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ABSTRACT

Introduction and Objective: Glucocorticoids (GCs) are among the most commonly prescribed
pharmaceuticals across various medical specialties. The purpose of this article is to provide
an overview of the most common side effects of oral glucocorticoid therapy and to underline
the importance of educating healthcare professionals and patients on this topic.

State of knowledge: Glucocorticoids are commonly used in a wide range of patients because
of their anti-inflammatory and immunosuppressive properties. Oral glucocorticoids can lead
to a greater number of side effects in comparison with other routes of administration due to
their systemic action. Adverse effects of glucocorticoid therapy involve endocrine,
cardiovascular, musculoskeletal and central nervous systems. Patients often present with
elevated serum glucose levels caused by reduced insulin sensitivity and amplified hepatic
glucose production. Moreover, hyperglycemia and hypertension increase the risk of ischemic
heart disease and heart failure. GCs impede bone formation and escalate bone resorption,
resulting in bone mass reduction and osteoporosis. Myopathy may occur as a result of
intensified catabolic processes. Glucocorticoid therapy impacts the production of cortisol by
the adrenal glands and can lead to adrenal insufficiency and even adrenal crisis. Characteristic
changes in external appearance aggravate self-esteem and mental health of patients resulting in
decreased quality of life. Another adverse effect described in literature is substantial cognitive
decline.

Summary: Despite their multiple positive applications, glucocorticoids are associated with
numerous side effects. It is imperative for medical professionals to ascertain that
the disadvantages do not outweigh the advantages of glucocorticoid therapy. Further research

is needed to ensure that patients are provided with the best possible care.
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INTRODUCTION

Since the implementation of glucocorticoid therapy in the 1950s, when it was first used
to treat a patient with rheumatic arthritis [1], glucocorticoids (GCs) have been introduced in a
multitude of medical fields. Due to their anti-inflammatory and immunosuppressive properties
GCs are one of the most widely employed types of drugs used. Another reason for their
widespread use is the possibility of multiple routes of administration. GCs can be administered
via injection, oral ingestion, inhalation, or topical application.

Steroid therapy has become an integral part of modern medicine. In the United States
between 2009 and 2018 average annual prevalence of oral glucocorticoids was 6,8% with an
annual growth rate of around 1,5% [2]. Long-term oral GCs prescriptions in the UK have
increased by 34% over the past 20 years [3]. The global market for glucocorticoids has reached
a value of almost 5 billion dollars and is expected to continue growing [4].

According to a recent cohort study, upper respiratory tract infections, intervertebral disc
disorders, spinal conditions, allergies and bronchitis were the most common indications
for short-term oral corticosteroid use [5].

The downside of this “miracle” drug is a multitude of adverse effects, especially related

to oral glucocorticoids as their systemic bioavailability ranges from 76% up to 99% [6].

METABOLISM

Hyperglycemia was one of the first reported side effects of oral steroid therapy,
appearing in the literature as early as the 1950s [7]. In a recent study, after 30-day observation
period of 2424 patients on glucocorticoid therapy, overall frequency of glucocorticoid-induced
hyperglycemia (GIH) was 33.5% [8].

Glucocorticoids have the opposite metabolic effect of insulin, promoting
gluconeogenesis in the liver by upregulating gluconeogenic enzyme expression, including
phosphoenolpyruvate carboxykinase and glucose-6-phosphatase [9]. Glucocorticoids also

reduce insulin sensitivity by increasing visceral adiposity and leptin secretion, leading to



impaired glucose uptake in peripheral tissues. These metabolic disruptions impair pancreatic
islets function by causing -cell dysfunction which further exacerbates hyperglycemia [10].

Oral glucocorticoids are associated with the highest risk of hyperglycemia compared to other
routes of administration. There is a clear correlation between GIH prevalence and administered
dose of medication [11]. Among other factors associated with GIH and diabetes mellitius
are abdominal obesity, hypertriglyceridemia, BMI over >25 kg/m2 or glycated haemoglobin
(HbAIc) values over 6.0% [12,13]. Patients over the age of 60 are also at higher risk due to the

decline in pancreatic beta-cell function and the increase in glucose intolerance with age [12].

CARDIOVASCULAR SYSTEM

Glucocorticoid therapy displays a significant impact on the cardiovascular system. The
risk of hypertension in patients taking glucocorticoid drugs increased twofold in comparison
with the placebo receiving control group [14]. The pathophysiology of steroid-induced
hypertension lays in an imbalance between vasodilation and vasoconstriction. Various
vasoactive agents activation, such as catecholamines or nitric oxide, are not without
significance [15]. Moreover, obesity and dyslipidemia, among others adverse effects of excess
GCs, are additional independent risk factors of hypertension [14].

A recent study found that individuals who had been prescribed systemic glucocorticoids
exhibited a six-fold elevated risk of developing atrial fibrillation in comparison with the control
group [16]. In another study prolonged use of glucocorticoids was connected to increased risk

of coronary disease, heart failure and stroke [17].

OSTEOPOROSIS

Osteoporosis is a progressive disease where gradual decrease of bone density increases
fragility and the risk of fractures [18].

GCs are the main culprit of drug-induced osteoporosis. Pathomechanism of
glucocorticoid-induced osteoporosis (GIOP) consists of exacerbation of osteoclast activity as
well as disrupted osteoblast precursors differentiation that leads to limited osteoblast formation.
Stem cells in bone marrow are also affected and the osteoblast lineage decreases at the expense
of the adipocyte lineage [19]. Studies show that up to 50% of patients with prolonged
glucocorticoid therapy experience bone fractures. They can occur as soon as 3 months after

the first dose of medication was administered [20]. Trabecular bones such as vertebral bodies



are especially susceptible to the detrimental impact of GCs. As only 30% of vertebral fractures
are symptomatic, clinicians should pay particular attention to the follow-up care of their patients

[21].

MUSCLE ATROPHY

Muscle weakness, especially the pelvic girdle muscles, is a result of fast-twitch type II muscle
fibres damage. Glucocorticoid therapy impacts catabolic processes, particularly the ubiquitin-
proteasome and autophagy-lysosomal pathways, which result in myofibril degeneration. In
addition, GCs limit muscle protein synthesis by decreasing the concentration of insulin-like
growth factor-I (IGF-I), a beneficial mediator of muscle development. Moreover, GCs
upregulate myostatin concentration causing increased proteolysis. Prevalence of myopathy
is higher in the elderly and in patients with other comorbidities, such as cancer or respiratory
distress syndrome [22,23].

Glucocorticoid-induced skeletal muscle atrophy has a tremendous effect on patients’
everyday lives. Easily fatigued after climbing stairs or marching, patients become unable to
perform everyday physical activity unassisted and their quality of life reduces. In result,

this independence turnover often leads to further socio-economic issues [22].

HYPOTHALAMIC-PITUITARY-ADRENAL AXIS

The hypothalamic-pituitary-adrenal axis balances endogenous cortisol levels through a
negative feedback mechanism. Endogenous cortisol suppresses the release of corticotrophin-
releasing hormone (CTH) from the hypothalamus and adrenocorticotropic hormone (ACTH)
from the anterior pituitary. Excess glucocorticoids disrupt the homeostasis and can cause
secondary and tertiary adrenal insufficiency which may continue even after the corticosteroid
therapy has been ceased [24,25]. Adrenal insufficiency is a particularly perilous adverse effect
of corticosteroid therapy as it can unfold in adrenal crisis, a life-threatening condition.
In circumstances where the concentration of cortisol in the blood is insufficient, an excess
of pro-inflammatory cytokines may result in the onset of uncontrolled inflammation,
vasodilation and cardiac dysfunction. In clinical practice the patient would present
with hypotension, hypoglycemia and shock [26,27].

Broersen and colleagues have found that endogenous glucocorticoids deficiency

occurred in 48% of patients after oral steroid use and showed association with cumulative



glucocorticoid exposure. However, due to distinct individual variability neither treatment
duration nor dose can accurately predict the risk of adrenal insufficiency [28]. Taking into
consideration the lack of unambiguous risk factors and non-specific onset symptoms (e.g.
fatigue or abdominal pain) the hypothalamic-pituitary-adrenal axis function should be closely

monitored in patients during and after glucocorticoid therapy [27].

INFECTIONS

GCs use affects the immune response through intracellular glucocorticoid receptors,
which when activated, modulate gene transcription and protein synthesis [29]. Glucocorticoids
inhibit inflammatory cytokines production, such as tumor necrosis factor (TNF), IL-1, IL-3,
or interferon (IFN). They reduce the number of eosinophils and basophils,
impair the elimination of opsonized bacteria and inhibit mast cell proliferation. The adaptive
immune system is also affected. As a result of glucocorticoid administration, T-cell activation
and response are limited. Moreover, B-cell activating factor (BAFF) is substantially reduced
resulting in lower concentration of immunoglobulins, especially IgG. In result, the number
of immune cells at the site of infection and their ability to eliminate pathogens is scarce [30,31].
Thereupon increased risk of not only bacterial, viral and fungal infections but also opportunistic
and latent infections is well recognised and have been confirmed by many studies.

Among rheumatic arthritis patients on DMARD therapy the rate of infection-related
hospitalisations ranged from 5.2-17.7% in patients receiving glucocorticoids compared to 4,0-
8,7% in patients not receiving GCs. The percentage of hospital admissions was in direct
proportion to the cumulative and average daily glucocorticoid doses received. Pneumonia, UTIs

and skin infections were the most common cause of hospitalisation [32,33].

CUSHINGOID FEATURES AND SKIN

Numerous hormonal and metabolic changes caused by excessive levels of GCs can
manifest themselves in the external appearance of patients and are referred to as cushingoid
features. A recent systematic review indicated cushingoid features as the third most common
adverse effect of oral GCs in children, with a prevalence rate of 18.1% [34]. Due to fat tissue
redistribution and fluid retention patients on glucocorticoid therapy can present with a moon
face and a buffalo hump. A moon face is a term used in literature to describe a round, pufty,

and swollen appearance of the face, whereas buffalo hump stands for accumulation of fat tissue



at the back of the neck and upper back. Another characteristic features of appearance are facial
plethora, an exaggerated blood flow to the face, and hirsutism stemming from hormonal
imbalance [35].

Impaired collagen synthesis results in excessively thin and fragile “parchment-like” skin.
Another side effects of excessive corticosteroids are striae, elongated red or purple streaks
arising from rapid skin stretching. Striae most commonly appear on the stomach, back
and bottom. Moreover, due to weakened skin tissue, more frequent and easier bruising
can occur. Because of the immune system suppression, the ability of the skin to regenerate

and repair is compromised which leads to delayed wound healing [36].

DIGESTIVE TRACT

Gastritis, peptic ulceration, and gastrointestinal bleeding are among the most significant
gastrointestinal complications of oral glucocorticoids therapy. Interestingly, studies have
showed that adding glucocorticoids to non-steroidal anti-inflammatory therapy doubled the risk
of these adverse effects [37]. Regarding peptic ulcers formation, duration of therapy, as opposed
to dose, was of greater impact [38].

Although other potential variables cannot be excluded, it is estimated that 3% of drug-
related pancreatitis is glucocorticoid-induced [39]. It was also found that patients on oral GCs

therapy had higher risk of acute pancreatitis compared with non-users [37].

MENTAL HEALTH

Although psychiatric and cognitive side effects of oral glucocorticoid medications
are uncommon and less known, they cannot be excluded. Exposure to exogenous
glucocorticoids has been linked with higher risk of psychosis, depression and anxiety. Cognitive
decline in the form of impaired memory, concentration and mental processing speed can also
occur and are referred to as the “steroid dementia syndrome” in literature [6,40,41]. There is a
clear correlation between these adverse psychiatric and cognitive side effects and the dose of
administered glucocorticoids. The reversibility of these impairments is still a matter of debate

[42].



FETUS DEVELOPMENT

The range of pharmacotherapy options for pregnant women is severely restricted due to
the potential impact of many drugs on embryogenesis. However, in cases where the patient's
clinical condition necessitates it and the benefits outweigh the risks, drugs
such as glucocorticoids may be considered.

Studies show that exposure to GCs during fetal life causes upregulation of GLUT1
transporters. As GLUT1 is a glycoprotein responsible for the transport of glucose into the heart
cells, it results in disrupted cardiac glucose metabolism in fetus. Moreover, GCs exposure can
cause decreased ventricular weight and hypertrophy of the myocardium [43].

The hypothalamic-pituitary-adrenal axis is particularly sensitive to glucocorticoid levels.
Fetuses of mothers taking GCs were shown to have lower concentration of hormones such
as cortisol, ACTH and DHEA than controls. Hormone levels were measured in cord blood
and amniotic fluid [44]. However, basal cortisol levels determined in heel-prick blood draw
in infants exposed to glucocorticoids in uteru showed normal values as soon as in the first week

of neonatal life [45,46].

CONCLUSIONS

Although there are numerous indications for glucocorticoid therapy, there are instances
in which this treatment can exacerbate a patient's condition and result in adverse outcomes.
Thereupon it is crucial to inform patients not only about the benefits of GCs therapy but also
about the risks and side effects associated with it. In addition, more attention should be paid
to deepen the knowledge of medical personnel on the incidence and severity of various adverse
effects of GCs so that they can plan treatments accordingly. In conclusion, further research
is needed to better understand the mechanisms and interrelations of glucocorticoid therapy

as valid reliable data is still scarce.
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