of the potential side effects,
especially CV morbidity and mortality, to ensure
early detection and primary prevention.

The CV risks and benefits associated with
glucocorticoid use remain controversial, and the
question of whether there is a safe and effective
dose or duration of glucocorticoid therapy is still
debated. It is generally believed that the risk of
CVD may be minimized with low doses and short
durations of use. However, some research indicates
that even a single dose or short-term treatment
(66-72 hours) can have systemic side effects. For
instance, the use of 20 mg for four days may induce
hypertension [17].

Glucocorticoids have been associated with an
increased risk of all-cause-of mortality. Most studies
have indicated that a dose of 5 mg of prednisolone
or its equivalents is considered a safe dose [20]. In
a study involving glucocorticoid naive RA patients,
the risk of CV events associated with chronic
glucocorticoid use was evaluated based on daily
dose, cumulative dose, and treatment duration
of six months to one year. After adjusting for
traditional CVD risk factors and disease duration, it
was shown that prednisolone use at a daily dose of
less than 5 mg, a cumulative dose of less than 750
mg over six months, and less than 1100 mg over
one year did not increase CVD risk [20]. However,
doses exceeding 5 mg per day and short-term
cumulative doses exceeding these thresholds were
associated with an increased risk of CVD. The group
that developed CV events tended to have higher
mean ages, more traditional risk factors, higher
disease activity, longer disease durations, and were
less likely to use DMARDs. A meta-analysis found
that RA patients have a 50% increased risk of CV
events [21].

Glucocorticoids may increase the risk of CV events
by promoting two critical CV risk factors: HT and
atherosclerosis.
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Hypertension

Glucocorticoid-induced  hypertension  gained
attention due to its high prevalence (25-93%) as
a comorbidity in Cushing’s syndrome patients
[22]. Following the recognition of hypertension
in patients with endogenous steroid excess, the
effects of exogenous steroid use on BP have been
studied [23]. Both endogenous and exogenous
excess glucocorticoids have been shown to
cause hypertension. Studies have identified
daily glucocorticoid dose and family history of
essential hypertension as significant risk factors for
glucocorticoid-induced hypertension.

Initially, it was thought that the hypertensive
effects of glucocorticoids were primarily due
to their mineralocorticoid activity [24]. While
mineralocorticoid receptor activation plays a role in
hypertension development, itis not the sole oreven
primary factor, as synthetic glucocorticoids exhibit
minimal mineralocorticoid effects. Furthermore,
research in human and animal models has shown
that spironolactone cannot prevent glucocorticoid-
induced hypertension [25]. Sodium reabsorption
at the renal level is not an essential mechanism in
glucocorticoid-induced hypertension either [26].
No significant increase in sympathetic activity has
been observed. Over time, it has become clear that
glucocorticoid-induced hypertension is a complex
condition involving multiple systems.

Glucocorticoids contribute to hypertension by
affecting nitric oxide (NO) release in the central
nervous system, activating the renin-angiotensin-
aldosterone system (RAAS), and promoting
cardiac hypercontractility while increasing sodium
reabsorption in the kidneys [23]. They also promote
hypertension through mechanisms that potentiate
their systemic effects on the liverand adipose tissue.
Glucocorticoid receptors are known to be present
in both vascular smooth muscle and endothelial
cells [27]. Although glucocorticoids do not alter
plasma arginine vasopressin levels, their impact on
vascular smooth muscle increases angiotensin I
V1a receptor expression and enhances sodium and
calcium influx into cells [28]. In vitro studies have
also shown that glucocorticoids reduce vascular
reactivity and inhibit the synthesis of prostacyclin
and nitric oxide, leading to vasoconstriction and,
ultimately, hypertension.

In Addison’s disease, the hypertensive response
to glucocorticoid therapy occurs too rapidly to be
explained by renal mechanisms alone, highlighting
therole of the vascular bedin the acute regulation of
BP [29]. This suggests that glucocorticoid-induced
hypertension may develop via direct effects on
vascular smooth muscle even during short-term
use [30]. In general, acute glucocorticoid-induced
hypertension is mediated through vascular
mechanisms, while chronic hypertension develops
through renal mechanisms. In addition, secondary
hypertension resulting from glucocorticoid use
tends to elevate systolic BP more than diastolic
BP. After oral glucocorticoid administration, BP
increases within 24 hours and peaks within the first
few days [31]. Glucocorticoids disrupt circadian
rhythms, resulting in inadequate nocturnal BP
reduction [32]. This condition leads to non-dipping
hypertension.

In the general population, an increase of 20 mmHg
in systolic BP and 10 mmHg in diastolic BP doubles
the risk of cardiovascular disease and ischemic
heart disease mortality [33]. Vasculitis patients
often receive glucocorticoid therapy for at least
three months following disease flare-ups, with
the cumulative dose increasing with prolonged
use. In one study, hypertension developed in 9%
of patients after three months of glucocorticoid
therapy [34]. Among patients receiving high
doses, the incidence of hypertension reached 30%,
and among those over 65 years old, the rate was
37% [35] . Although daily doses under 7.5 mg are
considered relatively safe, the risk of hypertension
increases with both daily and cumulative doses
[36]. A retrospective cohort study involving
71,642 patients confirmed that the incidence of
hypertension rises with increasing cumulative
glucocorticoid exposure. Patients were stratified
into low, medium, and high cumulative dose
groups, with hypertension incidence rates of 14%,
20%, and 30%, respectively [31].

In RA patients without a prior diagnosis of
hypertension, glucocorticoid use was associated
with a 17% increase in the risk of developing
hypertension [36]. Additionally, 40% of patients
who developed secondary hypertension from
glucocorticoid use did not receive antihypertensive
therapy, leaving them untreated for one of the
most modifiable CVD risk factors. Furthermore,
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30% of patients did not take BP measurements
during follow-up visits within two years of initiating
glucocorticoid therapy [36].

Regular BP monitoring should be performed
during follow-up visits, and patients should be
encouraged to monitor their BP. Most patients
under GC treatment develop Grade-1 or Grade-2
hypertension. Before establishing a treatment
protocol, scoring patients based on their CVD
risk using their BP measurements and identifying
their position on the risk scale is crucial [37]. The
most critical step in treatment is to discontinue
glucocorticoids or administer the lowest effective
dose. Lifestyle changes, including dietary
modifications, increased physical activity, smoking
cessation,and weightloss, should be recommended
to patients. Medical intervention, in addition
to lifestyle modifications, is vital for preventing
hypertensive organ damage and for the ongoing
management of vasculitis. Medical treatment aims
to reduce BP to below 130/80 mmHg [38]. From a
pharmacological standpoint, due to the increased
activation of the RAAS, angiotensin-converting
enzyme inhibitors (ACEi), angiotensin receptor
blockers (ARBs), and nitric oxide (NO) donors
such as L-arginine may be considered as first-line
treatment options. Mineralocorticoid receptor
antagonists (MRAs) and diuretics can be the next
option. Contrary to their anticipated outcomes,
calcium channel blockers (CCBs) and beta blockers
are generally found to be ineffective in managing
glucocorticoid-induced hypertension. Additionally,
clinicians should consider using beta-blockers and
thiazide diuretics, with careful attention to their
potential adverse effects on glucose metabolism. It
is also essential to monitor for hypokalemia, which
can occur as a side effect of thiazide diuretics.

Atherosclerosis and Coronary Heart Disease

Atherosclerosis is a chronic, progressive
inflammatory condition characterized by arterial
narrowing, primarily due to vascular remodeling
and the buildup of atherosclerotic plaques [39].
In patients with Cushing’s syndrome, conditions
indicating the presence of atherosclerosis, such as
elevated levels of low-density lipoprotein (LDL),
increased carotid intima-media thickness (IMT) and
reduced carotidarterylumendiameter,areobserved
compared to individuals without the syndrome,

independent of traditional cardiovascular risk
factors such as smoking, body mass index (BMI),
and hypertension [40]. Experimental studies using
animal models further support these findings,
demonstrating the pivotal role of glucocorticoids
in the progression of atherosclerosis. In patients
with prolonged glucocorticoid use (> five years),
carotid plaques and peripheral artery disease are
more prevalent compared to those with short-term
use [41].

Glucocorticoids affect vascular function by
modulating both vasoconstriction and vasodilation
pathways. Elevated levels of endothelin-1 (ET-
1), a potent vasoconstrictor, have been linked to
atherosclerosis and contribute toincreased vascular
constriction [42]. Additionally, the overactivation
of the RAAS, mainly through Angll, exacerbates
vasoconstriction and endothelial injury. Regarding
vasodilation, glucocorticoids inhibit the production
of critical vasodilators such as nitric oxide (NO) and
prostacyclin [43,44]. Chronic glucocorticoid use
has been associated with increased production of
reactive oxygen species (ROS), which decreases
NO bioavailability and further damages the
vascular endothelium. The other cause of
endothelial dysfunction is impaired endothelial
progenitor cell (EPC) regulation. In individuals
using glucocorticoids, there is a reduction in
circulating EPCs. Consequently, endothelial-related
vasodilation decreases, and the mechanisms
for endothelial repair become compromised. In
damaged endothelium, the balance between
thrombotic and antithrombotic factors is disrupted
[44]. The balance between NO, thromboxane A2,
and prostacyclin is altered, von Willebrand factor
levels increase, fibrinolysis mechanisms decrease,
and platelet aggregation is accelerated [45]. As a
result, atherosclerosis is accelerated, and the risk of
acute coronary events increases.

The ESC Prevention 2022 guidelines emphasize
that patients with elevated systemic inflammation
may face an increased risk of CV events [37].
Higher inflammatory burdens have been strongly
associated with increased CV event risk, and
C-reactive protein (CRP) is recognized as an essential
indicator of this risk. However, most glucocorticoid
studies have not adjusted their outcomes for
disease activity or CRP levels. In rheumatologic
diseases, key inflammatory molecules such as
TNF-alpha and IL-6 play a significant role in
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chronic inflammation and vascular damage [46].
Glucocorticoids suppress both these molecules,
inhibiting  the  pro-inflammatory  cascade.
Nonetheless, glucocorticoids’ metabolic effects
may also contribute to CVD risk by promoting
atherosclerosis.

In a cohort study involving 70,000 individuals,
glucocorticoid doses exceeding 7.5 mg/day were
associated with a 2- to 4-fold increase in adverse
cardiovascular outcomes [47]. Notably, the risks of
coronary heart disease (CHD) and heart failure (HF)
were found to be greater than those of stroke (SVO).
Due to their widespread use in treatment, ongoing
research is into a“safe” daily dose of glucocorticoids.
While some studies suggest that doses under 5 mg/
day do not increase CVD mortality, others indicate
that even with a daily dose of 5 mg, the CVD risk
doubles. Furthermore, at 25 mg/day, the risk
increases sixfold. This suggests that patients using
glucocorticoids to manage inflammatory burden in
rheumatic diseases remain in a high-risk category
for CVD [171.

The cardiovascular risks associated  with
glucocorticoid use are comparable to those seen in
patients with diabetes or diagnosed cardiovascular
disease. Although glucocorticoid use in patients
with inflammatory conditions is not explicitly
included in CVD risk scoring, recent prevention
guidelines for cardiovascular disease stress the
importance of accounting for these factors.

Assessment of patients’ risk profiles for coronary
heart disease (CHD) is recommended. Although
a constant multiplier has not been established
for vasculitis patients, it is suggested that the risk
determined by the SCORE-2 CVD risk calculator
be multiplied by a factor of 1.5 for patients with
RA [37]. This situation underlines the increased
risk of CVD in systemic inflammatory processes.
For secondary prevention, guidelines recommend
administering low-dose colchicine (0.5 mg daily)
to patients with uncontrolled risk factors despite
other interventions. Additionally, research into IL-6
inhibitors and suppressing systemic inflammation
in CHD patients is ongoing.

The necessity for coronary artery stenting should
be thoroughly evaluated, as the metallic shafts of
stents can provokeaforeign bodyreactioninalready

dysfunctional endothelium, potentially causing
local plaque destabilization and accelerating
atherosclerosis [48]. Many patients display ectatic
coronary arteries due to chronic inflammation,
which are more prone to frailty and have a higher
risk of complications [49]. Antithrombotic therapy
should be optimized, and the dosage of statin
treatment should be adjusted to achieve the targets
recommended by guidelines.

Take Home Messages

+ Glucocorticoid use is associated with
hypertension and atherosclerosis, with these
effects being dose- and duration-dependent.

« When disease activity is high, systemic
inflammation increases, leading to higher
doses of glucocorticoids. Consequently, it
is difficult to determine whether systemic
complications arise from the glucocorticoid
dose or the intense inflammation. Moreover,
a “safe” glucocorticoid dose may not apply
uniformly to all side effects. It is crucial to use
glucocorticoids for the shortest duration and
at the lowest effective dose possible, especially
when the disease is in remission.

« Due to the elevated CVD risk in vasculitis
patients, lifestyle modifications alone are
insufficient. Instead, they should be regarded as
high-risk, and appropriate medical treatment
should be administered when necessary.
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~20D) ABSTRACT Cosr

Glucocorticoid-induced diabetes (GID) is a frequent metabolic complication of glucocorticoid therapy. It results from both
insulin resistance and impaired insulin secretion, exacerbated by glucocorticoid use. Despite its prevalence, consensus
guidelines on screening and management remain limited. GID affects approximately one in five patients receiving long-
term glucocorticoid therapy. Risk factors include older age, high BMI, prediabetes, ethnicity, and high-dose systemic
glucocorticoids. All patients initiated on moderate to high doses of glucocorticoids should be assessed for GID risk factors and
closely monitored for the development of hyperglycemia and diabetes. In addition, glucocorticoid therapy can significantly
exacerbate hyperglycemia in individuals with pre-existing diabetes, and stringent glucose monitoring is crucial. Treatment
should be tailored to individual patient. Oral anti-diabetics such as metformin and sulfonylureas might be used in selected
patients with mild GID. However, insulin is the primary treatment for severe hyperglycemia. Early detection and individualized
management strategies are critical to mitigate GID’s impact. Further research is needed to develop consensus guidelines and

optimize treatment approaches.

Keywords: glucocorticoid, diabetes, hyperglycemia, risk factors, treatment.

Introduction

Glucocorticoid-induced diabetes (GID) is a well-
recognized complication of glucocorticoid therapy,
particularly in patients receiving long-term or
high-dose glucocorticoid treatment. This review
discusses the epidemiology, risk factors, diagnostic
criteria, management strategies, and includes key
algorithms and tables to aid in clinical decision-
making.

Epidemiology

The use of glucocorticoids is common, with data
from the United Kingdom and the United States
of America indicating that approximately 1% of
the population uses glucocorticoids [1,2]. Orally
administered glucocorticoids may account for up

to 2% of new-onset diabetes cases in the primary
care setting [3]. There is also data showing that
approximately 19% of patients on glucocorticoid
therapy for more than one month could develop
diabetes [4]. Hospitalized patients are particularly
vulnerable, with 56% experiencing at least one
hyperglycemic event when on glucocorticoids [5].

Risk Factors

Several factors contribute to the development of
GID. The route of glucocorticoid administration,
the dosage, and the duration of therapy are
critical determinants [6]. For instance, systemic
administration presents a higher risk than intra-
articular or intra-lesional injections. However,
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even intra-articular glucocorticoid injections may
induce hyperglycemia for several days in patients
with diabetes mellitus [7]. Additionally, higher
doses of glucocorticoids significantly escalate
the risk of hyperglycemia, particularly at doses
equivalent to more than 120 mg of hydrocortisone
being associated with a 10-fold increase in risk [6].
Moreover, the type of glucocorticoid administration
is critical, as daily long-term use causes higher
hyperglycemia risk than cyclic use. Research
shows that 6 weeks of continuous glucocorticoid
administration increases the risk of hyperglycemia
by 50% compared to 5 days on, 15 days off usage
[8]. Other risk factors for GID are older age, renal
dysfunction, prediabetes, family history of diabetes,
overweight or obesity, and co-administration of
other medications associated with hyperglycemia
risk (Table 1). Furthermore, genetic variations
found in the population have been shown to be
useful in predicting the metabolic responses to
glucocorticoid therapy that are unique to each
individual, such as hyperglycemia and diabetes
mellitus [9].

Screening and Diagnosis

The diagnostic criteria for GID mirror those of
common diabetes mellitus, with fasting plasma
glucose (FPG) levels of =126 mg/dL or a 2-hour
plasma glucose (2h PG) level of 2200 mg/dL during
a 75 g oral glucose tolerance test (OGTT) (Table 2).

There is no consensus regarding who should be
screened for GID and when, and the American
Diabetes Association (ADA) suggests ‘considering’
screening for diabetes in patients on long-term
glucocorticoid therapy [10]. Fasting plasma glucose

Table 1. Risk factors for glucocorticoid-induced diabetes

alone may notbe the best method for screening GID,
as short- and intermediate-acting glucocorticoids
administeredinthe morning would increase plasma
glucose in the afternoon or evening [6]. OGTT may
therefore be a better approach for GID screening
in long-term low-dose glucocorticoid users. In a
study involving 150 patients who used low-dose
glucocorticoids (10 mg/day of prednisolone) for
more than 3 months, OGTT revealed that 19% had
impaired glucose tolerance compared to 5% with
impaired fasting glucose [11]. It is controversial
whether prednisolone dosages as low as 5 mg per
day could also increase the risk of GID [12,13].

Management

Management of GID should be individualized,
taking into account the patient’s risk factors,
the type, dosage and duration of glucocorticoid
treatment, and the severity of hyperglycemia. In
patients without a history of diabetes, the focus
should be on monitoring and early intervention.
Patients with GID risk factors need a more frequent
glucose monitoring, and persistent hyperglycemia
(PG =180 mg/dL in two or more readings) require
treatment [6,10] (Figure 1).

Non-Pharmacological Interventions

Lifestyle  modifications, including  dietary
adjustments and physical activity, are essential
components of GID management. However,
due to the rapid onset of hyperglycemia with
glucocorticoid use, these often need to be
supplemented with pharmacological therapy.

Table 2. Diagnostic criteria for diabetes [10]

Age >60 years
BMI >25 kg/m?(also abdominal
obesity)

Hypertriglyceridemia
HbA1c >6.5%
GFR < 40 mL/min/1.73 m?

Prediabetes

Renal dysfunction

Family history of diabetes
Ethnicity e.g., black ethnic group

Concurrent medications e.g., MMF, calcineurin inhibitors,

furosemide

BMI: body mass index, GFR: glomerular filtration rate, MMF:
mycophenolate mofetil.

FPG =126 mg/dL
2-h PG during 75 g OGTT >200 mg/dL
Random PG in a person with classical =200 mg/dL
symptoms of hyperglycemia

HbA1c* >6.5%

*The test should be performed in a laboratory using a National
Glycohemoglobin Standardization Program-certified method.

FPG: fasting plasma glucose, OGTT: oral glucose tolerance test.
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No history of diabetes

Assess GID risk factors
(Age, BMI, family history of diabetes, HbA1c, etc.)

Monitor blood glucose levels

Initiate treatment if repeated measurements of
BG 2180 mg/dL

Figure 1. Diagnostic approach to glucocorticoid-
induced diabetes

Pharmacological Interventions

The treatment of GID is similar to that of common
diabetes in the population. However, managing GID
with oral antidiabetic drugs (OADs) is challenging
because being flexible with these medications in
treatment is often difficult. A significant percentage
of patients with GID would therefore need insulin.
Still, OADs might be used in selected patients
with mild hyperglycemia (BG levels <180 mg/dL)
who receives low-dose glucocorticoids. On the
other hand, acute severe glucocorticoid-induced
hyperglycemia with PG levels exceeding 200 mg/
dL requires insulin treatment [14]. In patients with
diabetes, it may be advisable to intensify anti-
diabetic treatment, initiate insulin therapy if it is
not already being used, or increase the insulin
dose if it is already being administered, even
before starting glucocorticoids [6,15] (Figure 2).
It should be noted that patients may need higher
doses of prandial insulin rather that basal insulin,
since peak concentrations of intermediate-acting
glucocorticoids are reached 4 to 6 hours after
administration, and last for 12 to 16 hours [6]. It
is therefore common to have near-normal fasting
BG measurements in the morning which tend to
increase during the afternoon.

Insulin  treatment should be tailored to
individual patient. Insulin choices can be made
based on whether the patient’s glucocorticoid

is short (hydrocortisone), intermediate
(prednisone, methylprednisolone), or long-
acting (dexamethasone). Intermediate-

acting glucocorticoids like prednisolone and
methylprednisolone typically begin their peak
effect between 4-8 hours and last for 12-16

History of diabetes

Assess the risk for hyperglycemic exacerbations
(HbA1c, glucocorticoid dosage, type, etc.)

Frequent monitorization of BG

Treatment intensification/insulin initiation/
insulin up-titration by 20%

Figure 2. An approach for managing hyperglycemic
exacerbations in diabetic patients induced by
glucocorticoids

hours. Since the timing of the peak effect of NPH
insulin coincides with this range, some experts
recommend adding morning NPH insulin for
patients taking a morning dose of prednisolone or
methylprednisolone [16]. However, a meta-analysis
revealed no advantage of NPH insulin use over
insulin glargine or detemir in GID management
[15]. The severity of hyperglycemia determines
whether basal insulin alone will be sufficient or if
bolus injections will be needed [6]. Nevertheless,
“sliding scale” insulin injections should be avoided
in favor of basal-bolus insulin regimens [15].

Oral anti-diabetics might be used in selected
patients with mild GID. Sulfonylureas may be
considered in patients using intermediate- to long-
acting glucocorticoids due to their rapid onset
and prolonged effect, though they carry a risk
of nocturnal hypoglycemia. Glinides, which are
fast-and short-acting agents administered before
meals, previously offered flexibility in managing
blood glucose levels in GID, although they are no
longer available in some regions. Incretin-based
therapies, targeting postprandial glucose, can
be used, although study results are mixed; they
are generally reserved for selected cases with
mild glucose increase on long-term, low-dose
glucocorticoids. Metformin is also an option for
these patients due to its well-established efficacy in
managing mild hyperglycemia. Thiazolidinediones,
despite their potential as insulin sensitizers, present
a double-edged sword; while they counteract
some of the metabolic effects of glucocorticoids,
their adverse effects—such as fluid retention,
weight gain, and osteoporosis—often mirror the
side effects associated with glucocorticoid therapy
[6,14].
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In long-term management, as the dose of
glucocorticoids is tapered, the need for anti-
diabetic treatment may decrease. Additionally,
it is important to remember that suppression of
endogenous cortisol can increase susceptibility to
nocturnal hypoglycemia [17].

Conclusion

Glucocorticoid-induced diabetes is a common
complication, and while a consensus on screening
protocols has yet to be established, it may be
prudent to consider OGTT screening in patients
receiving long-term low-dose glucocorticoid
therapy. All patients initiated on moderate to
high doses of glucocorticoids, on the other hand,
should be assessed for GID risk factors and closely
monitored for the development of hyperglycemia
and diabetes, with regular blood glucose
monitoring being essential. In individuals with

pre-existing diabetes, glucocorticoid therapy can
significantly exacerbate hyperglycemia. Therefore,
stringent glucose monitoring is crucial. Treatment
may be tailored based on the type and dose of
glucocorticoid, as well as individual patient factors.
In cases of acute severe hyperglycemia, insulin
remains the sole effective treatment option.
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~20) ABSTRACT CQe~

The Glucocorticoid Toxicity Index (GTI) is a glucocorticoid-related toxicity measurement tool which was recently developed
by an international expert panel. GTI can be calculated with two different methods: Cumulative Worsening Score (CWS) and
Aggregate Improvement Score (AIS). The total glucocorticoid-related toxicity during follow-up can be calculated with CWS. All
parameters that develop over time continue to be included, and a decrease in the CWS is not possible. On the contrary, both
increase and decrease in toxicity can be assessed in scoring with the AIS method. A drug that reduces glucocorticoid toxicity
should be able to reduce the AIS score. Cumulative glucocorticoid dose was found to be associated with higher GTI scores in
studies. Although not all glucocorticoid-related toxicities can be covered, parameters that are common, dynamic, and more
likely to be glucocorticoid-related are included in GTI. GTI has some limitations such as the possibility of not detecting chronic
damage, the difficulty in interpreting the score in the patients who have already sterted the glucocorticoid treatment, some
parameters requiring direct interaction with the patient, and difficulty in calculation.

Keywords: glucocorticoid toxicity index, cumulative dose, glucocorticoid toxicity, inflammatory diseases.

Introduction

Glucocorticoids (GCs) has been the mainstay of
the treatment in inflammatory diseases. However,
the toxicity risk and comorbidities related to GC
use remains a concern, especially in long-term
and high dose GC treatment. Therefore, additional
immunosuppressive (IS) agents aim to reduce the
GC dose and thus GC-related adverse events. An
effective IS should have a GC sparing effect and
reduce GC-related toxicity [1].

To date, GC toxicity has been defined in many
different ways. In a study comparing budesonide
and prednisolone in Crohn Disease, GC-related main
side effects were listed as moon face, acne, swollen
ankles, easy bruising, hirsutism, buffalo hump and
skin striae [2]. In another study evaluating the
effectiveness of low-dose steroids in rheumatoid
arthritis (RA), toxicity assessment was based on

blood pressure, body massindex (BMI) and DEXA [3].
Weight, blood pressure, glucose levels, depression,
osteoporotic fractures, glaucoma, cataract were
recorded in every visit for adverse event evaluation
in the study which involved early RA patients with
very low dose prednisolone treatment [4].

Glucocorticoid Toxicity Index (GTI), which was
developed by an international group of experts
is an instrument which aims to assess GC related
toxicity and the change in toxicity over time [5]. The
index was developed and initially validated in 2017
and revised in 2022 (GTI 2.0) defining two analytic
approaches:Cumulative Worsening Score (CWS)and
Aggregate Improvement Score (AlS). The principles
adopted in selecting items were choosing the
most frequent items which have the likelihood of
occurrence >%5 over 6 months to 3 years duration,
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importance of the items for both clinician and the
patient, choosing independent items and dynamic
items that can reflect the change over time. After
the selection of the parameters, the items were
voted by experts for weighting [6]. To evaluate
changes in glucocorticoid toxicity, measurements
should be taken at least at two different time
points. The first measurement establishes a
baseline GTI score to assess the patient’s current
condition. The second measurement evaluates any
improvement or worsening compared to baseline.
These measurements can be performed for both
newly initiated GC patients and those with a history
of GC use. It is recommended that GTl be applied at
3-month intervals during GC therapy.

Glucocorticoid Toxicity Index Scoring

Cumulative worsening score

CWS was developed to assess the total toxicity
over time. Every damage item that develops after
the initial visit continues to be counted, even if
it is temporary and resolves during follow-up.
Therefore, the CWS can increase or remain the same
during time, but cannot decrease. An effective GC
sparing agent will provide lower CWS compared to
the standard therapy. This score ranges between 0
and 439 [6].

Aggregate improvement score

In clinical trials, patients may have been exposed to
GCs before the trial and some GC-related toxicity
parameters may have developed at initial visit. AIS
allows to evaluate the decrease in toxicity which is
already present at the baseline visit. If a damage
item improves during follow-up, that item provides
a corresponding point reduction in the AlIS.
Therefore, reduction in GC toxicity can be measured
with AIS. On the contrary, in case of worsening
in the relevant toxicity, the score increases.
Corresponding improvement and worsening in the
same item cause an equal increase or decrease in
the AIS (Table 1). If a drug is effective in reducing
GC toxicity, AIS should decrease over time in the
treatment arm. This score ranges between -346 and
439 [6].

Glucocorticoid toxicity index studies

The GTI has been used in several real-life studies
and clinical trials. In a retrospective study which
assessed GTI in patients with ANCA associated
vasculitis, GTI score was associated with cumulative
GC dose. In this study, the most common toxicity
parameter was infections which were mostly mild,
such as oral candidiasis and varicella zoster [7].

In a post hoc analysis of the Tocilizumab in Giant
Cell Arteritis (GIACTA) trial, baseline GTI scores of
the giant cell arteritis (GCA) patients was evaluated.
The mean GTI score was 111.3 = 53.2 in the overall
group. The domains that caused the greatest
increase in GTI score were blood pressure (24.0%),
glucose tolerance (22.6%) and neuropsychiatric
effects (15.9% of the overall score). Patients with a
relapsing disease had higher GTI scores compared
to newly-diagnosed GCA patients (GTI relapsing vs
newly-diagnosed: 122.5 vs. 98.9; P < 0.001) [8].

In the ADVOCATE trial, the RCT investigating the
efficacy and safety of avacopan in ANCA associated
vasculitis, GTl was designated as a secondary
outcome. CWS and AlS were lower in the avacopan
group than prednisone group (CWS avacopan vs
prednisone: 39.7 vs 56.6 points), (AIS avacopan vs
prednisone: 11.2 vs 23.4 points) at 26th week of the
study [9].

GC-related toxicity was assessed in lupus nephritis
patients using GTI, in a retrospective study. Higher
cumulative GC dose was associated with higher
CWS and AIS in lupus nephritis patients at 5 years
of follow-up [10].

In aTurkish Takayasu arteritis cohort, mean baseline
GTI score was 51.5 + 524 and GTI score was
correlated with age (r=0.32, p=0.014), cumulative
GC dose (r=0.34, p=0.017) and the duration of the
GC exposure (r=0.27, p=0.041) [11].

In a study conducted in a rheumatology outpatient
clinic, the median (min-max) GTI-AIS score at 6
months was 29 (-42 to 190) in the GC-naive patients
and 0 (-82 to 40) in the GC-experienced patients
(GC treatment for <2 years). Higher cumulative
GC dose was associated with higher GTI scores
in both groups ( p< 0.001). In addition, in the GC-
naive group, patients with vasculitis had higher GTI
scores than inflammatory arthritis (p< 0.001) [12].
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Table 1. Glucocorticoid toxicity index 2.0 domains and
weights of the items [6]

1.Change in Body Weight (BMI)

Decrease by >/=5 BMI units -36
Decrease by >2 but <5 BMI units -21
No significant change (+/- 2 BMI units) 0
Increase of >2 to <5 BMI units 21
Increase of 5 or more BMI units 36

2. Glucose Metabolism

Improvement in HoA1c AND decrease in -44
medication

Improvement in HbA1c OR decrease in medication -32
No significant change 0

Increase in HbA1c OR increase in medication 32
Increase in HbA1c AND increase in medication 44

3. Blood Pressure

Improvement in BP AND decrease in medication -44
Improvement in BP OR decrease in medication -19
No significant change 0

Increase in BP OR increase in medication 19
Increase in BP AND increase in medication 44

4. Hyperlipidemia

Decrease in LDL AND decrease in medication -30
Decrease in LDL OR decrease in medication -10
No significant change 0

Increase in LDL OR increase in medication 10
Increase in LDL AND increase in medication 30
5. Bone Health (BMD)

Increase in BMD (gain of more than 3%) -29
No significant change in BMD (+/- 3%) 0

Decrease in BMD (loss of more than 3%) 29
6. Steroid Myopathy

Moderate weakness to none -63
Moderate to Mild weakness -54
Mild weakness to none -9

No significant change

None to Mild weakness (without functional

limitation)
Mild to Moderate weakness 54
None to Moderate weakness (with functional 63
limitation)

7. Skin steroid-related Toxicity

Decrease in Skin Toxicity - Moderate to None -26
Decrease in Skin Toxicity - Moderate to Mild -18
Decrease in Skin Toxicity - Mild to None -8
No significant change 0

Increase in Skin Toxicity - None to Mild 8

Increase in Skin Toxicity - Mild to Moderate 18
Increase in Skin Toxicity - None to Moderate 26

8. Neuropsychiatric - steroid related symptoms

Decrease in NP Toxicity - Moderate to None -74
Decrease in NP Toxicity - Moderate to Mild -63
Decrease in NP Toxicity - Mild to None =il
No significant change

Increase in NP Toxicity - None to Mild 11

Increase in NP Toxicity - Mild to Moderate 63
Increase in NP Toxicity - None to Moderate 71

9. Infection

No infection

Oral or vaginal candidiasis or non-complicated 19
zoster (<Grade3)

Grade 3, 4, or 5 infection 93

Limitations and Strengths of Glucocorticoid
Toxicity Index

GTl has several weaknesses and limitations as well
as strengths. Glucocorticoids have approximately
70 toxicities. Not all of these toxicities are included
in the GTI. Toxicities that were common, easy to
measure, are of a dynamic nature that may show
improvement or worsening of toxicity over time
and are more likely to be due to the effect of GC
treatment were included in the GTI. Toxicities that
were difficult to separate from co-morbidities or the
effects of the underlying disease were also excluded.
For example, toxicities such as atherosclerosis,
myocardial infarction, and stroke were not
included in the GTI because all these toxicities
are often confounded with either co-morbidities
(e.g. smoking) or the effects of the disease under
treatment (e.g. systemic lupus erythematosus).
Additionally, some GC toxicities occur acutely
(within hours to days), others subacutely (weeks to
months), and others chronically (months to years).
Chronic toxicity may not be captured during GTI
assessment [6].

Another limitation is that the toxicities may not
be attributed to glucocorticoids alone. Drugs
frequently used with GCs may have a synergistic
effect with certain GC toxicities. For example,
immunomodulatory agents may increase the
risk of infection, and this effect may be difficult
to distinguish from GCs. Patients may have
comorbidities (e.g. obesity, hypertension, etc.)
that precede GC treatment and vary across patient
populations and disease states [6,13].

Baseline GTI scoring is different from the scoring
performed at later follow-up. In the baseline GTI
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score, the minimum score is 0 and assesses the
patient’s current condition. However, subsequent
scoring may be negative or positive according to the
improvement or worsening of GC toxicity compared
to baseline. Therefore, in order to assess the GTl, it is
first necessary to calculate the patient’s baseline GTI
score [5,13]. In patients who have already started
glucocorticoid therapy, baseline GTl is calculated at
the time point at which GTl is first assessed, not at
the time glucocorticoid is first started. It is therefore
difficult to interpret the GTI in patients who have
already started glucocorticoid therapy and to relate
it to cumulative glucocorticoid exposure. On the
contrary, it would be more rational to assess the GTI
from the time glucocorticoid therapy is initiated.

Several domains in the GTI (such as skin toxicity
or neuropsychiatric effects) require direct patient
interaction. These domains require careful objective
consideration of GC toxicity. Assessing by the same
person ensures standardization in these domains
and provides more accurate results [6,13].

Finally, GTI scores are difficult to calculate. A
digital platform has been developed to facilitate

the use and scoring of the GTI but there is a need
for a charge for use. The application records the
data from the patient visit required for GTI and
analyses, tabulates, and scores it in 2-3 minutes.
Thus, it provides accurate results in a short time by
eliminating the user error. The manual calculation
on the other hand can be complicated and lead to
errors during calculation and is time-consuming
[6,13].
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20D ABSTRACT Coor

Antineutrophil cytoplasmic autoantibody (ANCA)-associated vasculitides (AAV) are a group of disorders that include
granulomatosis with polyangiitis (GPA), microscopic polyangiitis (MPA), renal-limited vasculitis, and eosinophilic
granulomatosis with polyangiitis (EGPA). Infections and cardiovascular diseases are the main causes of death in patients with
AAV. New treatment regimens with low-dose glucocorticoidsare proposed to reduce the frequency of side effects. Studies
related to the use of glucocorticoids in AAV patients were searched in the literature and results were summarized. Low-dose
steroid protocols are not inferior to standard dose treatment and have fewer side effects. Although their effectiveness appears
to be similar and their side effects appear to be less, the long-term results of low-dose regimens should also be evaluated.New

studies are needed for alternative treatment regimens.

Keywords: ANCA-associated vasculitis, treatment, glucocorticoid, low-dose regimen.

Introduction

Antineutrophil cytoplasmic autoantibody
(ANCA)-associated vasculitides (AAV) are a group
of disorders that include granulomatosis with
polyangiitis  (GPA), microscopic  polyangiitis
(MPA), renal-limited vasculitis, and eosinophilic
granulomatosis with polyangiitis (EGPA) [1,2].

AAV is a life-threatening disease, especially in
untreated patients [3]. The main causes of death in
patients with AAV are infections and cardiovascular
diseases rather than the disease itself [3]. New
treatment regimens with lowertoxicity is proposed
for reduced frequency of side effects.

Treatment of AAV consists of remission induction
and maintenance therapies. The affected organ
and severity determine induction therapy.
Kidney involvement in AAV has a great impact
on survival and long-term prognosis. High doses
of glucocorticoids are the cornerstone of the
treatment but low-dose regimens are being
considered due to long-term side effects.

Organ-life-threatening manifestations of AAV
are glomerulonephritis, pulmonary hemorrhage,
cerebral vasculitis, progressive peripheral or
cranial neuropathy, orbital pseudotumor, scleritis,
gastrointestinal  hemorrhage, and cardiac
involvement [41. Episcleritis,non-cavitating
pulmonary nodules, skin involvement without
ulceration, myositis,and nasal and paranasal disease
without bony involvement or cartilage collapse or
olfactory dysfunction or deafness are identified as
non-organ-life-threatening manifestations of AAV
(4].

In patients with non-organ-life-threatening
manifestations, methotrexate combined with
0.5 mg/kg/day prednisolone equivalent is the
treatment of choice. Maintenance treatment is
planned according to a low-dose regimen [5].

In organ-life-threatening disease 1 mg/kg/
day prednisolone equivalent is the preferred
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regimen. In the presence of rapidly progressive
glomerulonephritis, alveolar hemorrhage,
mononeuritis multiplex, or optic neuritis pulse
steroid (1 g/day) is recommended. A low-
dose regimen is used in combination with
immunosuppressives. In refractory disease or
relapse, it is recommended to use glucocorticoids
for 4-6 months, tapering off more slowly [6].

Current literature contains studies comparing low-
dose and standard-dose glucocorticoid regimens.
Of these, the PEXIVAS trial is an important study
conducted in patients with severe ANCA-associated
vasculitis to compare the efficacy of plasma
exchange with no plasma exchange with respect
to death or end-stage kidney disease (ESKD).The
PEXIVAS trial also compared the reduced-dose
regimen of glucocorticoids with a standard-dose
regimenover the first 6 months of the treatment
period to determine whether the reduced dose was
non-inferiorto the standard dose concerningdeath
or ESKD [6]. Table 1 shows the glucocorticoid doses
of patients in both groups.

It has been observed that the low-dose
glucocorticoid regimen is not inferior to the
standard dose regimen on mortality and end-stage
CRF and has fewer side effects.

In the LoVAS study [3], patients were randomized
to receive reduced-dose prednisolone(0.5mg/kg/d)
plus rituximab (RTX) (375mg/m2/wk, 4 doses) (n =
70) or high-dose prednisolone (1mg/kg/d) plus

RTX (n = 70). In newly diagnosed GPA patients
(without severe GN or alveolar hemorrhage),
combined therapy of low-dose glucocorticoid and
RTX is non-inferior to the combination of high-dose
glucocorticoid and RTX.Infections and other GC-
related side effects were less common in patients
receiving a low-dose treatment regimen.

EULAR recommendations for the management of
AAV were published in 2022. As part of regimens
for induction of remission in GPA orMPA, treatment
with oral GCs at a starting doseof 50-75 mg
prednisolone equivalent/day, depending on body
weight is recommended. stepwise reduction in GCs
according toPEXIVAS protocoland achieving a dose
of 5 mg prednisolone equivalent perday for 4-5
months [7].

In patients with new-onset or relapsed EGPA, a
combination of high-dose glucocorticoids and
cyclophosphamide is recommended if there is a
life/organ-threatening situation. Unlike MPA and
GPA, EGPA does not have a different glucocorticoid
protocol. A similar protocol can be used, but
asthma and ear-nose-throat (ENT) exacerbations
may increase steroid requirements, and tapering
may take longer. Glucocorticoid treatment is
recommended for remission induction in patients
with new-onset or relapsed EGPA, even if there is
no life/organ-threatening condition. In the absence
of poor prognostic factors, remission is achieved
in >90% of patients treated with GC alone.

Table 1. Glucocorticoid doses in standard and reduced-dose groups in the PEXIVAS trial

Standard Reduced-dose

Week <50 kg 50-75 kg >75 kg <50 kg 50-75 kg >75 kg

Pulse Pulse Pulse Pulse Pulse Pulse
1 50 60 75 50 60 75
2 50 60 75 25 30 40
3-4 40 50 60 20 25 30
5-6 30 40 50 15 20 25
7-8 25 30 40 12.5 15 20
9-10 20 25 30 10 125 15
11-12 15 20 25 7.5 10 12.5
13-14 12.5 15 20 6 7.5 10
15-16 10 10 15 5 5 7.5
17-18 10 10 15 5 5 7.5
19-20 7.5 7.5 10 5 5
21-22 7.5 7.5 7.5 5 5
23-52 5 5 5 5 5
>52 Investigator’s local practice Investigator’s local practice
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Relapse is common when the dose is reduced, but
studies with immunosuppressives have shown
that they do not affect recurrence. In this case,
there is no recommended reduction scheme, it is
recommended to make an individual decision by
evaluating the risks of recurrence and infection [7].

Avacopanisacomplement5areceptorinhibitorand
according to EULAR and ACR recommendations,
avacopan reduces exposure to glucocorticoids. But
long-term results are not known yet.

It seems that low-dose steroid protocols are not
inferior to standard dose treatment and have fewer
side effects. New studies are needed for alternative
treatment regimens.
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~20) ABSTRACT (05

IgA vasculitis (IgAV) is an immune complex vasculitis affecting small vessels characterized by IgA1 immune deposits. IgA
vasculitis typically resolves spontaneously in most cases, especially in pediatric cases but may have more severe outcomes
in adults and the optimal treatment for IgAV remains controversial. Although glucocorticoids are the mainstay of treatment,
studies are investigating the role of alternative immunosuppressive agents and biologics, particularly in adult onset, severe or
resistant cases. The efficacy of glucocorticoids appears to vary according to the specific manifestations and severity of IgAV.
They may be effective in treating complications when combined with immunosuppressive agents but glucocorticoids should
not be used prophylactically as they do not prevent complications.

Keywords: disease management, glucocorticoids, IgA vasculitis.

Introduction

IgA vasculitis (IgAV), formerly known as Henoch-
Schonlein purpura, isan immune complex vasculitis
affecting small vessels characterized by IgA1
immune deposits. IgAV can affect both children
and adults, and its clinical course, prognosis and
treatment approaches differ. IgAV affects multiple
organs, including the skin, joints, gastrointestinal
tract, and kidneys [1]. IgAV is the most common
pediatric vasculitis, with nephritis (IgAVN) being
its most significant chronic manifestation [2]. IgA
vasculitis typically resolves spontaneously in most
cases, especially in pediatric cases but may have
more severe outcomes in adults [3-5]. Adult-onset
IgAV is associated with more severe skin and renal
involvement, including ulcerative lesions and
nephrotic-range proteinuria [6].

Severalfactorsareassociatedwithorgandysfunction
or damage in this condition. Renal involvement is
a major concern, with risk factors including older
age at onset, lower glomerular filtration rate,

nephrotic or nephritic-nephrotic syndrome, and
crescentic nephritis on biopsy [7]. Gastrointestinal
involvement and elevated diastolic blood pressure
are also predictive of renal involvement [8]. Long-
term end-stage renal disease is associated with
baseline renal dysfunction, proteinuria, and specific
histological findings [5].A subset of IgAV patients
experience renal complications that may persist
and relapse [1]. Infections, particularly bacterial
and viral, are common triggers of IgA vasculitis [9].
Relapses in IgA vasculitis (IgAV) are common and
are associated with several factors. In IgAV, younger
age and lack of initial glucocorticoid treatment are
associated with higher relapse rates [10]. Other
factors include older age at onset, persistent
rash, abdominal pain, haematuria, underlying
disease, severe leukocytoclasis and absence of IgM
deposition on vessel walls [11]. Understanding
these risk factors may help to guide monitoring
and treatment strategies for IgAV patients.

30


https://orcid.org/0000-0003-4409-059x

Acta Medica 2024; 55(Supplement 1): 30-32

Glucocorticoids in management

Glucocorticoids are commonly used to treat
IgA vasculitis but their effectiveness remains
controversial. Some immunosuppressive agents,
such as azathioprine, cyclophosphamide,
cyclosporine, mycophenolate, rituximab, and
dapsone have been used in combination with
glucocorticoids, but their effectiveness has not
been definitively established [12,13].

Treatment approaches for pediatric IgAV vary
widely, with glucocorticoids being the primary
intervention. A large cohort study found that
conservative management, including observation
and RAAS blockade, was the most common
approach for IgAVN, with immunosuppression
reserved for more severe cases. Overall, renal
outcomes were generally favorable, with low rates
of chronic kidney disease and renal failure [14]. For
mild cases, oral glucocorticoids are recommended,
while moderate to severe cases may require
parenteral or pulsed doses [2]. However, there is
considerable variability in glucocorticoid dosing,
and higher doses do not necessarily lead to
improved outcomes [15]. Cyclophosphamide is
sometimes used for severe cases, but its efficacy in
preventing progression of nephritis is questionable
[16].

Treatment approaches for adult IgAV vary
depending on disease severity. For moderate to
severe cases, systemic steroids are recommended
[3]. High-dose methylprednisolone followed by
oral steroids has shown success in managing
severe abdominal symptoms. In cases of organ-
threatening IgAV, combination therapies including
systemic corticosteroids, oralimmunosuppressants,
rituximab, and cyclophosphamide have been
used [4]. For glomerulonephritis and other
complications, high-dose steroids, cyclosporine,
and mycophenolate have demonstrated efficacy
in randomized trials [1]. Long-term prognosis
depends on the extent of renal involvement,
necessitating follow-up to assess for relapse
or remission. Rituximab has shown promise
in treating adult IgA vasculitis with nepbhritis,
achieving complete remission in some cases.
Rituximab, an anti-CD20 monoclonal antibody,
has shown promise in treating steroid-dependent

IgAV cases, particularly those with gastrointestinal
involvement [17]. However, the optimal treatment
for adult IgAV remains controversial, and more
research is needed to establish standard protocols
for various treatment options in managing IgAV and
preventing relapses. In cases of severe abdominal
pain resistant to corticosteroids, intravenous vy
globulin has shown promise as a safe alternative
[18].

The long-term use of glucocorticoids in IgAV
remains controversial. Studies have shown
that steroids do not prevent complications and
should not be used prophylactically. However,
high-dose steroids may be beneficial in treating
glomerulonephritis and other severe complications
[1]. For chronic cutaneous IgAV, corticosteroids are
often ineffective [19]. Relapse of IgAV occurs in
about 15% of patients, more frequently in younger
patients and those without baseline glucocorticoid
treatment [10].Intravenous steroid pulses have
shown a lower relapse risk compared to oral
steroids in IgA nephropathy treatment. In patients
receiving steroid therapy, relapse, non-remission,
time-averaged eGFR, and time-averaged serum
albumin are independent predictors of long-term
prognosis [20].

In summary, the optimal treatment for IgAV remains
controversial. Although glucocorticoids are the
mainstay of treatment, studies are investigating
the role of alternative immunosuppressive
agents and biologics, particularly in adult
onset, severe or resistant cases. The efficacy of
glucocorticoids appears to vary according to the
specific manifestations and severity of IgAV. They
may be effective in treating complications when
combined with immunosuppressive agents, but
systematic reviews suggest that steroids should
not be used prophylactically as they do not prevent
complications. Further research is therefore needed
to determine optimal treatment strategies for IgA
vasculitis.
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~20D) ABSTRACT Cosr

Behcet's disease (BD) is a chronic, multifactorial inflammatory disorder characterized by episodic involvement of multiple
systems, including mucocutaneous, ocular, vascular, gastrointestinal, joint, and neurological domains. Glucocorticoids (GC)
play a pivotal role in managing BD, especially during acute flares and severe organ involvement. This review highlights the
tailored use of GC across various manifestations of BD. For mucocutaneous lesions, topical GC are effective, where as short-
term low-dose systemic GC are reserved for colchicine-resistantcases. In ocular BD, systemic GC are in dispensable for sight-
threatening conditions, often combined with disease-modifying anti-rheumatic drugs (DMARDs) or biologics to minimize GC
dependency. In vascular involvement, particularly pulmonary artery aneurysms, high-dose or pulse GC are essential to control
vessel wall inflammation, often alongside immunosuppressive agents like cyclophosphamide. Neurological BD necessitate
surgent high-dose GC therapy, complemented by DMARDs for sustained control. Joint involvement can be managed with
intraarticular GC, reducing systemic exposure. In gastrointestinal BD, GC use is limited due to potential mucosal irritation, with
biologics and DMARDs serving as adjunctive options. Across all manifestations, GC tapering is prioritized to mitigate adverse
effects, while combination therapy with DMARDs or biologics ensures comprehensive disease control. This comprehensive
review underscores the critical role of GC in BD management, advocating for individualized treatment strategies to balance
efficacy and safety.

Keywords: Behcet's disease, glucocorticoids, anti-inflammatory agents, mucocutaneous lesions, vascular, ocular, systemic
inflammation, immunomodulatory treatment.

Introduction

Behcet's disease (BD) is a multifactorial, chronic
inflammatory  disease with an  unknown
etiopathogenesis, characterized by recurrent
manifestations of oral and genital aphthousulcers,
uveitis, erythema-nodosum-like lesions, arthritis,
and involvement of major vessels, gastrointestinal,
and central nervoussystems [1,2]. Given its natural
course as a relapsing and remitting disease, the
primary goal of treatment is to suppress flare-
ups and prevent long-term damage. Treatment
options include immunomodulatory agents,
primarilyglucocorticoids (GC), disease-modifying
anti-rheumaticdrugs (DMARDs), and biologics.
The treatment regimen should be tailored to
the patient’s characteristics (such as gender,
age, fertility expectations, comorbidities, and

major organ involvement), as well as prognostic
factors and the disease’s activity and severity [3].
Major organ involvement serves as a warning
sign of BD, with ocular, vascular, neurologic, and
gastrointestinal involvement associated with a
poor prognosis, requiring the administration of
immunosuppressive therapy [4,5].

Glucococorticoids are available in several forms,
including topical, oral, and systemic routes.
The choice of type and dosage of GC should be
individualized, and the lowest effective dose
should be used for the shortest possible duration to
minimize adverse effects. In Figure 1, we summarize
the EULAR treatment guidelines based on organ
involvement and the forms of GC used [6,7].
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Figure 1. The main disease manifestation groups and used of glucocorticoids according to administration route and

dose [7].

Glucocorticoids treatment in mucocutaneous
involvement

Mucocutanous involvement includes oral aphtae,
genital ulcers, papulopustular and acne-like lesions,
erythemanodosum. Although colchicineisthe main
treatment agent for mucocutaneous involvement,
glucocorticoids may also be used in various forms.
For oral aphthae, genital ulcers, and papulopustular
lesions, topical GC can be used without the risk of
systemic adverse effects. In colchicine-resistant or
intolerant patients, short-term, low-dose GC can be
effective in all manifestations of mucocutaneous
involvement, particularly erythema nodosum [8].

Glucocorticoids treatment in eye involvement

The prototype lesion of eye involvement in BD is
uveitis, particularly affecting the posterior segment.
Uveitis is more common in younger patients and
males, and timely, effective treatment is crucial
to suppress inflammation, prevent recurrence,
and avoid permanent decrease in visual acuity
or vision loss. The use and dosage of GC should
be determined based on the severity of eye
involvement and the presence of sight-threatening

conditions. It is highly recommended to combine
GC with systemic DMARDs or biologics to reduce
GC dependency, and they never be used as a
monotherapy [9].

Isolated anterior uveitis, on the other hand, can be
managed with topical agents alone [10]. Intravitreal
injections of GC may be used as an adjunctive
treatment option to systemic treatment, especially
in case of single-eye involvement [7]. High-dose
systemic GC are employed for rapid control of
acute-attacks but should be tapered as soon as the
effects of concomitantly used immunosuppressive
agents become apparent.

Glucocorticoids treatment in acute deep vein
thrombosis

In BD patients, thrombosis is considered a result
of inflammation rather than hypercoagulability.
Therefore, anti-inflammatory  treatment s
the cornerstone of management rather than
anticoagulation.The primary goals are the early and
effective control of thrombosis, the preservation of
vascular flow, or the achievement of re-canalization,
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all of which are crucial to preventing chronic leg
ulcerations and post-thrombotic syndrome. In most
cases, low-dose GC and DMARDs combination is
recommended and successful, but in refractory
cases biologics and addition of anti-coagulant can
be needed [11].

arterial

Glucocorticoids treatment in

involvement

The most frequent arterial involvement in BD is
pulmonary artery aneurysms and thrombosis, both
of which carry a highrisk of increased morbidity and
mortality. Aortic and peripheral aneurysms as well
as rare instances of thrombosis, are also observed.
In selected cases, surgical or endovascular
repair, in addition to systemic treatment, may
be considered. In all cases, high-dose GC should
be initiated to control vessel wall inflammation
and prevent complications. For pulmonary artery
involvement, initial pulse GC are administered. For
invasive procedures, preoperative administration
of GC is crucial to enhance perioperative success
and prevent postoperative complications and
recurrences. Given the severity of the disease
manifestations and the need for long-term
immunosuppression, the addition of potent
systemic agents like cyclophosphamide or TNF-
alpha blockers, along with adjunctive DMARDs,
should be initiated as soon as possible [12].

Glucocorticoids treatment in gastrointestinal
involvement

Gastrointestinal involvement is a less common
but significant manifestation of BD, requiring
careful diagnostic evaluation to exclude other
inflammatory and infectious causes. For the
rapid healing of ulcers and control of acute
exacerbations, GC can be used. However, due to
their mucosal irritation effects, high-dose GC use
is not recommended, particularly in cases where
there is a risk of perforation. In managing these
cases, a combination of locally effective agents,
DMARDs, and biologics should be included in the
treatment plan [13].

Glucocorticoids treatment in joint involvement

In cases of acute monoarthritis, intra articular
GC can be administered after the aspiration of

excess synovial fluid, there by reducing the need
for systemic immunosuppressive therapy and GC.
However, in cases of recurrent monoarthritis or
oligo/polyarthritis that are refractory to colchicine,
low-dose GC can be used in conjunction with
DMARDs, for the shortest duration possible [14,15].

Glucocorticoids treatment in nervous system
involvement

In both types of acute central nervous system
involvement—parenchymal involvement and
cerebral venous thrombosis—urgent treatment
with high-dose GC is required. To better control
inflammation and facilitate GC tapering, at least
one DMARD should be initiated alongside GC [16].

Conclusion

In summary, for mucocutaneous involvement,
topical GC are typically sufficient, with short-term
low-dose GC reserved for rare, resistant cases. In
jointinvolvement, intra articular or low-dose GC can
be used as well. However, in acute flares involving
the ocular, vascular, gastrointestinal, and nervous
systems, GC remain the primary and life-saving
initial therapy. Long-term and high-dose GC should
be avoided due to their adverse effects, and the use
of combinations with DMARDs and biologics, along
with careful tapering, can help minimize these
effects and reduce the cumulative GC dose.
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20D ABSTRACT Coor

Takayasu arteritis is one the large vessel vasculitis affecting the aorta and major branches. Glucocorticoid treatment plays
an important role in the treatment of this disease, as in all vasculitis.According to the most recent evidence, theguidelines
suggested initiating GCs at high dosages, particularly in patients who had just received a diagnosis. This review aims to analyze
this research and identify the rationale behind the current guidelines’ recommendations.

Keywords: glucocorticoids, large vessel vasculitis, Takayasu arteritis.

Introduction

Takayasu arteritis (TA) is a large vessel vasculitis
that often affects women and involves the
aorta and its major branches. Although it is
predominantly an insidious disease, it can escalate
to fatal complications in some patients (myocardial
infarction, stroke, etc.) [1]. The treatment of TA is
challenging, because of therarity and heterogeneity
of the disease. The disease can present with a range
of clinical symptoms, including fever, weight loss,
malaise, and vascular problems [2]. Additionally,
observational studies involving a small number
of patients provide the majority of the data for
management of the disease [3].

Glucocorticoid Therapy in Takayasu arteritis

In the management of TA, glucocorticocorticoids
(GCs) consistently served the main role.
Nevertheless, there is insufficient data to determine
the optimal GC dose and duration in TA treatment
[4].

GC monotherapy is a treatment option that
has been previously examined in TA [5, 6]. In
a systematic review and meta-analysis which
included 28 observational studies and totally 1098
patients with TA assessed the clinical response,
normalization of acute phase reactants (APRs),
relapses and adverse events after GC monotherapy
[5]. The study concluded, nearly 60% of the patients
experienced clinical response, 84% of the patients
had normalization of the APRs, and 66% of the
patients had relapses under GC monotherapy.
High relapse rates during GC tapering seem to be a
major concern with GC monotherapy. In a study, TA
patients who received high dose GCs for remission
induction and continued with GC tapering after
remission had a relapse incidence of 96%. The
median GC dose at the time of relapse was reported
as 10 mg/day [7].

In the systemic literature review of The European
Alliance of Associations for Rheumatology
(EULAR) guideline, no research has centered on
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the role of GCs in TA; so they mentioned the GC
recommendations as low level of evidence (LoE) 1b
[3]. When tocilizumab versus GC monotherapy (0.2
mg/kg/day) given to TA patients presenting with
relapse was evaluated, relapse was observed in 80%
of patients receiving GC monotherapy during dose
reduction between 8-16 weeks [8]. In this study,
starting in week 4, the GC dose was reduced by
10% every week until it was at least 0.1 mg/kg/day.
Similarly, in the randomized double-blind study of
abatacept, in patients with TA, a 60% relapse rate
was seen in the GC monotherapy group, in which
treatment was initiated with 40-60 mg/day GC and
gradually reduced [9]. This 60% relapse rate was
reported in the 12th week, when the GC dose was
decreased to 20 mg/day and in the study protocol
the GC dose was reduced to 0 mg in the week 28.

Currently, immunosuppressive therapies,
conventional synthetic (cs), and biological (b)
disease modifying anti-rheumatic drugs (DMARDs)
are recommended in addition to GCs in American
College of Rheumatology (ACR) Vasculitis Foundation
Guideline for the Management of LVV which is
the most recent guideline for LVV management
[10]. According to recent studies, the majority of
the patients in high experienced vasculitis clinics
are treated with immunosuppressive therapies in
addition to GCs.In a study from National Institutes
of Health (NIH) and the Vasculitis Clinical Research
Consortium 86% of the TA patients received
¢sDMARDs and 52% of the TA patientsreceived
bDMARDs [2]. However, evidence supporting
prioritization of a specific DMARD for the
management of TA is an unmet need [11].

In the EULAR recommendations for the
management of LVV, starting the therapy with 40-
60 mg/day high dose GCs with a ¢sDMARD was
recommended in TA with LoE of 4 [12]. According
to the ACR Vasculitis Foundation Guideline for the
Management of LVV [10], for the patients with
active, severe TA initiating therapy with high-dose
GCs was recommended over low-dose (very low
level of evidence). This recommendation is based
on the aforementioned study [4], which highlights
the substantial risk of relapse with low dose GC
treatment. In this study, it was also shown that lower

GC dose during active disease is a predictor for
future relapses. So they concluded that a starting
dose of GC monotherapy below 30 mg/day should
be avoided even if disease activity seems mild at
the time of diagnosis, according to the results of
the study [4]. Studies that report the reverse also
exist. In a Chinese cohort including 566 patients
with TA, the treatment was started with a moderate
dose of GC monotherapy in 85% of the patients
and [6] authors, recommended moderate doses
of GC therapy for the initial management of TA. In
another study, starting with Tmg/kg/day or 0.5 mg/
kg/day GC in addition to immunosuppressives was
compared in patients with TA, and the cumulative
risk of relapse was found to be similar [13]. Another
study [14] reported that, adding bDMARD allows
the GC dose to be reduced in relapsing TA patients.

Conclusion

Regarding the dosage of GC in the treatment of
TA, further research is needed. Current guidelines
including both the ACR and the EULAR, are based
on a limited number of studies. According to the
latest data, these guidelines recommended starting
GCs with high doses, especially in newly-diagnosed
patients ; in order to control the disease activity,
reduce relapses, get possible positive effects on
certain outcomes such as mortality.
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~20) ABSTRACT (05

This review aimed to explore the differences in glucocorticoid use across various subtypes of childhood vasculitis, focusing on
their effectiveness, potential side effects, and tapering strategies to minimize toxicity. A comprehensive review was conducted
to evaluate the clinical applications of glucocorticoids in pediatric vasculitis subtypes. Recommendations from recent studies
and guidelines were assessed, focusing on glucocorticoid protocols for conditions such as IgA vasculitis, Kawasaki disease,
polyarteritisnodosa, ANCA-associated vasculitis, and Takayasu arteritis. Glucocorticoid tapering strategies and toxicity indices,
such as the Pediatric Glucocorticoid Toxicity Index (pGTl), were also analyzed. Glucocorticoid use varied across vasculitis
subtypes. For IgA vasculitis, mild cases were managed with oral prednisolone, while severe nephritis required intravenous
methylprednisolone and immunosuppressants. In Kawasaki disease, corticosteroids were used for refractory cases alongside
IVIG and aspirin. Severe polyarteritis nodosa cases showed better outcomes with cyclophosphamide and high-dose
glucocorticoids, whereas non-severe cases benefitted from low-dose glucocorticoids and NSAIDs. ANCA-associated vasculitis
studies reported no significant correlation between glucocorticoid dose and outcomes, although side effects were dose-
dependent. In Takayasu arteritis, children generally received lower doses than adults, based on adult treatment guidelines.
The pGTl was highlighted as a valuable tool to monitor and assess glucocorticoid toxicity in pediatric patients. Glucocorticoids
remain a cornerstone of treatment in pediatric vasculitis, but their use must be carefully tailored to balance efficacy and

toxicity. Early tapering and transitioning to alternative therapies, when feasible, are critical to minimizing adverse effects.

Keywords: Glucocorticoids, pediatric vasculitis, glucocorticoid tapering, pGTI (Pediatric Glucocorticoid Toxicity Index).

Introduction

Steroid treatment is widely used in pediatric
vasculitis cases, although it varies according to the
vasculitis subtype.Mosttreatment protocolsinclude
intensive induction followed by maintenance
therapy. Glucocorticoids are the most potent
anti-inflammatory agents used in the treatment
of rheumatic diseases. These agents are synthetic
analogues of endogenous molecules produced by
the body. Glucocorticoids show anti-inflammatory
and immunosuppressive effects in both early and
late phases of inflammation. Their main effects
on the immune system are mediated through T
lymphocytes [1]. Since the side effects associated
with long-term systemic use of these agents are
an important issue, the risk/benefit ratio should be

carefully evaluated in theuse of glucocorticoids in
children, including pediatric vasculitis cases (Table
1) [2].

The aim of glucocorticoid treatment should be to
prevent or minimise toxicity as much as possible.
For this purpose, glucorticoids with short half-
life should be preferred. Prednisone is the most
commonly used oral agent among other synthetic
steroid analogues due to it slow risk/benefit ratio
in children. A single daily administration in the
morning is recommended. Dose reduction should
be planned in a personalised manner according
to the patient. Vitamin D should be supplemented
with calcium to prevent osteoporosis [3].
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Table 1. Side effects and mechanisms related to glucocorticoid drugs in children

Growth suppression
Inhibition of IGF-1 production

Central nervous system
Acute onset euphoria, mania
Depression in the late period
Pseudotumour cerebri

Osteoporosis Directly reduces bone formation

Reduces calcium absorption

Increases bone destruction

Muscle disorders After high dose

Pain, tenderness

Cataract
significant risk in use for> 1 year
Infection and Immunity
Cardiovascular system Hypertension
Dyslipidaemia

Hematological changes | Lymphopenia

Notrofilia

The most undesirable long-term effect, especially in young children

Decrease in chondrocyte proliferation

Psychosis (high dose, first 4 days)

Increases urinary calcium excretion

Treatment everyother day is not preventive

Myopathy, atrophy of proximal muscles

Muscle enzymes and EMG may be normal

>9 mg/m? prednisone equivalent dose and

Effects due to immunesuppression

The perioperative management of children
receiving glucocorticoids should be carefully
planned. Patients receiving any dose of
glucocorticoids for less than three weeks [4],
patients receiving less than 5 mg/day prednisone
(or equivalent) in the morning for any period [5]
and patients receiving less than 10 mg prednisone
(or equivalent) every other day [6] do not require
additional glucocorticoids perioperatively.
However, perioperative glucocorticoid use is
required in patients with functional suppression of
the hypothalamo-pituitary-adrenal (HPA) axis who
usemorethan20mg/day prednisone (orequivalent)
for more than three weeks or who develop Cushing’s
syndrome clinically. However, in patients receiving
5-20 mg/day prednisone (or equivalent) for more
than three weeks, perioperative evaluation is also
required in these patients in terms of possible HPA
axis suppression [5].

The classification criteria for the most prevalent
vasculitidesinchildhood,includingimmunoglobulin
A vasculitis/Henoch-Schonlein  purpura (IgAV/
HSP), Kawasaki Disease (KD) , polyarteritis nodosa
(PAN),  granulomatous  polyangiitis/Wegener

granulomatosis (GPA/WG), and Takayasu arteritis
(TA), were established and validated at the 2008
Ankara Consensus Conference with the support of
the European League Against Rheumatism (EULAR),
Pediatric Rheumatology European Society (PReS),
and the Pediatric Rheumatology International Trials
(PRINTO) (Table 2) [7].

IgAV/HSP

IgAV/HSPisthemostcommonvasculitisinchildhood
and is frequently observed in the age range of 3-15
years [8]. Nontrombocytopenic purpura, arthritis/
arthralgia, gastrointestinal system involvement and
renal involvement constitute the clinical picture.
According to Ankara 2008 classification criteria for
IgAV/HSP in children, typical purpura (mandatory
criterion) with lower limb predominance
and at leastone of the following; abdominal
pain, histopathology (typical leucocytoclastic
vasculitis or proliferative glomerulonephritis with
predominant IgA deposits), arthritis/arthralgia, and
renal involvement (proteinuria or hemorrhagia) are
needed [7].
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Table 2. Classification of childhood vasculitis [6]

Predominantly large sized vessel vasculitis

Takayasu arteritis

Predominantly medium-sized vessel vasculitis

Childhood polyarteritis nodosa
Cutaneous polyarteritis
Kawasaki disease

Predominantly small-sized vessel vasculitis

Other vasculitides

Granulomatous
v Wegener granulomatosis *
\ Churg-Strauss syndrome*
Nongranulomatous
v Microscopicpolyangitis
v/ Henoch-Schénlein purpura
\ Isolated cutaneous leukocytoclastic vasculitis
v Hypocomplementemic urticarial vasculitis
Behcet disease
Vasculitis secondary to infection, malignancy and drugs
Vasculitis associated with connective tissue diseases
Isolated central nervous system vasculitis
Cogan sydrome
Unclassified

*This classification was established prior to the eradication of eponyms and histopathological subclassification by the 2012 Chapel Hill Consensus

on Nomenclature of Systemic Vasculitis.

A pediatric initiative (Single Huband Access point
for pediatric Rheumatology in Europe; SHARE) has
developed recommendations by European experts
based on systematic literature reviews [9-11].
According to the SHARE recommendations for IgAV
the conditions indicating steroid treatment are
orchitis, cerebralvasculitis, pulmonary hemorrhage,
and other severe organ/life-threatening vasculitic
involvement. In these cases, oral corticosteroid (CS)
(prednisolone/prednisone) doses of 1-2 mg/kg/day
and methylprednisolone (10-30 mg/kg, maximum
1 g/day for three consecutive days) in severe cases
are recommended [11].

SHARE recommendations for the treatment of
pediatric IgAV nephritis (IgAVN) are evaluated
separately according to mild, moderate, and severe
involvement of the disease. According to these oral
prednisoloneisrecommendedasfirst-linetreatment
for patients with mild IgAV nephritis. For patients
with moderate IgAV nephritis, oral prednisol or
pulsedintravenous (i.v.) methylprednisolone (IVMP)
has been recommended as first-line treatment. In
severe IgAV nephritis, treatment with high-dose CS
and i.v. cyclophosphamide to induce remission and
lower-dose CS in combination with azathioprine
(AZA) or mycophenolate mofetil (MMF) as
maintenance therapy is usually recommended [11].

In a study of a total of 359 children with IgAVN, 108
patients (30%) received oral steroids alone, 207
patients (51%) received three methylprednisolone
pulses followed by oral steroids, and 44 patients
(12.5%) were followed up without steroids in a
study published in 2023, involving 14 centres in
France, aimed at evaluating the role of steroids on
IgAVN outcomes. When 32 children treated with
oral steroids alone were compared with 32 matched
control patients who did not receive steroids,
one year after disease onset, the IgAVN remission
rate was similar between these two groups (62%
vs. 68%, respectively). When 93 children treated
with oral steroids alone were compared with 93
matched control patients treated with oral CSs
followed by three methylprednisolone pulses, the
IgAVN remission rate was not different between
these two groups (77% vs. 73%, respectively). The
benefit of oral steroids and methylprednisolone
pulses alone cannot be determined on the basis of
this observational study and randomised controlled
trials are needed [12].

Kawasaki disease

Kawasaki disease (KD) is a vasculitis that
predominantly affects medium and small sized
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arteries. There is nospecific test to diagnose KD,
but according to the American Heart Association,
patients are classified as having KD if they have a
fever lasting at least 5 days (a mandatory criterion)
and four of the following criteria: oropharyngeal
changes, peripheral limb changes or changes in
the perineal region, bilateral conjunctival injection,
polymorphous rash, cervical lymphadenopathy
[13].

According to SHARE recommendations for the
treatment of KD, intravenous immunoglobuline
(IVIG), 2 g/kg single dose, and aspirin (30-50 mg/
kg/day, 4 divided doses) should be started in the
first 10 days of the disease as initial treatment of
KD. A second IVIG infusion, most commonly 2 g/
kg i.v., is recommended as a treatment option in
patients with refractory KD. Corticosteroids are
recommended in high-risk patients, those who are
resistant to IVIG (with or withouta second IVIGdose),
those with Kobayashi score>5 , hemophagocytic
lymphohistiocytosis, shock clinic, patients younger
than 1yearof age, patients with coronary aneurysm.
If CS sare indicated, the following regimens would
be reasonable:

Regimen 1: Methylprednisolone 0.8 mg/kg i.v. for
5-7 days or until C-reactive protein (CRP)normalises;
then oral prednisone/prednisolone 2 mg/kg/day
and discontinued over the next 2-3 weeks.

Regimen 2: Methylprednisolone 10-30 mg/kg
(maximum 1 g/day) once daily for 3 days, followed
by oral prednisone/prednisolone 2 mg/kg per day
until day 7 or until CRP normalizes. Then it can be
planned to be discontinued within the next 2-3
weeks (10).

According to European consensus-
basedrecommendations for the diagnosis and
treatment of rare pediatric vasculitides; IVMP 10-30
mg/kg (max 1g/day) is used for 3 days in induction
treatment and then oral prednisone is started. Oral
prednisoloneis givenas 1-2 mg/kg/day (max 60 mg/
day). After the first month of treatment, the dose is
reduced to 0.8 mg/kg/day and it is recommended
to reduce the dose to 0.2 mg/kg (or 10 mg,
whichever is lower) in the 6th month by decreasing
the dose every month at a dose of 0.1-0.2 mg/kg/
day. There commended dose of prednisolone in the
maintenance phase is 0.1-0.2 mg/kg/day. Incase
of minor relapse during the maintenance phase,

prednisolone treatment is increased to 0.5 mg/kg/
day, followed by a return to the basal steroid dose
in 4 weeks. In case of refractory disease or failure in
primary induction, IVMP (10-30 mg/kg maximum 1
gr/day) is given for 3 days, the prednisolone dose
is increased to 1 mg/kg/day and decreased to
0.25 mg/kg/day in 4 weeks, and subsequent dose
reductions are recommended according to the
clinical picture [9].

Childhood Polyarteritis Nodosa

According to EULAR/PRINTO/PRES, Ankara 2008
criteria, the diagnosis of PAN in childhood is
defined as the presence of necrotising vasculitis
or angiographic abnormality in medium or small
sized arteries (mandatory criterion) togethe rwith
skin involvement (livedo reticularis, skin nodules,
superficial orinfarcts), myalgiaormuscletenderness,
hypertension, peripheral neuropathy and renal
involvement [7]. PAN treatment recommendations
in children are based on retrospective pediatric
data and recommendations for adult PAN patients.
In patients presenting with skin involvement, in
the absence of severe systemic inflammation and
other major organ involvement, nonsteroidalanti-
inflammatory drugs (NSAIDs) and/or CS therapy
alone may be appropriate with careful monitoring
of clinical and laboratory parameters [9].

According to the American College of
Rheumatology/Vasculitis Foundation Guideline for
the Management of Polyarteritis Nodosa 2021, the
treatment approach of active PAN differs according
to whether the disease is severe or non-severe.
For newly diagnosed patients with active, severe
PAN, it is recommended to start treatment with
cyclophosphamide and high-dose glucocorticoids
instead of high-dose glucocorticoid salone.
For newly diagnosed patients with active, non-
severe PAN, treatment with non-glucocorticoid
immunosuppressive agents and glucocorticoids
is conditionally recommended instead of
glucocorticoids alone. The optimal duration
of glucocorticoid therapy for PAN (e.g. taper
every 6 months or longer than 6 months) is not
wellestablished and therefore the duration of
therapy should be guided by the patient’s clinical
condition, values and preferences [14].
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ANCA Associated Vasculitis

Chen et al,, [15] analysed patients younger than 18
years with pAAV, biopsy-confirmed pauci-immune
glomerulonephritis according to their initial steroid
therapy doses of none, low-moderate (<90mg/kg)
and high (>90mg/kg) cumulative IVMP and low (<0,
5mg/kg/day prednisone equivalent), moderate
(0.5-1.5mg/kg/day) and high (>1.5mg/kg/day)
oral steroid doses of patients, comparing baseline
characteristics and 12-month outcomes (eGFR,
glucocorticoid-related side effects). Renal failure at
diagnosis and plasmapheresis use were associated
with high-dose IVMP. Rates of glucocorticoid-
related adverse effects ranged from 15-31% across
dose levels, and glucocorticoid dosing did not
associate with 12-month outcomes. In this study,
higher glucocorticoid doses were not associated
with better outcomes [15].

Takayasu Arteritis

Takayasu Arteritis is defined as granulomatous
arteritis that predominantly affects the aorta
and/or its major branches [16]. Given the lack
of evidence in children and the higher level of
evidence in adult studies of Takayasu arteritis, the
EULAR recommendations on adult-onset large
vessel vasculitis (related to Takayasu arteritis,
not GCA) are used in pediatric Takayasu arteritis
patients [9]. In a study published by Bolek et al., [17]
with 154 adult and 25 pediatric patients in which
the different course of Takayasu disease in adult
and pediatric patients was investigated, it was
reported that acute phase reactants were higher,
abdominal involvement was more frequent, left
ventricular hypertrophy, aortic valve insufficiency
and hypertension were more frequent in children.
It was also reported that the total steroid dose
administered in pediatric patients was lower
compared to adult patients [17]. Another study by
Jales-Netoand his colleagues found that steroids
and otherimmunosuppressive therapies were used
similarly in adults and children [18]. In a cohort of
29 children and 48 adult patients from Canada,
steroid-only treatment was to be more frequently
used in adult Takayasu patients [17].

Steroid reduction

patients

According to current recommendations for steroid
with drawal regimen in children, it is applied in the
following stages [19].

regimens for pediatric

1-) Glucocorticoid dose should be reduced
according to the underlying condition until 30 mg/
m?/day hydrocortisone equivalent is reached.

2-) Then, it should be reduced by 10-20%
every 3-7 days until the patient reaches the
physiological glucocorticoid dose (8-10 mg/m?/day
hydrocortisone equivalent).

3-) After reaching 8-10 mg/m?/day hydrocortisone,
a decision should be made whether to stop or
continue hydrocortisone according to the morning
cortisol level evaluation (by evaluating the recovery
of the HPA axis).

In our center, if the steroids are used for more than
14 days, the basal ACTH and cortisol levels are
checked and if there is no adrenal suppression, the
treatment has been stopped. In case of adrenal
suppression, the dose is reduced to 30 mg/m?%
day hydrocortisone, then reduced by 25% at 3-day
intervals to 10 mg/kg/day hydrocortisone. After 2-4
weeks of use at this dose, the basal ACTH cortisol
control is checked and if the HPA axis is suppressed,
an ACTH stimulation test is performed; if HPA
suppression is not detected, the steroid treatment
has been discontinued.

Glucocorticoid toxicity index

A pediatric glucocorticoid toxicity index (pGTI)
was developed to measure glucocorticoid-related
morbidity and toxicity across the age range of
2-18 years. Using group consensus methods and
multicriteria decision analysis, the pGTI organized
glucocorticoid-related  toxicities into health
domains rated as minor, moderate, or major and
weighted according to severity. The overall toxicity
profile derived from the pGTI data is composed of
two quantitative scores: (1) Cumulative Worsening
Score; and (2) Total Improvement Score. The
pGTI also includes a qualitative, unweighted GC
adverse event record known as the Harm Checklist,
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which documents less common toxicities that
are potentially severe but unlikely to change with
changing glucocorticoid doses. One hundred
and seven (107) toxicity items are included in the
pGTl and thirty-two (32) items are included in
the Harm Checklist. This Checklist is designed to
identify irreversible persistent toxicities despite
reduced exposure to steroids. In conclusion, the
development and initial evaluation of the pGTI, a
glucocorticoid toxicity assessment tool intended
for use in pediatrics and pediatric practice as well
as in prospective, randomized clinical trials, is
described. This tool can be used across clinical
disciplines to assess the clinical and economic
value of glucocorticoid-sparing therapies, as well
as to quantify the impact of steroid toxicity. Given
the wide spread use of glucocorticoid and the pace
of immunological drug discovery, this tool may
represent a significant advance in our ability to
assess the utility of new pharmacologic agents [20].

Conclusion

Glucocorticoids are agents widely used in our
pediatric rheumatology practice however side
efects should always be considered, especially
in childhood. Early discontinuation of therapy,
switching to alternative treatments should be
pursued for patients.
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20D ABSTRACT Coor

Although the first-line treatment of central nervous system vasculitis (CNSV) is glucocorticoids (GC), the duration and dose
of GC is still unknown. Although CNSVs seem to be a disease limited to a single area, they are a heterogeneous group of
diseases clinically, in terms of involvement pattern and course. Due to the highly heterogeneous nature of the disease, patient-
specific determination of the initial dose of GC is essential. Considering the disease courses, it may be more appropriate to
consider Tmg/kg oral GC treatment if small/distal vessels are involved and intravenous bolus GC treatment if large/proximal
vessels are involved in primary-CNSVs. In secondary-CNSVs (Anca-associated vasculitis, Behcet’s syndrome, Systemic Lupus
Erythematosus) intravenous high dose GC treatment is recommended.

Keywords: central nervous system vasculitis, glucocorticoids, disease management.

Introduction

Central nervous system vasculitis (CNSV) can
manifest as either primary or secondary forms.
Primary central nervous system vasculitis (P-CNSV)
specifically targets the central nervous system,
while secondary central nervous system vasculitis
(S-CNSV) is a result of systemic disorders affecting
the central nervous system.

To avoid mistakes in diagnosing and treating
vasculitis in the central nervous system, it is
important to look at other conditions that can
affect the system, like systemic vasculitis, infection,
or connective tissue disease.

What is the primary central nervous system
vasculitis?

Primary central nervous system vasculitis is a rare
condition that only affects the brain and spinal cord.
The median age of diagnosis is 47 years, with 50%
of the patients being diagnosed between the ages

of 37 and 59 [1]. It is observed with equal frequency
in males and females [2].

Previous case reports have characterized P-CNSV
as a lethal disease that does not respond to
immunosuppressive therapy. However, recent
studies have shown that the disease consists of
distinct subtypes and that treatment responses
differ depending on the extent of clinical
involvement [1,3,4].

The symptoms of P-CNSV can manifest across a
broad range, encompassing chronic headache,
cognitive dysfunction, and ischemic findings [5,6].
A specific algorithm for diagnosis is not available;
however, a thorough examination of the patient’s
medical history and physical condition, along with
imaging and laboratory tests, as well as a biopsy of
the central nervous system, are crucial for accurate
diagnosis [5,7].
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Calabrese and Mallek established diagnostic criteria
for primary central nervous system vasculitis in
1988. This criterion briefly included the items listed
below [8,9];

« The presence of neurological deficits that are
not explicable by another disease

« Vasculitis affecting the central nervous system
as revealed by histopathology or angiography

+ Thereis no systemicillness that would resemble
the results

Birnbaum and Hellmann updated the diagnostic
criteria in 2009. They incorporated the definitions
of definite and probable into the criteria. Definite
P-CNSV necessitates a histopathological diagnosis,
whereas Probable P-CNSV requires angiographic
evidence of a highly likely disease along with
abnormal magnetic resonance imaging (MRI) and
cerebrospinal fluid (CSF) findings [9, 10].

P-CNSV is a complex disease characterized by
multiple subgroups rather than just one condition
entity. These subgroups have different clinical
profiles and treatment responses. Therefore, it
is important to distinguish them. Some of the
subgroups are [11]:

Angiography negative biopsy positive
subgroup: Only arterioles and arteries of extremely
small diameter are affected. Responds favorably to
treatment. The prognosis is favorable [11,12].

Subtype exhibiting substantial leptomeningeal
enhancement on MRI: Their clinical presentation
is acute. The biopsy reveals the presence
of  granulomatous vascular inflammation.
Typically, patients exhibit a positive response to
glucocorticoid therapy [11,13].

Rapidly progressive primary CNS; Rapidly
progressive P-CNSV is the most severe form of
P-CNSV. This cohort of patients exhibits poor
response to glucocorticoids and conventional
immunosuppressive treatment. The disease is
fatal, despite the administration of high-dose
glucocorticoids [11,14].

Solitary tumour-like mass lesion;
Immunosuppressive  therapies  or  surgical
procedures may be favorable to the patient [11,15].

Whatistheappropriatedosage of glucocorticoids
for treating P-CNSV?

P-CNSV is a rare condition. There is a lack of
randomized controlled trials that provide guidance
on the appropriate dosage of glucocorticoids for
administration. The most important data originates
from the patient cohorts studied by Salvarani et al.,
Over a 35-year period, Salvarani et al., analyzed the
treatments and outcomes of 191 P-CNSV patients.
For 47% of the patients, induction therapy was
combined with intravenous pulse glucocorticoid
therapy.Three-fourths of the patients had
been administered five or less doses of 1 g of
methylprednisolone. Nevertheless, there was no
evidence to support the notion that administering
this treatment initially provided any benefit. The
study is performed retrospectively, and patients
with unfavorable prognostic findings may have
undergone more intensive treatment. Therefore,
when selecting treatment, it is essential to consider
both the patient’s involvement characteristics and
their general characteristics [16].

Patient glucocorticoids strategies vary depending
on whether the small/distal vessels or large/
proximal vessels are affected. The group with small
vessel involvement recommended to be given 1
mg/kg of oral prednisolone daily. The group with
large vessel involvement should be administered
a methylprednisolone bolus at a dosage of 1g per
day for 3-5 days, followed by a daily dose of 1Tmg/
kg [17].

Secondary central nervous system vasculitis

Secondary central nervous system vasculitis refers
to the development of central nervous system
vasculitis as a result of a systemic inflammatory or
infectious condition.

ANCA-associated vasculitis, Behget syndrome,
systemic lupus erythematosus, infectious causes
(Streptococcus pneumoniae, Neisseriameningitidis,
Mycobacterium tuberculosis, Treponema pallidum,
and Borrelia burgdorferi), and malignancies are
a few examples of conditions that may affect the
central nervous system.

ANCA-Associated Vasculitis

Currently, thereisalack of conclusive dataregarding
the optimal glucocorticoid dosage for treating
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neurological complications associated with ANCA-
associated vasculitis. After reviewing the conducted
studies, it is worth noting the recommendation to
begin treatment with high-dose glucocorticoids.

In cases of nervous system involvement in ANCA-
associated vasculitis, immediate intervention
is required. There are two types of treatment:
induction and maintenance. In addition to
the immunosuppressive therapies, administer
a remission induction regimen of 1 mg/kg
prednisone for approximately 30 days, followed
by the initiation of a dose reduction plan. Low-
dose glucocorticoid therapy and an appropriate
immunosuppressive therapy are recommended in
maintenance treatment [18-20].

According to some publications, the first treatment
should be a pulse intravenous methylprednisolone
dose of 1 gram per day for three days, followed
by a reduction to 1 mg/kg of oral glucocorticoid
therapy. Additionally, they recommend reducing
the glucocorticoid dose to 7.5 to 10 mg/day over a
period of three to five months [10,21-23].

The 2021 ACR/vasculitis Foundation ANCA-
associated vasculitis guideline suggests the use of
intravenous pulse or high-dose oral glucocorticoids
[24].

Behcet’s Syndrome

Behcet syndrome (BS) is a disease of the blood
vessels. Biopsies of people with Neuro Behcet’s
disease showed perivasculitis instead of vasculitis
[25-27].

While there is no definite data on the specific

glucocorticoid treatment for BS, there are numerous
publications available to provide guidance. For
cerebral venous sinus thrombosis(CVST), treatment
is typically effective, with the recommendation to
use high-dose glucocorticoids [28-30].

Parenchymal involvement is more resistant to
treatment than CVST. IV methylprednisolone
treatment is recommended for a period of 5-10 days
in cases of parenchymal involvement. In addition, it
is advised to gradually decrease the glucocorticoid
dosage over a period of 3-6 months, depending on
the patient’s condition [28,30]

Systemic Lupus Erythematosus

Systemic lupus erythematosus can lead to severe
central nervous system complications, such
as myelitis and cerebritis. For central nervous
system involvement in SLE, intravenous pulse
methylprednisolone therapy is recommended [31].
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20D ABSTRACT Coor

Glucocorticoids (GC) are important in fetoplacental development and GC production increases in pregnant women.GCs can
be used for various reasons during pregnancy, but there are some things to keep in mind.In patients with systemic vasculitis,
GC exposure may be associated with complications such as low birth weight and preterm birth. When planning pregnancy in
patients with systemic vasculitis, the aim should be to control disease activity with the lowest possible dose of GC. Pregnant
women who are required to use GC should also be monitored more closely for gestational diabetes and hypertension.
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Physiology related to pregnancy and
glucocorticoids

Immune adaptation mechanisms are needed for
a healthy pregnancy. Glucocorticoids (GC) play an
important role in normal fetoplacental growth,
and GC production increases in pregnant women
[1]. GC production progresses in balance with
the increase in progesterone, reducing the risk of
fetomaternal complications (Figure 1). On the other
hand, GC is used in the prevention or treatment of
some fetomaternal complications that develop
for various reasons [2]. Indications for pregnancy-
related GC treatment are shown in Figure 2. The
main determinant of which GC will be used in
treatment is the GC dose to which the fetus will be
exposed. Placental passage rates according to GC
types are shown in Table 1 [3].

Pregnancy in systemic vasculitis

In systemic vasculitis, the process should be
considered for three different periods listed below
in the evaluation of pregnancy.

i. Family planning
ii. Pregnancy course
iii. Postpartum period

First of all, pregnancy should be considered from
the first visit in a systemic vasculitis patient of
childbearing age, and information should be
provided about the timing of conception and
contraceptive methods. The expectation of a
negative effect on the course of the disease in a
planned pregnancy is quite low. However, even in
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Progesteron

Healthy pregnancy

Progesteron and glucocorticoid at equilibrium

Endometrial receptivity
Uterine quiscence

Treg expansion

Plasental vascularisation
Fetal growth

Glucocorticoids

Infertility, pregnancy loss,
preterm birth, IUGR

Progesteron and glucocorticoid at disequilibrium

Dysregulated endometrial immunprofile
Premature labor

Inflammation

Plasental insufficiency

Impaired immun ontogeny

Figure 1. The importance of equilibrium between glucocorticoids and progesterone in pregnancy.

Conception 12 weeks

Prevention of recurrent miscarriage

22 weeks

Decrease morbidity and mortality due to preterm birth

Decrease masculinization of female fetus if risk of congenital adrenal hyperplasia

34 weeks 40 weeks

Figure 2. Indications for glucocorticoid treatments according to pregnancy time.

Table 1. Placental passage rates of glucocorticoids

Hydrocortisone 15 %
Prednisolone 10 %
Methylprednisolone 45 %
Betamethasone 30%
Dexamethasone 65%

planned pregnancies, the risk of some fetomaternal
complications, including abortion, preeclampsia,
premature birth, intrauterine growth retardation
and postpartum thrombosis, is still increased
[4]. It is known that factors such as disease flare,

uncontrolled hypertension and renal artery
involvement increase the risk of fetomaternal
complications [5].

The assessment of disease flare becomes more
complicated in pregnancy. Clinical findings of
tachycardia, tachypnea, murmur, arthralgia and
morning stiffness and laboratory findings of acute
phase elevation and moderate proteinuria are the
most important confounders in the determination
of disease activity due to the physiological changes
of pregnancy. Acute phase indicators may increase
significantly, especially in the last trimester [6].
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Adverse effects of glucocorticoid drugs in
pregnancy

It is thought that there is a relationship between
GC exposure and low birth weight and preterm
birth in patients with systemic vasculitis, as in
patients with rheumatoid arthritis and systemic
lupus erythematosus, due to maternal effects [7].
Although there are conflicting results regarding
preeclampsia, GC use probably increases the risk of
preeclampsia. The risk of cleft palate/lip is probably
increased in children of pregnant women exposed
to GC, especially in the first trimester. There is also
an increase in the risk of gestational diabetes. GC
side effect risks are related to dose and duration.

In a case-specific setting, ensuring disease control
with low-dose GC can protect against additional
immunosuppressive load. For example, it has been
reported that disease control can be achieved
with only low-dose GC throughout pregnancy
in patients with Takayasu arteritis [8]. When
general population data are examined, longer
hospitalisation in neonatal intensive care unit,
increased risk of hypoglycemia, reduced head
diameter, and neuropsychological developmental
problems have been reported more frequently in
children of pregnant women exposed to GC before
the 34th week [9].

In conclusion, when planning pregnancy, it is

advisable to aim for controlling systemic vasculitis
disease activity with the lowest effective dose of
GC. The risk of fetomaternal complications may
increase in pregnant women using GC, depending
on the dose and duration. These pregnancies
should be monitored more closely for gestational
diabetes and hypertension. More clinical studies
are needed on topics such as the effects of GC use
on the newborn in patients with systemic vasculitis,
the effects of high-dose GC on the fetomaternal and
neonatal outcomes, the effect of continuing low-
dose GC on pregnancy loss, the effect of antenatal
GC use on preterm birth, and the comparison of
low-dose GC with immunosuppressive treatments
in disease control.
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20D ABSTRACT Coor

Glucocorticoids are a cornerstone in the management of rheumatic diseases due to their potent anti-inflammatory and
immunomodulatory effects. However, their perioperative use presents distinct challenges, including an elevated risk of
infection, impaired wound healing, and the potential for glucocorticoid-induced adrenal insufficiency (GI-Al). This review
examines the perioperative implications of glucocorticoid therapy, with a focus on infection risk, adrenal insufficiency, and
recommendations from clinical practice guidelines. Evidence indicates a correlation between glucocorticoid use and increased
perioperative complications, although the efficacy of dose reduction strategies in mitigating these risks remains uncertain.
GI-Al, a common complication of prolonged glucocorticoid use, necessitates careful perioperative management to prevent
adrenal crises. Guidelines from British, American, and German societies propose slightly differing approaches, albeit with low
levels of evidence, emphasizing the importance of individualized patient care.

Keywords: glucocorticoids, perioperative management, infection risk, adrenal insufficiency.

Introduction

Glucocorticoids play a crucial role in managing
various rheumatic diseases due to their potent
anti-inflammatory and immunomodaulatory effects
[1]. However, their use in the surgical setting is
associated with an increased risk of significant
complications, particularly infection and adrenal
insufficiency [2]. Prolonged glucocorticoid therapy
may further exacerbate these risks, leading to
impaired wound healing, increased skin fragility,
hematoma formation, skin ulceration, and a
heightened susceptibility to skin tears [1]. These
complications can significantly impact patient
outcomes, necessitating careful management
strategies. Clinicians are thus faced with the
complex challenge of balancing the therapeutic
benefits of glucocorticoids against their potential
perioperative risks.

Infection

Among different factors increasing the risk of
infection in a patient with a rheumatic disease
undergoing surgery, both historical and current
corticosteroid use is an important risk factor [2].
Other factors are also related with corticosteroid
use and overall risk of infection, such as disease
activity and longer disease duration [3]. They both
increase the risk of infection by themselves and by
being associated with higher corticosteroid use.

Data regarding the increased risk of infection
in the perioperative period are derived from
large cohort studies. In a retrospective cohort
of fourteen thousand patients undergoing
total knee or hip arthroplasty, steroid use was
associated with adverse outcomes such as wound
dehiscence, surgical site infection, pneumonia,
urinary tract infection and readmission, but not
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with mortality, venous thromboembolism, post-
operative cerebrovascular events, myocardial
infarction or sepsis [4]. In a study involving Danish
rheumatoid arthritis patients registries, steroid use
was associated with about 2.5 to 3 times higher
risk of joint infection and death in one year [5].
In two retrospective cohort studies from United
States that use post-market surveillance data,
among rheumatoid arthritis patients receiving
biological therapy, steroid use was found to have
dose-dependent risk increase for both non-urinary
and urinary hospitalized infection, prosthetic joint
infection, 30-day readmission and 90-day mortality
[6,7]. Patients using a dose greater than 10 mg/day
prednisone equivalent had 1.5 to 2 times higher
risk for adverse outcomes than those who did not
use steroids.

Various rheumatological societies have
published guidelines regarding steroid use in
the perioperative period. 2017 British guidelines
recommend steroid exposure to be minimized prior
to surgical procedures, without going into further
detail [8]. American College of Rheumatology
and the American Association of Hip and Knee
Surgeons guideline published in 2022 make
no recommendations regarding pre-operative
reduction of steroid dose [9].In the 2017 edition
of this guideline, there was a recommendation
of tapering to lower than 20 mg/day prednisone
equivalent prior to surgery when possible [10],
but this was removed in 2022 edition. German
guidelines published in 2022 suggest reducing the
steroid dose to the lowest possible dose, 10 mg/
day prednisone equivalent if possible, in the two
to three months preceding surgery [11].However,
while higher steroid does are in fact related with
adverse outcomes,reducing the dosepreceding the
surgery has not been proven to decrease the rate of
perioperative complications [6].

Adrenal insufficiency

Glucocorticoid-induced  adrenal  insufficiency
(GI-Al) is a typical side effect associated with
exogenous use of corticosteroids [12]. Spectrum
of GI-Al ranges from otherwise asymptomatic
“biochemical” GI-Al to potentially lethal adrenal
crisis [13]l.However, despite wide-spread use
of steroids both for rheumatological and non-
rheumatological conditions, data regarding the

definition, epidemiology, diagnosis and treatment
of this condition come from heterogeneous studies,
resulting in a low level of evidence [13].

GI-Al results from suppression of
adrenocorticotrophic  hormone (ACTH) and
corticotropin-releasing hormone (CRH) from
pituitary gland and hypothalamus respectively.
Chronic suppression of ACTH leads to atrophy
of the adrenal cortex, which results in reduced
cortisol production during periods of increased
requirement [14].

Risk factors

Dose and duration of the steroid therapy are the
most important risk factors for the development of
GI-Al [15]. When steroids are no longer required to
control the underlying condition, various tapering
regimens are used to prevent both disease flares
and development of GI-Al. A suggested tapering
regimen by the 2024 American Endocrine Society
(ES) and European Society of Endocrinology (ESE)
guideline is given in Table 1 [15].

Pharmacokinetically, dexamethasone has the
highest potency and the longest duration of
action compared to other steroid formulations
[16]. However, when equivalent doses are used,
type of steroid used does not have an effect in
adrenal suppression [14]. Pulse steroid therapy,
alternative single day dosing and shorter duration
(less than 14 days) are unlikely to cause GI-Al [14].
Concomitant use of other CYP3A4 inhibitors, such
as clarithromycin and azole type of antifungals
increase the level of active metabolites of steroid
and thus the risk of GI-Al [14]. Other risk factors for
developing GI-Al include age and obesity [15].

Clinical findings
Clinical findings of GI-Al are non-specific can
overlap with a myriad of other conditions [17].

Table 1. Suggested tapering regimen by 2024 ESE/ES
guideline

Current daily dose Suggested dose decrement
>40 mg 5-10 mg every week

20-40 mg 5 mg every week

10-20 mg 2.5 mg every 1-4 weeks
5-10 mg 1 mg every 1-4 weeks

5mg 1 mg every 4 weeks

* Doses are given as prednisone equivalent. ES: Endocrine Society, ESE:
European Society of Endocrinology
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Onset of the symptoms can be insidious, and the
level of symptoms depend on the level of stress.
Many findings such as fatigue, arthralgia and
myalgia can also be associated with underlying
rheumatological condition. If the body is unable
to secrete an appropriate amount of endogenous
cortisol for the stress faced, the condition may
progress to an adrenal crisis, which is characterized
by severe fatigue, nausea and vomiting,
hypotension, hypoglycemia, shock and death [15].

Diagnosis

Measurement of basal morning cortisol can be
used as a screening test [14]. Diagnosis if adrenal
insufficiency is based on the measurement of
the hypothalamus-pituitary-adrenal axis by a
stress test. ACTH stimulation test (also known as
Synacthen test) is the most common one used in
clinical practice [14]. However, guidelines used in
rheumatology currently do not recommend routine
screening for GI-Al using screeningtests [8,9,11].

Treatment

Cornerstone of the treatment for GI-Al is steroid
replacement to mimic normal physiology as closely
as possible [17]. Hydrocortisone is the preferred
steroid formulation given its pharmacokinetic
properties, however other preparations such
as prednisone can also be used. Based on
the physiological requirements of the body,
approximately 15-25 mg hydrocortisone per day
is used, usually one or two divided doses [14]. In
a patient with suspected adrenal crisis, prompt
steroid administration is essential. An initial 100
mg bolus of parenteral hydrocortisone, followed by
200 mg hydrocortisone over 24 hours. Additional
measures such as fluid resuscitation, electrolyte and

glucose requirement, and treatment of possible
triggers of adrenal crisis are other components of
the treatment [15].

Peri-operative care for prevention

Patients at risk of developing GI-Al should receive
priority when scheduling for procedures, to
minimize potential triggers such as fasting and
dehydration [18]. 2017 British, 2022 American and
2023 German guidelines by rheumatology societies
donotrecommend routineincrease in steroid doses
in the perioperative period [8,9,11]. Summary of
recommendations by American Endocrine Society
and European Society of Endocrinology are given
in Table 2 [15].

Conclusion

List of recommendation by various societies are
given in Table 3.
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Table 2. Summary of perioperative recommendations from 2024 ESE/ES guideline [15]

Type of procedure Level of stress

Recommendation

+ Minor surgery and Minor stress
procedures requiring local

anesthesia

» Surgery and procedures
requiring general or
regional anesthesia

Moderate to major stress

+ Labor, including vaginal
delivery and cesarean
section

- Patients taking 210 mg/day prednisone equivalent: No extra dose
needed

- Patients taking <10 mg/day predisone equivalent: Increase to 10
mg total daily dose, to be given one hour prior to the procedure.
Continue increased dose in patient who remain unwell after the
procedure until clinically stable.

« Intra-operative: IV hydrocortisone 100 mg at induction, followed by
200 mg of hydrocortisone over 24 hours

« Post-operative: Resume oral steroid at increased dose for 48 hours
(prednisone 10 mg/day). After 48 hours, resume pre-surgical dose.
In case of post-operative complications, maintain an increased oral
dose or give stress-dose steroid IV as clinically appropriate
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Table 3. Recommendations regarding peri-operative steroid use

2022 ACR/AAHKS

2023 GSR

2017 BSR/BHPR

Infection Steroid exposure should be
minimized prior to surgical
procedures

Adrenal Increase in dose to prevent adrenal

insufficiency | insufficiency is not recommended.

No recommendation

Continuation of the current daily
dose, rather than supraphysiological
doses, is recommended

Must be reduced to the lowest
possible dose, 10 mg/day if possible
in the last 2-3 months before
surgery.

Peri-operative steroid dose is
recommended to remain constant.

AAHKS: American Association of Hip and Knee Surgeons, ACR: American College of Rheumatology, BHPR: British Health Professionals in
Rheumatology, BSR: British Society of Rheumatology, GSR: German Society for Rheumatology.
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